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ASNR
American Society of Neuroradiology
Dear Colleagues,
Welcome to the ASNR 44th Annual Meeting and NER Foundation Symposium 2006. Robert I. Grossman, M.D.,
President-Elect/Program Chair, has collected topical and significant educational and scientific sessions for this
year’s programming.
The (NER) Foundation Symposium 2006: Neuroimaging: State of the Art and Beyond... will focus on updating
learners on the latest concepts in neuroimaging and neurological conditions as well as informing them of
important trends and opportunities for the future.
The Annual Meeting features over 40 Focus Sessions developed in cooperation with the American Society of
Functional Neuroradiology (ASFNR), American Society of Head and Neck Radiology (ASHNR), American Society
of Pediatric Neuroradiology (ASPNR), American Society of Interventional and Therapeutic Neuroradiology
(ASITN) and the American Society of Spine Radiology (ASSR), covering a wide range of topics of interest for
both the sub-specialist in neuroradiology as well as the general neuroradiologist.
I wish to extend a special thanks to the following Co-Chairs for their efforts in organizing the programming for
the following specialty areas:
American Society of Functional Neuroradiology (ASFNR) ..........................................John L. Ulmer, M.D.
American Society of Head and Neck Radiology (ASHNR) ...........................................H. Ric Harnsberger, M.D.
American Society of Interventional and Therapeutic Neuroradiology (ASITN)......Gary M. Nesbit, M.D.
American Society of Pediatric Neuroradiology (ASPNR).............................................Gary L. Hedlund, D.O.
American Society of Spine Radiology (ASSR) ................................................................Brian C. Bowen, Ph.D., M.D.
The meeting also showcases specialty-specific and general Neuroradiology focus sessions, Advanced Imaging
Seminars providing an in-depth look at advanced imaging techniques (perfusion, diffusion, spectroscopy,
parallel and high field imaging), a Research Grant Writing Seminar, Expanded ELC Workshop and Lectures,
National Library of Medicine (NLM) workshops, the successful breakfast, lunch, How-To Sessions, the
enhanced ASNR Business Center and timely Maintenance of Certification (MOC) sessions with reviews on
Brain, Head and Neck and Spine and Self Assessment Module (SAM) sessions focusing on Pediatrics using
interactive Audience Response System (ARS) technology.
The annual meeting provides a unique opportunity to gain a better understanding of how the ASNR functions
to assist the practice of neuroradiology during a time of rapid change.
The meeting also provides excellent opportunities to renew old friendships and make new ones as well as
exchange ideas and share conversation with world-renowned researchers and clinicians. We look forward to
your participation at the Welcome Reception with Technical Exhibitors on Monday evening with the Scientific
Exhibition open for viewing during the evening. Also, the Wednesday evening pre-dinner California Dreamin’
reception will be outdoors at the San Diego Marriott Hotel & Marina. Be sure to spend some free
time during your stay by participating in our optional tour program offered throughout the
week’s programming.
On behalf of the entire Executive Committee, welcome to San Diego, California for
the NER Foundation Symposium 2006 and ASNR 44th Annual Meeting where
advanced technology, clinical imaging and interventional neuroradiological
excellence come together.
Sincerely,

Patricia A. Hudgins, M.D.
ASNR President

How to use your Proceedings CD-Rom
With free Acrobat Reader® software, you can view and print Adobe PDF files. If your computer doesn’t already
have Acrobat installed you can simply download either a Macintosh® or Windows® version from this CD-Rom.
With this CD-Rom you can search the data in many different ways as shown in the examples below:
User can link from the Table of Contents to pages throughout the
CD-Rom as shown above by simply clicking on the links in the file.

You can easily move to a page of your choice.

To access the author search section simply click the Index of
Program Participants link on Table of Contents page.

Convenient Bookmarks make it easy to jump to specific sessions
throughout the week’s program.

The Thumbnail palette displays a small image of each page in the
proceedings for quick viewing.

How to use your Proceedings CD-Rom (continued)
With this CD-Rom you can also search by author:

User can link from the Index of Program Participants to
pages throughout the CD-Rom as shown above by simply
clicking on the links in the file.

CD-Rom basic training
Blue Text: Indicates links — click on blue text to go
directly to the page indicated.
View Bookmarks (on toolbar): To have
bookmarks appear to the left of the document,
click on the title you want in order to go directly
to that page in the article.
Go Back (on toolbar): To go directly back to
the last page you were viewing click on the
arrow in the toolbar. Or, from the Document
pull-down menu select Go Back anytime you
want to go directly back to the last page you
were viewing.
Hand Tool (on toolbar): To move the page on
the screen, click on the hand button on the
toolbar. Your cursor will change to a hand. Place
the cursor on the page, hold down the left
mouse button and move the mouse.
Zoom in Tool (on toolbar): To enlarge a
specific piece of text, click on the magnifying
glass button on the toolbar. Your cursor will
change to a magnifying glass. Place the cursor on
the text and click. To return to normal view, click
on the page buttons on the toolbar.

Previous Page (on toolbar): To go to the
previous page.
Next Page (on toolbar): To go to the
next page.
Page Buttons (on toolbar): Click on these buttons
to change the size of the page on your screen. From left
to right:
Actual Size: Shows the page in
its actual size.
Fit in Window: Shows the entire page
on your screen.
Fit Width: Shows the page filling the width
of your screen.
Find Tool (on toolbar): Click on the binoculars
button on the toolbar to find a specific word or
phrase in the booklet.
Help: If you have questions about using Acrobat
Reader, click on the Help pull-down menu and select
“Reader Guide.”
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About San Diego, California
San Diego ranked one of the Top Ten U.S. Cities!
Already a natural beauty, San Diego is quickly
becoming one of the nation’s most exciting and
sought-after destinations with a near-perfect climate,
miles of pristine beaches, world-class visitor
attractions and an award-winning convention center.
You’ll find there is always something new and
exciting to discover each time you visit.
San Diego’s fine arts, culture and culinary arts are
making a name for themselves, both nationally and
internationally. Balboa Park, the largest urban cultural
park in the U.S., features 15 museums, numerous art
galleries, beautiful gardens, including the Tony

Award-winning ‘The Globe Theatre’ and the worldfamous San Diego Zoo. The region is also a breeding
ground for the hottest, new talents of culinary arts,
who prepare award-winning meals in many of the
region’s 6,400 eating establishments.
San Diego also features 92 golf courses and a variety
of exciting participatory and spectator sports, luxury
spas, gaming, a dynamic downtown district, annual
events, multicultural festivals and celebrations,
colorful neighborhoods and communities, a rich
military history, accessibility for travelers with
disabilities and much more.

April 29 - May 5, 2006

Walking Map of San Diego, California

ASNR would like to thank NORTHSTAR Travel Media, LLC for the use of their San Diego, California downtown area map.
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General Information
MEETING REGISTRATION

COMMITTEE/SPECIALTY/REGIONAL
Registration will take place in the Lobby Hall B1 in SOCIETY MEETINGS
the San Diego Convention Center. The registration
desk will be open during the following hours:
Friday, April 28 ..............................5:00 pm - 8:00 pm
Saturday, April 29 ..........................8:00 am - 6:00 pm
Sunday, April 30 ............................6:30 am - 6:00 pm
Monday, May 1 ..............................6:30 am - 6:00 pm
Tuesday, May 2 ..............................6:30 am - 6:00 pm
Wednesday, May 3 ........................6:30 am - 6:00 pm
Thursday, May 4 ............................6:30 am - 6:00 pm
Friday, May 5 ................................6:30 am - 11:45 am

Please refer to the Daily Postings on the Meetings &
Announcements Board located in the San Diego
Convention Center.

SPEAKER READY ROOM LOCATION & HOURS

The Message Center locations in the San Diego
Convention Center are Hall B1 Foyer (Ground Level)
and Cityside Corridor (Upper Level). Computer
terminals will be available to registered attendees
that can be used to access/send external email and
to leave internal messages for other attendees
and/or exhibitors.

San Diego Convention Center — Room 3
Friday, April 28 ................................5:00 pm - 8:00 pm
Saturday, April 29 ...........................8:00 am - 6:00 pm
Sunday, April 30 through
Thursday, May 4 ........................6:00 am - 6:00 pm
Friday, May 5 ................................6:00 am - 11:45 am

NAME BADGES

CME PAVILION
San Diego Convention Center — Room 4
Saturday, April 29..........................1:00 pm - 9:00 pm
Sunday, April 30 through
Thursday, May 4 ........................6:30 am - 9:00 pm
Friday, May 5 ..................................6:30 am - 1:00 pm

The Meetings & Announcements Board is located in
Hall A Lobby (Ground Level) in the San Diego
Convention Center. Please refer to the Daily Postings
on the Meetings & Announcements Board for
information on committee meetings.

MESSAGE CENTER

SAN DIEGO CONVENTION CENTER INFORMATION
San Diego Convention Center
111 West Harbor Drive
San Diego, California 92101-7899
Phone: 619-525-5490

COAT CHECK
Hall A Foyer (Ground Level)
Hours of Operation:
Saturday, April 29........................12:00 pm - 6:00 pm
Sunday, April 30 through
Thursday, May 4 ........................6:30 am - 6:30 pm
Friday, May 5 ..................................6:30 am - 1:00 pm

FIRST AID
Hall B1 Foyer (Ground Level)
Hours of Operation:
Saturday, April 29........................12:00 pm - 6:00
Sunday, April 30 ............................6:30 am - 6:00
Monday, May 1 ..............................6:30 am - 8:00
Tuesday, May 2 through
Thursday, May 4 ........................6:30 am - 6:00
Friday, May 5 ................................6:30 am - 12:00

ASNR 44th Annual Meeting

Please wear name badges at all times while you
are attending the scientific sessions, social
programs, and technical exhibits. Badge colors are
identified as follows:
ASNR, ASFNR, ASHNR, ASITN, ASPNR,
or ASSR Member ....................................................Blue
Non-Member ............................................................Green
Fellow/Trainee ..............................................................Tan
Other Professional ................................................Yellow
Guest ..........................................................................Peach
Exhibitor........................................................................Gold
Staff ............................................................................Purple

MEETINGS & ANNOUNCEMENTS BOARD

pm
pm
pm
pm
pm

V

April 29 - May 5, 2006

General Information
EMERGENCY SERVICE PROCEDURE

PHARMACY & DRUG STORES

Within the San Diego Convention Center:
In the event of a medical emergency, please contact
Security Control immediately. Attendees may contact
Security Control by dialing extension 5490 from any
house phone located in the facility. Emergency
personnel will be dispatched immediately to your
location.
The caller should provide the following:
1. Determine name of specific meeting room
or exhibit hall where the situation has occurred.
2. Identify yourself as an ASNR attendee, reference
your exact location, and provide details on the
nature of the emergency situation.
3. Provide a brief but concise description of the
problem, be prepared to answer any questions
that the operator may ask you, and remain on
the line.
Contacting Security Control will greatly minimize
response time in the event an emergency medical
unit needs to report to the Convention Center.
Security personnel can quickly assess the situation
and bring emergency personnel directly to the
scene, saving precious minutes. For this reason,
the San Diego Convention Center management
requests that attendees not contact 911 directly.

Longs Drug
71 Horton Plaza
San Diego, CA 92101
Phone: 619-231-9361
Hours: Monday - Friday, 8:00 am - 7:00 pm
Saturday, 9:00 am - 5:00 pm
Sunday, 10:00 am - 3:00 pm
Rite Aid Pharmacy
427 C Street
San Diego, CA 92101
Phone: 619-233-1666
Hours: Monday - Friday, 9:00 am - 6:00 pm
Saturday, 9:00 am - 5:00 pm
Sunday, CLOSED

NEAREST HOSPITAL
Scripps Mercy Hospital
4077 5th Avenue
San Diego, CA 92103
Phone: 619-294-8111
University of California San Diego (UCSD)
Medical Center - Hillcrest
200 West Arbor Drive
San Diego, CA 92103
Phone: 619-543-6222

NEAREST URGENT CARE
Sharp Rees - Stealy Medical Group
2001 4th Avenue
San Diego, CA 92101
Phone: 619-446-1575
Hours: Daily, 8:00 am - 10:00 pm

VI

(continued)

HOTEL INFORMATION
San Diego Marriott Hotel & Marina
333 West Harbor Drive
San Diego, California 92101-7700
Phone: 619-234-1500
Fax: 619-234-8678

PHOTOCOPY SERVICE
FedEx/Kinko’s Downtown San Diego
111 West Harbor Drive
San Diego, CA 92101
Send Files to: http://docstore.kinkos.com/sandiego
Phone: 619-525-5450
Fax: 619-525-5477
Hours: Mon. - Fri. 8:00 am - 5:00 pm
Sat. and Sun. 9:00 am - 5:00 pm

General Information

(continued)

FOOD SERVICE
ASNR Food Service will be served in Exhibit Hall B1 during
technical exhibition hours or in Cityside Corridor.
Continental Breakfasts, Morning and Afternoon Coffee
Service and Box Lunches are provided complimentary
throughout the week. Please refer to the schedule below.

Continental Breakfast
Sunday, April 30 through
Friday, May 5 ..............Cityside Corridor (Upper Level)

How-To Session Breakfasts
Sunday, April 30 through
Thursday, May 5 ........Ballroom 6ABCF (Upper Level)

MEETING LOCATION:
San Diego Convention Center
NOTE: All scientific sessions and exhibits are
located at the San Diego Convention Center.

Registration
Hall B1 Foyer (Ground Level)

CME Pavilion Terminals
Room 4 (Upper Level)

E-Access/Messaging Center
Hall B1 Foyer (Ground Level)
Cityside Corridor (Upper Level)

How-To Breakfast/Lunch Sessions

Morning Breaks

Ballroom 6ABCF (Upper Level)

Sunday, April 30 through
Monday, May 1 ............Cityside Corridor (Upper Level)

Focus/Scientific Paper Sessions

Tuesday, May 2 through
Thursday, May 4......................Hall B1 (Ground Level)
Friday, May 5 ..................Cityside Corridor (Upper Level)

Box Lunches

Ballroom 6ABCF, Ballroom 6DE,
Room 5AB, Room 1AB (Upper Level)

ELECTRONIC LEARNING CENTER (ELC)
Workshops
Room 2 (Upper Level)

Sunday, April 30 through
Monday, May 1 ..........Cityside Corridor (Upper Level)

Lectures

Tuesday, May 2 through
Thursday, May 4......................Hall B1 (Ground Level)

NATIONAL LIBRARY OF MEDICINE (NLM)
Workshops

How-To Session Lunches

Room 2 (Upper Level)

Sunday, April 30 through
Wednesday, May 4 ......Cityside Corridor (Upper Level)

Afternoon Breaks

EXHIBITS
Scientific Exhibits, Electronic Scientific Exhibits,
Scientific Posters

Saturday, April 29 through
Monday May 1............Cityside Corridor (Upper Level)

Technical Exhibits

Hall A (Ground Level)
Hall B1 (Ground Level)

MISCELLANEOUS
Past-Presidents’ and Executive Committee Office
Room 14B (Mezzanine Level)

Headquarters Office
Room 7AB (Upper Level)

Meetings & Announcements Board

ASNR 44th Annual Meeting

Tuesday, May 2 through
Thursday, May 4......................Hall B1 (Ground Level)

Room 14A (Mezzanine Level)

Ground Level

ABR Exam Room
Room 2 (Upper Level) - Friday, 5/5 Only

Coat Check
Hall A Foyer (Ground Level)

AJNR Desk
Registration Hall B1 Foyer (Ground Level)

First Aid Station
Hall B1 Foyer (Ground Level)

ABR Staff Office
Room 12 (Mezzanine Level)
VII

Optional Tour Desk Hours
San Diego Marriott Hotel & Marina - Warner Center - 4th Floor, South Tower
Saturday, April 29 ..............................................................................................................................12:00 pm – 4:00 pm
Sunday, April 30 through Thursday, May 4 ..............................................................................8:00 am – 12:00 pm

Social Program

April 29 - May 5, 2006

An exciting social program has been planned for registrants and their registered guests during the ASNR
44th Annual Meeting.
Welcome Reception with Technical Exhibitors
Monday, May 1, 2006
6:30pm - 8:00pm

California Dreamin’ Reception
Wednesday, May 3, 2006
6:30pm - 8:00pm

Exhibit Hall B1
San Diego Convention Center

Marina Terrace
San Diego Marriott Hotel & Marina

The Welcome Reception with the Technical Exhibitors offers the
perfect opportunity to get a preview of this year’s Technical
Exhibit, the ASNR’s annual showcase for the newest products and
services for the field of Neuroradiology. Enjoy complimentary predinner hors d’oeuvres and beverages while you learn about the
newest technologies. Connect with old friends, make new ones
and meet representatives from the companies participating in
this year’s technical exhibition.
This casual social setting allows plenty of time for informal
discussion with the company representatives. So bring your
product and service challenges and come in search of solutions
to the place where advanced technology and diagnostic and
interventional neuroradiological excellence come together.
The Scientific Exhibit (poster, scientific and electronic scientific
exhibits) will also be available for viewing throughout the
evening’s reception.

We’re pulling out all the stops to make this beach bash
memorable and fantastic! The spectacular San Diego Marriott
Hotel & Marina creates an ideal backdrop for the perfect classic
California Dreamin’ Party. It’s a terrific way to unwind after a
long day of meetings and an ideal spot to enjoy the waves and
ocean breeze. Besides that, we are treating you to a
scrumptious dining experience. During this evening’s outdoor
reception, you will enjoy an appetizer buffet showcasing the
cuisine that is uniquely California as well as Beach Boy theme
entertainment. Don’t’ forget to save room for chocolate! A
dessert station for “Chocolate Lovers Only” will be very enticing.

Ticket required for admission
A ticket to the Welcome Reception with the Technical
Exhibitors is included in the fee for registration categories that
include Monday, May 1 and in the Guest Hospitality fee.

Guest Hospitality
San Diego Marriott Hotel & Marina
Warnee Center (4th Floor, South Tower)
The Guest Hospitality area, available to ASNR
registered guests, provides complimentary food
service, visitor information and special presentations.
Teens and younger individuals who are with registered
guests, but are not themselves registered, may also
visit the hospitality room. Afternoon snacks and
beverages will be offered on Saturday, April 29.
Continental breakfast and beverages will be available
from Saturday, April 29 - Thursday, May 4 and
continental breakfast only on Friday, May 5.
Guest Hospitality is a great place to start your
mornings and plan the remainder of your day. It’s
an ideal location to see old friends and meet
new acquaintances.
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Ticket required for admission
A ticket to the ASNR California Dreamin’ Reception is included in
the fee for registration categories that include Wednesday, May 3
and in the Guest Hospitality fee.

A representative from the San Diego area will be
available to acquaint you with suggestions on what
to see and do while in San Diego. Be sure to stop
by to pick up visitor information and brochures
available in Guest Hospitality on citywide attractions,
downtown maps, and shopping and restaurant
guides to assist you in planning your week.

GUEST HOSPITALITY HOURS
San Diego Marriott Hotel & Marina
Saturday, April 29 ......................12:00 pm – 4:00 pm
Sunday, April 30 through
Thursday, May 4......................8:00 am – 12:00 pm
Friday, May 5................................8:00 am – 11:00 am

Future ASNR Annual Meetings
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2010
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48th Annual Meeting

May 16 — 22
Vancouver Convention
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Hynes Convention Center
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New York
Second Business Meeting
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First Annual Meeting
October 7, 1963
Queen Elizabeth Hotel
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Second Annual Meeting
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New York
Third Annual Meeting
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Fourth Annual Meeting
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New York
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& Exhibition Centre
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Joint Meeting with American
Association of Neurological
Surgeons

Nineteenth Annual Meeting
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Thirtieth Annual Meeting
May 31-June 5, 1992
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Adam’s Mark

Sheraton-Cleveland Hotel

Cleveland
Eighth Annual Meeting
February 12-13, 1970
Washington Hilton

St. Louis

Forty-Second Annual Meeting
June 7 - June 11, 2004

Twentieth Annual Meeting
October 10-16, 1982
(In conjunction with
XII Symposium
Neuroradiologicum)

Thirty-First Annual Meeting
May 17-20, 1993

Washington State Convention
and Trade Center

Vancouver Trade and
Convention Centre

Seattle

Washington Hilton

Thirty-Second
Annual Meeting
May 3-7, 1994

Washington
Ninth Annual Meeting
May 27-29, 1971

Twenty-First
Annual Meeting
June 5-9, 1983

San Francisco
Tenth Annual Meeting
February 21-24, 1972
Maria-lsabel Sheraton

Mexico City
Eleventh Annual Meeting
May 26-28, 1973
Statler Hilton

Boston

Washington, DC

Chicago

Marriott Hotel

Washington, DC

Fairmont Hotel

St. Francis Hotel

San Francisco
Twenty-Second
Annual Meeting
June 2-7, 1984
Westin Copley Place Hotel

Vancouver

Opryland Hotel and
Conference Center

Nashville
Thirty-Third
Annual Meeting
May 23-27, 1995
Sheraton Chicago Hotel
and Towers

Boston

Chicago

Twenty-Third
Annual Meeting
February 18-23, 1985

Thirty-Fourth
Annual Meeting
June 23-27, 1996

Marriott Hotel

New Orleans
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Twenty-Ninth
Annual Meeting
June 9-14, 1991

Metro Toronto Convention Centre

Washington State Convention
and Trade Center

Seattle

Forty-Third Annual Meeting
May 21-27, 2005
Metro Toronto Convention Centre

Toronto

ASNR Past Presidents and Founders
1962-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84

Juan M. Taveras, MD*
Mannie M. Schechter, MD*
Donald L. McRae, MD*
Ernest H. Wood, MD*
Harold O. Peterson, MD*
Colin B. Holman, MD
Giovanni Di Chiro, MD*
D. Gordon Potts, MD
Norman E. Chase, MD
Fred J. Hodges, III, MD
T. Hans Newton, MD
Hillier L. Baker, Jr., MD
Irvin I. Kricheff, MD
Norman E. Leeds, MD
Sadek K. Hilal, MD*
Stephen A. Kieffer, MD
David O. Davis, MD
George Wortzman, MD
Gabriel H. Wilson, MD
Arthur E. Rosenbaum, MD
O. Wayne Houser, MD

1984-85
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05

Samuel M. Wolpert, MD
R. Thomas Bergeron, MD
Derek C. Harwood-Nash, MD*
Michael S. Huckman, MD
Anne G. Osborn, MD
Joseph F. Sackett, MD
Anton N. Hasso, MD, FACR
R. Nick Bryan, MD, PhD
David Norman, MD
Glenn Forbes, MD
Robert M. Quencer, MD
Robert R. Lukin, MD
Burton P. Drayer, MD
Richard E. Latchaw, MD
A. James Barkovich, MD
Eric J. Russell, MD, FACR
William S. Ball, Jr., MD
William P. Dillon, MD
Patrick A. Turski, MD
Charles M. Strother, MD
Victor M. Haughton, MD

FOUNDING MEMBERS
Norman E. Chase, MD
Giovanni Di Chiro, MD*
William N. Hanafee, MD
Fred J. Hodges, III, MD

Colin B. Holman, MD
Norman E. Leeds, MD
Eugene V. Leslie, MD*
Donald L. McRae, MD*

Thomas H. Newton, MD
Harold O. Peterson, MD*
D. Gordon Potts, MD
Mannie M. Schechter, MD*

Juan M. Taveras, MD*
Ernest H. Wood, MD*
*deceased

He retired from ECMC and the medical school and joined a
classmate and several former residents as a partner of
Southtowns Radiology Associates.

Eugene V. Leslie, M.D., DABR, DABNM, FACR, one of the
fourteen founding members of the ASNR, died at home on
January 16th, 2006 after a long illness. He was born and
raised in Buffalo, Son of Jeannie Donald Leslie and William
Leslie, graduated from P.S. 61 and Kensington High School.
He attended the University of Pennsylvania to study
Japanese language and culture before being stationed as
an investigator for the Army CID in Japan during the
occupation after World War II. He then graduated from the
University of Buffalo and the University of Buffalo School of
Medicine. He did his residency in radiology at the E. J.
Meyer Memorial Hospital (the Meyer) and further training
in London, England with Drs. John Bull and John Alcock, as
the first recipient of the NIH fellowship for training in
neuroradiology outside the United States. He became
Director of Radiology at the Meyer and subsequently at Erie
County Medical Center (ECMC) and Professor and
Chairman of the Department of Radiology of the SUNY
Buffalo School of Medicine. He served as president of the
Buffalo Radiological Society. A dedicated educator, he
organized the society’s well-attended weekly case reviews
for many years. Those sessions became an essential
component of the residency training program and a valued
educational forum for practicing radiologists. He served, as
medical staff president at ECMC, was a member of the
Radiological Society of North America and the British
Institute of Radiology, and a founding member and
Secretary of the American Society of Neuroradiology.

He is survived by his beloved wife Faith and his children
and their families: Joyce Leslie and Steven Valloney, Lynn
Leslie and her children Leana, Luke and Sam, Denise Leslie
and Bob Tash, Gregg and Nancy Leslie and Kathleen QuinnLeslie and her children Lauren and Joseph. Two of his
daughters (Joyce and Denise) became physicians, and
daughter Denise and her husband, Bob Tash are
neuroradiologists and ASNR senior members. He is
predeceased by his brothers Dr. W. Donald Leslie and Dr.
John Leslie and his sister Irene Keiser. He is survived by his
sister June Jamison (Donald) and brother Dr. Malcolm
Leslie (Beverly) and many nieces and nephews. His
passions included the Buffalo Bills, water skiing, flying small
planes, curling, sailing, downhill skiing, tennis, live theater,
worldwide travel and dancing with every woman in the
room. A real people person, he coordinated and hosted
innumerable social events for friends, family and
organizations. He served as president of the Buffalo Curling
Club, Commodore of the Buffalo Yacht Club and
Commodore of the Buffalo Canoe Club and was an
enthusiastic Buffalo booster. Gene Leslie was an eternal
optimist, and was referred to in jest as “Genius Optimus”.
Humor, encouragement and kindness were central to his
relationships. There are scores of people who feel their
lives have been enriched by his generous spirit.
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IN MEMORIAM
EUGENE V. LESLIE, MD, DABR, DABNM, FACR

Written (along with sisters Joyce and Lynn) by Denise Leslie, MD
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Awards and Honors
2006 ASNR Gold Medal Awards
The Gold Medal fosters the highest standards of the American Society of Neuroradiology,
based on exceptional quality, service, and excellence, and not necessarily on fame. It
emphasizes both professional and personal attributes… individuals who are superb
neuroradiologists, clinicians, or scientists, and truly outstanding. The recipients are
individuals who have extended themselves beyond furthering their own careers through
contributions at all levels of professional strata, with an accent on consistency and duration
of these outstanding contributions.
R. Nick Bryan, MD, PhD, FACR

April 29 - May 5, 2006

Even as a small child, Robert Nicolas
(Nick) Bryan knew that he wanted to
be a doctor; he also knew that he
wanted to study the brain. After
growing up in Texas, he went East to
do his pre-med undergraduate work
at The Johns Hopkins University in
Baltimore, but returned to Texas for
medical school. Dr. Bryan earned
two advanced degrees from the
University of Texas in Galveston: his
MD in 1969 and his PhD in anatomy
in 1973. From 1969-1973, he served his internships and
residencies in radiology, then an NIH post doctorate fellowship
under Dr. W.D. Willis of the Marine Biomedical Institute.
Dr. Bryan returned East again in 1973 as an NIH Special Fellow in
neuroradiology at the Neurological Institute of New York with Dr.
E.H. Wood. The following year he was commissioned as a
Lieutenant Commander in the U.S. Navy. He served for 2 years
at the National Naval Medical Center in Bethesda, MD, where he
was Chief of both the Neuroradiology Department and Special
Procedures Lab. In 1976, a civilian once more, Dr. Bryan
accepted the position of Associate Professor of Clinical Radiology
at Columbia University and associate attending radiologist in the
New York Neurological Institute/Presbyterian Hospital where he
received invaluable mentoring from Dr. Sadek Hilal.
In 1977 he became Director of Neuroradiology at Houston’s
Methodist Hospital, and an assistant professor in radiology at
Baylor College of Medicine. In his first year at Baylor he was
awarded an associate professorship and in 1983 he was elevated
to full professor.
After more than a decade in Texas, Dr. Bryan returned East. In
1988 The Johns Hopkins University, offered him positions at its
School of Medicine: Professor of Radiology and Neurosurgery,
Director of its Neuroradiology Division, and eventually (1996)
Vice Chairman of the Department of Radiology. In 1998 he
was appointed Director of Diagnostic Radiology and Associate
Director, Radiologic and Imaging Sciences Program, Warren
Grant Magnuson Clinical Center, at the National Institute
of Health.
In 1999 Dr. Bryan relocated to Philadelphia, PA, when he was
named to his current positions, Eugene P. Pendergrass
Professor and Chair of Radiology at the University of
Pennsylvania School of Medicine.
In addition to his
administrative functions with the University of Pennsylvania
Health System, he continues to teach residents and fellows and
to serve as an attending neuroradiologist.
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Throughout his multifaceted career, Dr. Bryan never lost his
fundamental interest in original research work, particularly in the
field of neuroradiology. He has been enabled by significant
support from grants, issuing from both the federal level and from

private foundations, to pursue investigations as principal
investigator. These studies have been focused primarily on 1)
radiological contrast agents, 2) MR imaging of vascular diseases
and stroke, and more recently, 3) computer-aided analysis of
medical imaging.
Dr. Bryan’s bibliography reflects his research accomplishments:
169 studies published in peer-reviewed journals, 30 editorials,
33 book chapters, and collaboration on several editions of a
specialty textbook, plus three brain atlases released in CD format.
In alternative media, his credits include a videotape and short
film relative to neurological imaging, released in 1990 and 1999,
respectively. Dr. Bryan also has served on the editorial boards
for numerous scientific journals.
Dr. Bryan has been a member of the executive boards of: the
American College of Radiology, the International Society of
Magnetic Resonance in Medicine, the American Society of
Neuroradiology (ASNR), the Radiological Society of North
America, and the Academy of Radiological Research. He also has
served as president of the ASHNR (1984-85), ASNR (1991-92),
and RSNA (2001-02). Under his presidency, ASNR became a
more active participant within organized medicine, including
AMA membership. In addition he facilitated the establishment of
subspecialty groups within ASNR.
Dr. Bryan has participated in numerous government study
sections and advisory committees, chaired committees specific
to his successive academic affiliations, and was program
chairman for the XVI Symposium Neuroradiologicum. As a
visiting professor he has given approximately 50 lectures by
invitation throughout the United States and abroad, including
Japan, Italy, Great Britain, Mexico, Australia, and Brazil. Dr. Bryan
is an honorary member of the Japanese Society of
Neuroradiology and the European Society of Radiology, was
accepted into the Alpha Omega Alpha Honorary Medical Society
(1969), selected to receive the George Sealy Memorial Award in
Research in Neurology (1972), and recipient of a Fulbright
Senior Fellowship (1994-1995). The Fulbright grant allowed
him to take a hiatus from his tenure at the Johns Hopkins
School of Medicine to spend a year in Marseilles, France, where
he worked with Dr. George Salamon and Professor Jean
Talairach on digital brain atlases.
Dr. Bryan continues to direct the Department of Radiology at the
Hospital of the University of Pennsylvania School of Medicine and
consistently seeks new research challenges. He is currently
principal investigator for two major long-term studies, both
relative to brain structure as reflected by MR imaging.
Dr. Bryan and his wife Jean have been married for 40 years and
have two adult children, Robert (Bobby) and Nicole, both
married, and one grandchild (Nevin). The Bryans actively enjoy
the cultural offerings of Philadelphia, including some of its fine
lecture series, concerts, and cuisine. Dr. Bryan is also a sports
buff: he plays squash and tennis, and is an avid baseball fan.

Awards and Honors
2006 ASNR Gold Medal Awards
Charles W. Kerber, MD
Despite coming from a poor rural
farming background in Western
Pennsylvania, Chuck Kerber was
able to avoid the coal mines to the
south and the steel mills to the
north by means of a full academic
scholarship at the University of
Pittsburgh. The scholarship was
given by the Western Pennsylvania
Golf Association to the caddie with
the most outstanding academic
achievement.
Chuck majored in physical chemistry at Pittsburgh, was selected
to the Alpha Epsilon Delta honors premedical society, and lettered
in gymnastics. He then attended, and was an A.O.A. graduate of
the University of Pittsburgh Medical School, where he spent
summers working in a surgical research laboratory, co-authoring
his first scientific paper; prophetically it investigated then evolving
techniques of clot lysis.
After a surgical internship, Chuck volunteered for training as a
Navy flight surgeon. This training included the same basic flight
training given to all naval aviators and instilled a lifelong love for
flying that continues to this day. During his tour of duty with the
Marines, while flying in the back seat of a jet fighter, the pilot
crashed on takeoff and Chuck, although able to eject, still suffered
near fatal burns and other injuries requiring hospitalization for 20
months. The experience, he says, taught him compassion,
humility, and “just how short life can be.”

After a year in the private practice of Radiology, Chuck was
awarded an NIH Research Fellowship in neuroradiology under
Hans Newton at the University of California, San Francisco. Here
he began to enjoy teaching and writing, contributing scientific
papers and the book chapter on angiographic techniques in the
classic Newton and Potts Neuroradiology textbook.
Chuck then joined the faculty at the University of Oregon. While
at Oregon in the early 1970’s, and with the encouragement of his
neurosurgical colleagues, Chuck developed flow directed silicon
catheters, a calibrated leak balloon catheter system and a small

Chuck was the seventy-ninth member to join the American
Society of Neuroradiology. In 1974, he invited 15 American and
French interventionalists to meet in Santa Barbara. The group
began to grow and met annually, eventually becoming known as
the World Federation of Interventional and Therapeutic
Neuroradiology. Chuck has also been very active in and is a pastpresident of the American Society of Interventional and
Therapeutic Neuroradiology.
Chuck came to the University of California, San Diego, in 1980 and
does not plan to ever retire from that institution or from
Neuroradiology. At age 67, he became one of the very first
neuroradiologists to take and pass the C.A.Q. recertification exam.
He expects to be among the first to take and pass the exam in
2014 as well.
Chuck Kerber has been awarded the Outstanding Paper of the
Year Award at the 1977 ASNR meeting. He has mentored his
fellows and co-authored the ASNR Dyke award winning papers in
1978 and 1998. He has been awarded the Gabriel Wilson award
for the outstanding paper at the Western Neuroradiology Society
in1991 and 1998.
At UCSD, Chuck continued his investigations into flow
dynamics to both try to understand the pathophysiology of
aneurysms and arteriovenous malformations and to plan how
to treat them. He has devised techniques to make both
physical and computer replicas of cadaver vascular
malformations and aneurysms by taking the diseased vessels
from fresh cadavers and making synthetics molds of them.
Chuck developed a closed pulsatile flow system so he could
study the flow dynamics of these lesions in both clear tubing
with dyes as well as with MRI and CT contrast-enhanced
imaging. Chuck has also developed a safe effective method for
intra-arterial chemotherapy delivery to head and neck cancers.
Though a devoted teacher of residents and fellows and a stickler
for clear, concise, thinking and writing, he makes it clear to all that
he feels he has learned more from his fellows and residents than
he has taught.
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During that hospitalization, he decided upon a career in
Radiology, completing his residency under Elliot Lasser at the
University of Pittsburgh. Chuck cites Helen Redman, an early
pioneer in angiography, as his particular mentor during residency.
It was she who kindled his interest in interventional work.

gauge guide wire. At this time, in the early 1970’s, Chuck also
performed intracranial embolizations using liquid adhesive
material and performed the first angioplasty of the carotid artery
(by the Dotter Catheter Technique) with two colleagues. During
these years Chuck also developed polyvinyl alcohol particles for
therapeutic embolization.

Past ASNR Gold Medal Award Recipients
1995
Juan M. Taveras, MD*
T. Hans Newton, MD
1996
Sadek K. Hilal, MD*
Giovanni Di Chiro, MD*
1997
Derek C. Harwood-Nash, MB, ChB.,
DSc, FRCPC, FACR, RCRAD(SA)*
1998
Irvin I. Kricheff, MD
D. Gordon Potts, MD

1999
Grant B. Hieshima, MD
Michael S. Huckman, MD
2000
Hillier L. “Bud” Baker, Jr., MD
2001
O. Wayne Houser, MD
J. Arliss Pollock, MD
2002
R. Thomas Bergeron, MD
David O. Davis, MD

2003
Norman E. Leeds, MD, FACR
Anne G. Osborn, MD, FACR
2004
Ralph Heinz, MD, FACR
Stephen A. Kieffer, MD, FACR
2005
Samuel M. Wolpert, MD

*deceased
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Awards and Honors
2006 ASNR Honorary Member
Georges Salamon, MD
Marseilles, France and the University
of California Los Angeles
Georges Salamon received his
medical training and performed his
Neurologic Residency in Marseilles.
He was a pupil of Professor Henri
Gastaut in Neurology, and Dr.
Robert Naquet in Neurophysiology.
During this time, Professor Gastaut
asked him to begin a new
development in neurosciences,
Neuroradiology. He worked in Paris
as a pupil of Professor Herman Fischgold, and achieved his
specialization at the Serafimer Hospital in Sweden, followed by
Karolinska with Professor Eric Lindgren. In addition, he improved
his knowledge at Columbia University in New York with Juan
Taveras, then Ernest Wood and Sadek Hilal, at Mount Sinai with Y.
Peng Huang, Cornell University with Gordon Potts, and New York
University with Norman Chase, Irvin Kricheff, and Norman Leeds.
Subsequently, Dr. Salamon worked at Massachusetts General in
Boston with Paul New, at the new Unit of Neuroradiology led by
Giovanni Di Chiro in Bethesda, at the University of California San
Francisco with Hans Newton, and the University of California Los
Angeles with William Hanafee and Gabriel Wilson.

In 1966, he created the INSERM Research Unit (the equivalent of
NIH) under Professor Gastaut. –This was a laboratory devoted to
the anatomic basis of neuroimaging. In this laboratory Dr.
Salamon performed some vascular research under the guidance
of Dean Guy Lazorthes from Toulouse. Dr. Salamon was awarded
the position of Chairman of Radiology in Marseilles in 1972. In
Paris, after the discovery of PET, Dr. Salamon started work as the
Anatomic Consultant in the Atomic Commission Center of Orsay,
under the direction of Andre Syrota.
During his scientific life in France, he published an Atlas of Arteries
of the Human Brain, and with Y. P. Huang published a book on
Radiologic Anatomy of the brain. He was the main author of 250
publications, and directed several INSERM symposia on Anatomy
and Neuroradiology, held in collaboration with his colleagues
from the United States, United Kingdon, Germany, Sweden,
Japan, and France. Among his French colleagues were Jean Marie
Caille, Rene Djindjian, Andre Gouaze, Jacques Laffont, Claude
Manelfe, Charles Raybaud, and Luc Picard. In years past, Dr.
Salamon attended many ASNR meetings and presented many of
his research works. He was the guest speaker at the ASNR Annual
Meeting in Boston in 1983. He also gave many lectures in the
main countries of the world.
Dr. Salamon and his wife Noriko have resided in the United
States for the past 11 years. Noriko is an Assistant Professor of
Radiology in the section of Neuroradiology at the University of
California Los Angeles.

April 29 - May 5, 2006

Past ASNR Honorary Member Recipients
Torsten Almen, MD
James W. Bull, MD*
Graeme M. Bydder, MD, ChB
M. Paul Capp, MD
Sten Cronqvist, MD*
B. G. Ziedses des Plantes, MD*
George du Boulay, MD*
Richard R. Ernst, MD
Torgny V. B. Greitz, MD
Godfrey N. Hounsfield, PhD*
Yun Peng Huang, MD
Ian Isherwood, MD
Pierre Lasjaunias, MD, PhD

Paul C. Lauterbur, PhD
Dennis LeBihan, MD, PhD
Marco Leonardi, MD
Erik Lindgren
Claude H. Manelfe, MD
Joseph Ransohoff, MD*
Jesus Rodriguez-Carbajal, MD
Lee F. Rogers, MD
Prof. Lucy Balian Rorke
Michael Radford Sage, MD,
FRANZCR, FRCR, FRCPC (Lon),
FRCPC (Ed), FHKCR (Hon)
George Schuyler

S. I. Seldinger, MD
Fjodor Serbinenko, MD
Mutsumasa Takahashi, MD
Michel Ter Pogossian, MD*
Galdino E. Valvassori, MD
Marjo S. van der Knaap, MD
Prof. Jacqueline Vignaud
M. Gazi Yasargil, MD
Ian R. Young, BSc, PhD
Professor Luc Picard

*deceased

Awards and Honors
The Neuroradiology Education and Research (NER) Foundation Award for
Outstanding Contributions in Research
This award, created in 2004 in recognition of
consistent excellence and lifelong accomplishment
in basic or clinical neuroscience research, is given
to an ASNR senior member over the age of 50
recognized in the neuroradiology field for
distinguished long term achievement in basic or
clinical research.
XIV

No award is being given in 2006.
Past Award Recipients:
2005 Dixon M. Moody, MD, FACR
2004 Robert I. Grossman, MD

Awards and Honors
ASNR 2005 Outstanding Presentation Awards
ASNR is pleased to announce the winners of the Outstanding Presentation Awards given annually to the
top paper or poster presentation from the prior Annual Meeting in general neuroradiology and the four
neuroradiology specialties. A $1,000 award was given to each winner.
General Neuroradiology
Interventional Neuroradiology
PAPER 488: Cerebral Blood Volume Predicts Patient Outcome
(The Michael Brothers Memorial Award)
Better than Histopathology in Low-Grade Gliomas Using
Dynamic Susceptibility Contrast Perfusion MR Imaging

PAPER 160: Angioplasty of Intracranial Stenosis: Long-Term
Clinical Outcome

Law, M. • Oh, S. • Babb, J. • Wang, E. • Inglese, M. •
Zagzag, D. • Knopp, E. • Johnson, G.

Marks, M. P.1 • Wojak, J. C.2 • Al-Ali, F.3 • Jayaraman, M. V.1
• Marcellus, M. L.1 • Connors, J. J.4 • Do, H. M.1

New York University Medical Center, New York, NY

1Stanford University Medical Center, Stanford, CA

Berlex Best Paper Award in General
Neuroradiology

2Our Lady of Lourdes Regional Medical Center, Lafayette, LA
3Borgess Medical Center, Kalamazoo, MI

PAPER 219: Beyond the Diffusion Tensor: 3 T Parallel High
Angular Resolution Diffusion Imaging of Complex White Matter
Architecture in the Human Brain

4St. Joseph’s Hospital, Tampa, FL

Hess, C. P.1 • Mukherjee, P.1 • Han, E. T.2 •
Xu, D.1 • Vigneron, D. B.1
1University of California, San Francisco, San Francisco, CA,
2General Electric Applied Sciences Lab West, Menlo Park, CA

Functional Neuroradiology
PAPER 229: Pitfalls in Lactate Measurements with MR
Spectroscopy at High Field Strength

Dydak, U.1 • Lange, T.1 • Alexander, A. L.2 •
Roberts, T. P. L.3 • Rowley, H.2 • Boesiger, P.1
1University and ETH Zurich, Zurich, SWITZERLAND
2University of Wisconsin, Madison, WI
3University of Toronto, Toronto, ON, CANADA

Head and Neck Radiology
PAPER 27: Absent Semicircular Canals in CHARGE Syndrome:
Radiologic Spectrum of Findings

PAPER 435: Development of Visual Spatial Integration in
Children: A Combined Functional MR Imaging/Magnetization
Transfer Imaging Study

Maeder, P. P. • Fornari, E. • Knyazeva, M. G. •
Martuzzi, R. • Meuli, R. A.
Centre Hospitalier Universitaire Vaudois, Lausanne,
SWITZERLAND

Spine
PAPER 358: Spinal Cord Diffusion Tensor Imaging and Fiber
Tracking Can Identify White Matter Tract Disruption and Glial
Scar Orientation Following Partial Hemisection

Schwartz, E. D.1 • Duda, J.1 • Cooper, E.2 •
Shumsky, J. S.2 • Gee, J. C.1
1University of Pennsylvania, Philadelphia, PA
2Drexel University College of Medicine, Philadelphia, PA

1University of Utah, Salt Lake City, UT
2University of Michigan Health System, Ann Arbor, MI
3University of Michigan, Ann Arbor, MI
4Emory University, Atlanta, GA
5Primary Children’s Hospital, Salt Lake City, UT

Awards and Honors
2005 Regional Society Awards
The American Society of Neuroradiology is pleased to announce the recipients of the 2004 Regional Society
Awards. These individuals were selected by the respective regional societies as having the best presentation
at each society’s 2005 Annual Meeting.
Eastern Neuroradiological Society
(ENRS) (The Norman E. Leeds Award)

Southeastern Neuroradiological Society
(SENRS)

Western Neuroradiological Society
(WNRS) (The Gabriel H. Wilson Award)

“Quantification of carotid stenosis with
updated vascular imaging techniques”

“Non-Squamous and Non-Dental Pathology
of the Oral Cavity”

Allan J. Fox, MD, FRCPC, FACR

Wendy R.K. Smoker, MD, FACR

University of Toronto
Toronto, Canada

University of Iowa Hospital and Clinics
Iowa City, Iowa

“Quantitative Short Echo Time in 1-Hour
Magnetic Resonance Spectroscopy of
Pediatric Pontine Gliomas: Diagnosis
and Characterization”

ASNR 44th Annual Meeting

Morimoto, A. K.1 • Wiggins, R. H.1 • Mukherji, S. K.2 •
Telian, S. A.3 • Hudgins, P.A.4 • Hedlund, G. L.5 •
Hamilton, B.1 • Harnsberger, H. R.1

Pediatric Neuroradiology
(The Derek Harwood-Nash Award)

Hollie A. Jackson, MD
Children’s Hospital of Los Angeles
Los Angeles, California
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Awards and Honors
2006-2007 Berlex/NER Foundation Fellowship in Basic Science Research Award
This fellowship, first awarded in 1986, was created by
the ASNR with the support of Berlex Laboratories to
stimulate the scientific development of promising
young men and women, and to aid them in
embarking on a career in academic radiology. It is
specifically designed to provide educational
opportunities for young radiologists who are not yet
professionally established in the radiologic sciences
to gain further insight into scientific investigation, and
to develop competence in research.
These
fellowships are jointly sponsored by Berlex
Laboratories, Inc. and the Neuroradiology Education
and Research (NER) Foundation of the American
Society of Neuroradiology.

The recipients of the 2006-2007 fellowships are:
Michelle S. Bradbury, MD, PhD
Memorial Sloan Kettering Cancer Center
“In Vivo Monitoring of Human Embroyonic Stem Cellderived Grafts in the Central Nervous System of Living
Animals Using Optical Imaging Technologies”
Edwin Wang, MD
New York University School of Medicine
“In Vivo Imaging of the Epidermal Growth Factor
Receptor with a Bimodal MRI/Optical Contrast Agent”

Past Berlex/NER Foundation Fellowship in Basic Science Research Award Recipients
1986-87

1991-92

Jeremy B. Rubin, MD,
Stanford University Medical Center

Steven N. Breiter, MD, The Johns Hopkins Hospital

“New Methods Using MRI to Assess Ventricular Shunt Function
and Measure Intravenous Pressure Non-invasively in Patients
with Ventricular Shunt Catheters”
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1987-88
No Award
1988-89
Apichai Jarenwattananon, MD,
University of Wisconsin Medical Center
“In-Vivo Sodium MRI (Na-MRI) in Canine Model of Status
Epilepticus”

Warren A. Stringer, MD,
Loma Linda University Medical Center

Frank J. Lexa, VII, MD, University of Pennsylvania
“MRI Demonstration of Axonal Transport in the
Mammalian CNS”

1992-93
Michael A. Kraut, MD, PhD,
The Johns Hopkins Hospital
“Lactate Production and Metabolism in Cerebral Activation”

Brian W. Chong, MD,
University of California at San Diego
“A Search for Hidden MRI Flow Patterns in Human
Cranial Vessels”

“Evaluation of the Relationships Between Cerebral Perfusion,
Ventilation, and Intracranial Pressure by Xenon-enhanced
Computed Tomography in Children with Cerebral Edema”

1993-94

1989-90

“Mechanisms of the Phase Enhancement Effects of BolusInjected Paramagnetic Contrast Agents and Applications in
Quantitative Cerebral Blood Volume and Flow Imaging”

Todd Lempert, MD,
University of California atSan Francisco
“Evaluation of the Healing Response to Thrombogenic Coil
Occlusion of Experimental Aneurysms”

1990-91
Lori L. Baker, MD,
Stanford University Medical Center
“Evaluation of MR Diffusion Imaging Versus Magnetic
Susceptibility Enhanced Mapping of Perfusion Pool in Regional
Cerebral Ischemia”

Lee H. Monsein, MD,
The Johns Hopkins University School of Medicine
“Primate Model of Reversible Regional Cerebral Ischemia”

XVI

“Proton MRS in the Determination of Lactic Acid Concentration
in Seizures, Both Human and Animal”

Thomas E. Conturo, MD, PhD,
The Johns Hopkins Hospital and Johns Hopkins University

John P. Karis, MD, Barrow Neurological Institute
“Epilepsy Localization: Advanced High Resolution MRI-PET FDG
Correlation”

1994-95
Jerry Burke, MD, Bowman Gray School of Medicine
“Serial Positron Emission Tomography and Functional MR
Imaging of Stroke”

Robert Fulbright, MD,
Yale University School of Medicine
“Functional MR Imaging of the Spine”

Awards and Honors
Past Berlex/NER Foundation Fellowship in Basic Science Research Award (Continued)
1995-96

2002-03

Norman J. Beauchamp, MD,
The Johns Hopkins Hospital

John G. Dalle, DO,
University of Utah School of Medicine

“The Natural History of ‘Areas of Risk of Infarction’ as Defined
by Perfusion MRI and MR Spectroscopy”

“Polymer-Chelate Conjugates for Diagnostic Cancer Imaging”

Anthony Masaryk, MD,
University of Wisconsin-Madison
“Analysis of Aneurysm Hemodynamics Using MRI/MRA
Morphology and Flow Measurements Correlated with
Hemodynamic Numerical Analysis and Simulation”

1996-97
Joseph T. Lurito, MD, PhD,
The Johns Hopkins Hospital

Christopher Lascola, MD, PhD,
Duke University Medical Center
“Magnetic Resonance Imaging of Spreading DepressionInduced Reactive Gliosis in Mice”

2003-04
Dheeraj Gandhi, MD,
University of Michigan Health System

“Functional MRI and Electrophysiologic Correlates of
Sub-modality Specific Somatosensory Activation”

“Can the Choline/Creatine Ratio Predict Early Treatment
Response of Head and Neck Squamous Cell Carcinma
Treated with Radiation Therapy in an Animal Model: A
Prospective Study”

Jeffrey L. Sunshine, MD,
University Hospitals of Cleveland

Susan M. Kealey, MD,
Duke University Medical Center

“Early Identification of Ischemic Penumbra by Diffusion and
Perfusion MR in Acute Stroke”

“Correlation of MR Permeability Measurements with
Histologic Markers of Angiogenesis in Rodent High-Grade
Brain Tumors Before and After Treatment with
Antiangiogenesis Agent PTK 787”

1997-98
Huy M. Do, MD,
University of Virginia Health Sciences Center

2004-05

“The Neuroprotective Effect of Intraarterial Nerve Growth Factor
(HGF) in a Rabbit Embolic Stroke Model”

Tuong Huu Le, MD, PhD
University of California, San Francisco

1998-99

“Structural and Functional Correlates of Axonal Shearing in
Traumatic Brain Injury: A Combined DTI, fMRI and
MSI Study”

William F. Marx, MD, University of Virginia
“Endovascular Treatment of Experimental Aneurysms Using
Biologically Modified Embolic Coils: Promotion of Permanent
Occlusion via Intra-aneurysmal Fibroblast Delivery”

1999-00

“Meg-Constrained High-Resolution Surface-Coil MR Imaging
and MR Spectroscopy for Evaluating Medically Refractory
Epilepsy”

John G. Short, MD, University
of Virginia
“Induction of Spinal Interbody Fusion Using Gene Therapy
Tissue Engineering Techniques”

2000-01
John Port, MD, PhD,
The Johns Hopkins Medical Institution
“Imaging Selective Attention Mechanisms”

“Identification of Unstable Atheroscelerotic Plaque at the
Carotid Bisfurcation Using High-Resolution CT-PET Imaging:
Correlation to Histopathology and Patient Symptoms”

2005-06
Srinivasan Mukundan, Jr., PhD, MD
Duke University Medical Center
“Toward the Development of a Nanoscale, Target-Specific
Liposomal Platform Technology for Computed Tomography
Based Molecular Imaging”

Max Wintermark, MD
University of California, San Francisco
“Morphometric and Functional Characterization of
Atherosclerotic Carotid Disease by Multidetector-Row CTAngiography: A Comparative Study with Ex Vivo Histology
and Imaging”

ASNR 44th Annual Meeting

Kevin R. Moore, MD,
University of Utah Center for Advanced Medical
Technology

Whitney B. Pope, MD, PhD
David Geffen School of Medicine at University of
California, Los Angeles

Eric Schwartz, MD,
Hospital of the University of Pennsylvania
“Diffusion-based MR Imaging in a Rat Spinal Cord Following
Injury and Transplantation”

2001-02
Pratik Mukherjee, MD, PhD,
Mallinckrodt Institute of Radiology, Washington University
School of Medicine
“Comparison of Magnetic Resonance Imaging and Positron
Emission Tomography in the Study of
Cerebral Hemodynamics”
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Awards and Honors
Neuroradiology Education and Research (NER) Foundation Scholar Award in
Neuroradiology Research*
Since 1995, the NER Foundation has been in the
process of raising funds to support neuroradiology
research. This is one of the most important goals of
the NER Foundation, and of the ASNR as the premier
organization for neuroradiology. This award was
created for young investigators in the early stages of
their careers, to enhance their competency in areas
important to the future of neuroradiology, including
health services research, physiological imaging and
interventional neuroradiology. It also affords the
Foundation the opportunity to begin to develop
leadership in these areas.

The recipient of the 2006 award is:
Erin Simon Schwartz, MD
Children’s Hospital of Philadelphia, Neuroradiology
“ A Comprehensive MR Assessment of Fetal
Physiologic Well-Being”

Past NER Foundation Scholar Award in Neuroradiology Research Recipients
1999

2002

2005

L. Santiago Medina, MD, MPH
Children’s Hospital Medical Center,
Cincinnati, OH

James D. Eastwood, MD
Duke University Medical Center,
Durham, NC

Donna R. Roberts, MD
University of California, San Francisco

“The Role and Cost-Effectiveness of
Imaging in Newborns with Suspected
Occult Spinal Dysraphism”

“CT Perfusion Imaging in Subarachnoid
Hemorrhage Related Vasospasm”

2000

April 29 - May 5, 2006

Melanie B. Fukui, MD
University of Pittsburgh Medical
Center, Pittsburgh, PA

2003

“The Assessment of Image-guided
Transcranial Magnetic Stimulation as
an Adjuvant to Extradural Cortical
Stimulation for the Treatment of
Chronic Facial Pain”

Steven G. Imbesi, MD
University of California, San Diego
Medical Center, San Diego, CA

Steven G. Imbesi, MD
University of California, San Diego
Medical Center

“Carotid Stenosis Evaluation: CostEffectiveness of Computed Tomographic
Angiography vs. Magnetic Resonance
Angiography”

“Alteration of Intracranial Aneurysm Flow
Dynamics: Development and Evaluation
of Potential Neurointerventional
Endovascular Treatment Regimens
of Wide Necked Aneurysms”

2001

2004

Soonmee Cha, MD
New York University Medical Center,
New York, NY

Pratik Mukherjee, MD, PhD
University of California San Francisco,
San Franciso, CA

“Dynamic Contrast Enhanced T2*weighted MRI and Histopathological
Assessment of Experimental Glioma”

“Diffusion Tensor MR Imaging and
Quantitative Tractography of Brain
Development in Premature Newborns”

“Alteration of Intracranial Aneurysm Flow
Dynamics: Development and Evaluation
of Potential Neurointerventional
Endovascular Treatment Regimens
for Wide Necked Aneurysms”

Awards and Honors
Neuroradiology Education and Research (NER) Foundation Outcomes
Research Grant Related to CT and MR Perfusion
This grant is targeted to the characterization of brain
tumors and specifically, the differentiation of
neoplastic from nonneoplastic condition, effect of
MRS on need for biopsy or the election of a biopsy
site, and evaluation of MRS in radiation necrosis.

The recipient of the 2006 grant is:
James M. Provenzale, MD
Duke University School of Medicine
“Systematic Review of CT and MR Perfusion
Imaging for Brain Tumor and Stroke”

Past Neuroradiology Education and Research (NER) Foundation Outcome Research
Grant Recipient
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2005
William Hollingsworth, PhD
University of Washington
“Systematic Literature Review of Magnetic Resonance
Spectroscopy (MRS) of the Characterization of
Brain Tumors”

Awards and Honors
2006-2007 NER Foundation/Boston Scientific Fellowship in Cerebrovascular Disease Research
Established in 2002, this fellowship expanded
eligibility to allow both neuroradiology fellows and
all faculty at the Assistant Professor level to apply.
It was created to provide an opportunity for a
young neuroradiologist to pursue research in a
topic that will advance the diagnosis and
treatment of cerebrovascular disease, and is
supported by Boston Scientific.

The recipient of the 2006-2007 fellowship is:
Albert Yoo, MD
Massachusetts General Hospital, Boston
“Predicting Clinical Outcomes of Intra-arterial
Thrombolysis in Acute Stroke Using
Diffusion/Perfusion MRI”

Past NER Foundation/Boston Scientific Fellowship in Cerebrovascular Disease Research Award Recipients
2003-04

2005-06

Joshua Shimony, MD, PhD
Washington University School of Medicine, St. Louis

Donna Hoghooghi, MD
University of California, San Francisco

“Improved MR Methods for Evaluation of Brain Perfusion in
Patients with Carotid Stenosis”

“Extent and Effectiveness of Embolization and Determination
of Vascular Supply in Meningiomas Using a Combined
Interventional X-ray/MR Flouroscopy Suite”

2004-05
Timothy J. Kaufmann, MD
Mayo Clinic and Foundation, Rochester, MN
“A Prosective Clinical Trial of 3.0T MR Angiography in
the Follow-up of Intracranial Aneurysms Treated with
Endovascular Coils”

Awards and Honors
2006 ASNR Cornelius G. Dyke Memorial Award
This award was established to honor Cornelius G. Dyke, one of the pioneers in neuroradiology, and is
given to a trainee or junior faculty member in neuroradiology for excellence as demonstrated in a paper,
which represents original, unpublished research in some aspect of neuroradiology.
The recipient of the 2006 award is:
Ashok Panigrahy, MD
Children’s Hospital Los Angeles
“Quantitative Short Echo Time 1H Magnetic Resonance
Spectroscopy of Untreated Pediatric Brain Tumors:
Pre-operative Diagnosis and Characterization”

ASNR 44th Annual Meeting

Dr. Ashok Panigrahy graduated
from Boston University in
1992 with a Bachelor of Arts
degree in Political Science.
He graduated from Boston
University School of Medicine
in 1998 during which he
spent two years as a Howard
Hughes Research Fellow at
Boston Children’s hospital in
developmental neuroscience.
He went on to Diagnostic
Radiology residency at UCLA School of Medicine
where he was chief resident and received the RSNA
Resident Roentgen Resident Award. He completed
his neuroradiology fellowship in 2003 at UCLA and
a pediatric neuroradiology/pediatric radiology
fellowship at Children’s Hospital Los Angeles in 2004
where he has continued and is currently an Assistant
Professor. He has recently been awarded a NIH
pediatric research loan re-payment grant about
advanced MR imaging of pediatric brain tumors. He
is currently a co-investigator on a Pediatric Brain
Tumor Foundation U.S., pre-institute award grant
about MR imaging of brain stem gliomas and Knights
Templar Eye Foundation, Inc. Grant about prenatal
MR imaging of retinoblastoma.
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Awards and Honors
Past ASNR Cornelius G. Dyke Memorial Award Recipients
1972

1986

1996

George M. McCord, MD

Jeremy B. Rubin, MD

John C. Strainer, MD

“The Venous Drainage to The Inferior
Sagittal Sinus”

“Part 1 Imaging Spinal CSF Pulsation by
2DFT Magnetic Resonance: Significance
During Clinical Imaging”

“fMRI of Primary Auditory Cortex: An
Analysis of Pure Tone Activation and
Tone Discrimination”

“Part 2 Harmonic Modulation of Proton
MR Precessional Phase by Pulsatile
Motion Origin of Spinal CSF Flow
Phenomenon”

1997

1973
Barton Lane, MD
“Cerebrospinal Fluid Pulsations at
Myelography: A Video-Densitometric
Study”

1987

“Why Do Ulcerated Atherosclerotic Caroid
Artery Plaques Embolize? A Flow
Dynamics Study”

No Award

David F. Kallmes, MD

“Anatomical-Radiological Correlates
of the Anterior Choroidal Artery”

1988

1975

“Gadolinium Enhanced MR Imaging
of Experimental Bacterial Meningitis:
Evaluation and Comparison of CT”

“Guglielmi Detachable Coil Embolization
for Unruptured Aneurysms in
Neurosurgical Candidates: A
Cost Effectiveness Exploration”

1974
Jacques Theron, MD

Thomas P. Naidich, MD
“The Normal Anterior Inferior
Cerebellar Artery”

1976
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Vincent P. Mathews, MD

No Award

Allen D. Elster, MD

1999

1977
Burton P. Drayer, MD

1990

“The Capacity for CT Diagnosis of
Cerebral Infarction. An Experimental
Study in the Non-Human Primate”

Marvin D. Nelson, Jr., MD

1978

1991

Joseph A. Horton, MD

Udo P. Schmiedl, MD

“The Grain in the Stone: A Computer
Search for Hidden CT Patterns”

“The Search for Human Telencephalic
Ventriculofungal Arteries”

1979

“Quantitation of Pathological Blood-Brain
Barrier Permeability in an Astrocytic
Glioma using Contrast Enhanced MR”

Dieter R. Enzmann, MD

1992

“Experimental Brain Abscess Evolution
Studied with the CT Scan and
Neuropathological Correlation”

R. Gilberto Gonzalez, MD

1980

“Quantitative In Vivo Human Brain
Lithium Magnetic Resonance
Spectroscopy”

No Award

1992 (continued)

1981

Frank J. Lexa, VII, MD

A. Ronald Cowley, MD
“The Influence of Fiber Tracts on the CT
Appearance of Cerebral Edema: An
Anatomical Pathological Correlation”

1982
B. Ludwig, MD
“Postmortem CT and Autopsy in Perinatal
Intracranial Hemorrhage”

1983
No Award

1984
Val M. Runge, MD

“Wallerian Degeneration in the Feline
Visual System: Characterization by
Magnetization Transfer Rate with
Histopathologic Correlation”

1993
Marc Jouandet, MD
“Mapping the Human Cerebral
Cortex with Brainprints”

1994
A. Gregory Sorensen, MD
“Functional Magnetic Resonance Imaging
of Brain Activity and Perfusion in Patients
with Chronic Cortical Stroke A”

“Contrast Enhanced Magnetic Resonance
Evaluation of a Brain Abscess Model”

1995

1985

“Magnetization Transfer or Spin-Lock?
An Investigation of Off-Resonance
Saturation Pulse Imaging Using
Varying Frequency Offsets”

No Award

1998

1989
“Europium-DTPA: Development and
Testing of a Gadolinium Analogue
Traceable by Fluorescence Microscopy”

No Award

XX

Stephen G. Imbesi, MD

John L. Ulmer, MD

Aquilla S. Turk, DO
“Definition of Aneurysm Ostium (Neck)
and Morphology Using Intravascular
Ultrasound: An Experimental Study
in Canines”

2000
William F. Marx, MD
“Endovascular Treatment of Experimental
Aneurysms Using Biologically Modified
Embolic Devices: Coil-Mediated IntraAneurysmal Delivery of Fibroblast
Tissue Allografts”

2001
No Award

2002
Mehmet Kocak, MD
“Functional MR Imaging of the Motor
Homunculus: Towards Optimizing
Paradigms for Clinical Scenarios”

2003
No Award

2004
Eric D. Schwartz, MD
“Apparent Diffusion Coefficients
Within Spinal Cord Transplants and
Surrounding White Matter Correlate
With Degree of Axonal Dieback
Following Injury”

2005
No Award

Continuing Medical Education (CME)
SCIENTIFIC PROGRAM AND MEETING
EVALUATION

TAKE YOUR OFFICIAL CONTINUING MEDICAL
EDUCATION (CME) CERTIFICATE HOME WITH YOU!

The 2006 Continuing Medical Education (CME)
Pavilion allows online recording of CME credits via
the Internet. The improvements have created a faster
and more user-friendly system for evaluating sessions
and speakers and recording CME hours electronically.
The CME Pavilion is easily accessible in Room 4 (Upper
Level) of the San Diego Convention Center. Please
complete the evaluations for each session to assist in
planning future meetings and to help us maintain
accreditation of future programs.

An enhancement of the Continuing Medical
Education online evaluation system allows for
attendees to print out their official CME certificate for
the number of hours claimed during the NER
Foundation Symposium and ASNR 44th Annual
Meeting and take it with them when they leave. Go
to any terminal in the CME Pavilion and follow the
simple directions for printing out an official NER
Foundation Symposium 2006 and ASNR 44th Annual
Meeting CME Certificate.
Following the meeting, the ASNR 2006 CME
certificate site will be available online for 90 days for
attendees to print out their CME certificates.
Please Note: Due to the availability of CME
certificates online, certificates will not be mailed to
attendees.

CME PAVILION

LETTER OF ATTENDANCE
If you wish to obtain a Letter of Attendance,
please request one at the Registration Desk
located in the Hall B1 Foyer (Ground Level) of the
San Diego Convention Center.

Accreditation Statement
The American Society of Neuroradiology is accredited by the Accreditation Council for Continuing Medical
Education (ACCME) to provide continuing medical education for physicians. The American Society of
Neuroradiology takes responsibility for the content, quality, and scientific integrity of the CME activity. The
American Society of Neuroradiology designates this educational activity for a maximum of 34.5 category 1
credits towards the American Medical Association Physicians Recognition Award. Each physician should claim
only those hours of credit he/she spent in the educational activity.

ASNR 44th Annual Meeting

To access the CME evaluation program, run the
“ExpoCard” included in your registration packet
through the card reader at one of the terminals and
follow the simple directions for selecting and
evaluating the sessions you have attended. The
CME credit hours awarded to a session will
automatically be recorded in your record when the
evaluation for a session is completed. Evaluations
can be completed at the end of a session, during
breaks, at the end of the day or the end of the
week. You will be able to view a record of the
sessions you have evaluated and the number of
CME credit hours earned throughout the program.
It will also be possible to print your certificate and
transcript to take home with you.
Please Note: To receive CME credit for sessions
attended at the NER Foundation Symposium 2006
and ASNR 44th Annual Meeting, all evaluations must
be entered by the end of the meeting. The CME
Pavilion replaces the CME booklet of previous years
and is the only method available for receiving your
CME credit.

Target Audience
The ASNR 44th Annual Meeting is designated specifically for the practicing general neuroradiologist who
wishes to integrate advanced imaging such as magnetic resonance spectroscopy, diffusion and perfusion
imaging, and functional magnetic resonance imaging into his/her daily practice. Programming is also
focused toward the neuroradiologist who seeks to better understand modern imaging techniques applied
to a practice which includes adults or children, disorders of the spine, head and neck disease, and
neurovascular intervention.
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At the conclusion of this meeting, participants will be able to:
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General Programming
• Identify how new technologies
improve diagnostic accuracy
• Evaluate the latest concepts
regarding common neurological
diseases
• Analyze practice needs for
additional hardware or software
• Recommend the fund of knowledge
that is required to pass the MOC
examination
• Identify the consequences of
therapeutic interventions in
neurological disease
• Define the important and current
areas of Radiology Informatics and
their practical use
• Demonstrate the basic knowledge
of voice recognition, MIRC, and
Personal Technologies
• Review the importance of PACS
issues such as database migration
and training
• Demonstrate the use of important
Internet resources including
PubMed, Medline Plus, and
search engines
Advanced Imaging Programming
• Describe the basis and application
of diffusion weighted imaging in
acute stroke and diffusion tensor
imaging and white matter fiber
tractography
• Describe the theoretical basis for
MR and CT measures of perfusion
and permeability and their
application to neoplasms and
acute stroke
• Analyze the differences between
gadolinium based perfusion and
measures and quantitative flow
determination using arterial spin
labeling
• Describe the basis, methods and
application of MR spectroscopy,
including advances at 3T
• Discuss the development of high
field imaging, similarities and
differences to 1.5T and the
increasing role of parallel imaging
Pediatric Programming
• Describe the epidemiology and
neurobiology of pediatric autism
• Review and illustrate the imaging
advances that pertain to pediatric
autism
• Discuss the principles of
multidetector CT (MDCT)
emphasizing dose considerations
in the pediatric patient
• Illustrate practical methods for
reducing CT dose during pediatric
examinations

• Discuss in a case-based format
with emphasis on differential
diagnosis, common and rare
disorders of pediatric brain, ENT,
and spine
• Review and illustrate the spectrum
of clinically relevant pediatric
orbital pathology
• Discuss and illustrate the common
pathologic lesions of the pediatric
temporal bone emphasizing
current methods of imaging
Interventional Programming
• Identify the techniques of and
complication avoidance in pediatric
neuroangiography and treatment
of extracranial and intracranial
pediatric vascular lesions
• Discuss the imaging and treatment
in pediatric and adult intracranial
aneurysms and the difference in
current technology of bare metal
versus bioactive aneurysm coils
• Utilize the indications and
performance of cerebral
angiography including patient
selection and preparation, basic
and advanced techniques and
complication avoidance,
recognition, and treatment
• Describe the concept of a primary
stroke center and the implications
for diagnostic and therapeutic
neuroradiology
• Identify the diagnosis and
treatment of intracranial venous
disease including: dural sinus
thrombosis and dural
arteriovenous fistula
Head and Neck Programming
• Develop a “space-based”
understanding of the normal axial
anatomy of the suprahyoid and
infrahyoid neck including the oral
cavity area
• Identify and differentiate from
one another the main suprahyoid
neck spaces including the
parapharyngeal, pharyngeal
mucosal, masticator, parotid
and carotid spaces
• List the “space-specific” differential
diagnoses for each of the fasciadefined space of the extracranial
head and neck
• Define the contents of the fasciadefined spaces of the infrahyoid
neck including the visceral, carotid,
posterior cervical, retropharyngeal
and perivertebral spaces
• Using unknown patient case
examples, determine the
differential diagnosis and probable
diagnosis of lesions in the
sinonasal, temporal bone
and pediatric areas

• Describe a rational imaging
approach to the use of high
field (3T) MR imaging in the
cerebellopontine angle-internal
auditory canal, temporal bone
and skull base
• Enumerate the most important
clinical-imaging settings for use
of PET-CT in the evaluation of
squamous cell carcinoma of the
extracranial head and neck
Spine Programming
• Discuss the efficacy of
vertebroplasty and kyphoplasty
procedures on the basis of
outcomes results, and define
potential complications of each
procedure
• Demonstrate a relationship
between spinal cord fMRI
results and neuronal activity
in experimental animals
• Review the difficulties and pitfalls
in performing spinal cord fMRI,
and discuss methods to improve
reproducibility and reliability for
detection of cervical or lumbar
neuronal activation
• Review the basic science of
intervertebral disk degeneration and
the role of growth factors
• Describe new imaging techniques
and emerging biological and
surgical therapies for disk
degeneration
• Discuss interventional spine
procedures that can be incorporated
into the spectrum of services
offered by the practicing
neuroradiologist
Functional Programming
• Analyze accepted clinical
application of fMRI/DTI and
warrants addressing
• Discuss appreciation for the clinical
neurosciences, and identify relevant
emerging clinical applications
• Apply emerging applications of DTI
in the cognitive neurosciences,
beyond that of pre-operative
mapping
• Discuss emerging research and
potential applications of techniques,
that seek to develop and utilize
functional, physiological, and
biological parameters of disease

Electronic Learning Center 2006 Workshops
ELC Workshops
Electronic Learning Center (ELC) workshops provide
the opportunity for practicing neuroradiologists and
neuroradiologist educators to learn new electronic methods
in an interactive small group environment. The workshop
format allows for hands-on and experiential learning with
computers, software, and knowledgeable assistants. The
faculty and assistants at the workshop include both PC and
Mac users. This year’s program will build on the sessions
offered at the 2005 meeting.
• Attendance is limited to 40 participants
• ELC Workshops are not included in the Annual Meeting
registration fee
• A ticket is required for admission
• Tickets are offered on a first-come, first-served basis for
$50 Members/ Non-members/Other Professionals and
$10 for Fellow/Trainees
• Two participants are allowed per computer during
the workshop

ELC Workshop A: Introduction to PowerPoint
Monday, May 1 n 10:30am – 12:00pm
David “Chip” Martin, MD

Monday, May 1 n 1:15pm – 2:45pm
Tuesday, May 2 n 10:30am – 12:00pm
Tuesday, May 2 n 3:15pm – 4:45pm
Barton F. Branstetter IV, MD; John L. Go, MD

ELC Workshop B: Introduction To Web Design
Monday, May 1 n 3:15pm – 4:45pm
Richard H.. Wiggins III, MD

This course is geared toward anyone who is beginning to think
about creating a website for work or personal use. Through a
series of practical demonstrations and hands-on exercises, this
workshop will help you acquire the skills necessary to build and
maintain a basic website. Topics to be covered include: how a
standard web editor works, how to create a basic web page
using images and text, creating links between web pages,
formatting text and paragraphs, creating and changing the layout
of tables, and putting your pages on the web.

Wednesday, May 3 n 1:00pm – 2:30pm
Thursday, May 4 n 3:15pm – 4:45pm
H. Christian Davidson, MD

This workshop will address the more advanced techniques of
PowerPoint presentation construction, including insertion of
graphs or tables, linking of objects, transitions, animations,
and adding sounds or video clips. Learn how to create more
dynamic presentations by making items appear and disappear
on slides and inserting “hidden” controls in the slides. The
lectures will demonstrate how to like one PowerPoint
presentation to another to control the flow of information and
enable toggling between presentations. Lastly, comments will
be made on the appropriate use of multimedia components
for keeping a talk interesting yet avoiding audience distraction
by too much flash.

ELC Workshop D: Adobe Photoshop and Elements
Tuesday, May 2 n 1:15pm – 2:45pm
Wednesday, May 3 n 3:00pm – 4:30pm
Richard M. Berger, MD

This workshop will enable the attendee to become more
familiar with the more advanced graphics editing techniques
and options available in Adobe “Photoshop” and its new
younger brother “Elements”. This hands-on, interactive
workshop will provide participants with the opportunity to
learn how to edit images from any orgin. Topics covered will
include determining optimal image size and resolution for
print, PowerPoint, and email graphics: adding text and arrow
annotations; re-windowing and leveling; cropping and
removing extraneous text and markings; and converting to
gray scale. Attendees will also use the more common graphics
tolls such as airbrush, blur, rubber stamp, eyedropper, magic
wand, paint bucket, and others.

ELC Workshop E: Advanced Web Design
Thursday, May 4 n 1:15pm – 2:45pm
Dale A. Charletta, MD

This hands-on expert experience will cover the effective use of,
and creating, advanced content for the internet. The session
will cover various editors available for creating web pages in
HTML as well as how to insert XML. Familiar tools, such as
Microsoft word and Netscape Communicator, will be
discussed with a focus n the ise of images, links, tables, and
uploading content via FTP to a web server. Advance topics
such as DHTML, CCS, Javascript, JAVA, PERL, and other
languages used for web pages creation will also be discussed.
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The goal of this workshop is to instruct registrants in the creation
of educational presentations by learning the core concepts of
Microsoft PowerPoint software. Learn how lecture material can
be developed for display using LCD projectors. Learning
Objectives of this workshops include: creating a new
presentation from scratch; using the Office and Presentation
Assistants; copying, deleting and modifying the sequence of
slides; working with Clip Art, pictures, and other objects;
preparing an entire presentation; saving a presentation in normal
and HTML formats; and printing audience and speaker notes.

ELC Workshop C: Advanced PowerPoint
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Electronic Learning Center Lectures • NLM Workshops
The ELC Lectures were introduced in 2001 in response to the
overwhelming demand for computer education beyond what could
be accommodated in small workshops. The ELC Lectures focus on
topics that are of general interest and in which the hands-on
experience is not as crucial to the learning process.
• ELC lectures are held throughout the Annual Meeting
in a large session room
• ELC lectures are included in the Annual Meeting registration fee
• No preregistration or ticket is required for admission

undertaking. There are a few options for translating a PACS
database, and, like PACS, voice recognition, and RIS, the best
option for one institution may not be the best for another, but it
is critical to consider future PACS database translation when
negotiating a contract for any PACS installation.

ELC Lecture A: Voice Recognition

This lecture will begin with an overview of the key processes
of analysis for fMRI data. This includes: re-alignment, modeling
of hemodynamic response, hypothesis testing and statistical
parametric mapping. We will discuss the characteristics of
block vs. event-related designs. Lastly, comparison will be
made of the commonly used data processing packages,
including Stimulate, AFNI and SPM.

Monday, May 1 n 10:30am – 11:15am
Barton F. Branstetter IV, MD

The addition of a voice recognition system can significantly reduce
report turn around time for an institution. The older process of
dictation, free text typing, manually transcribing, reviewing,
editing, and finally signing reports can take days for report turn
around, but voice recognition can change this from days to
minutes, greatly impacting patient care. Our communication with
clinicians, as radiologists must be as efficient as possible, for the
best in health care. The opportunities involved with voice
recognition include structured reporting, macros, and
standardization of vocabulary, which can greatly affect health care
in several ways.

ELC Lecture B: MIRC

Monday, May 1 n 11:15am – 12:00pm
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Adam E. Flanders, MD

A successful teaching file system can greatly assist education in
radiology. The RSNA Medical Image Resource Center (MIRC)
initiative can allow for a compliant teaching file system to be
created that can integrate into a picture archiving and
communication system (PACS) environment. The MIRC project
develops tools to enable the medical imaging community to
share images and information for education, research, and/or
clinical practice, within an institution and/or via the Internet.
MIRC provides a common index that can be searched using
medically relevant criteria and also offers an authoring tool that
makes it easy to create radiology teaching files and other
electronic documents in flexible formats with a common
underlying structure.

Thursday, May 4 n 10:30am – 11:15am
Timothy P.L. Roberts, PhD

ELC Lecture F: Advanced Image Processing in MRI
Thursday, May 4 n 11:15am – 12:00pm
Speaker To Be Determined

Neuroradiology relies on sophisticated imaging equipment
and software to generate images of the patient. The purpose
of this lecture is to start with the basics of image processing
and building understanding as it relates to neuroimaging
methods. The talk will cover issues such as image
dimensionality filtering, 3D imaging including surface
rendering and maximum intensity projections of image
processing. Advanced topics such as diffusion tensor imaging
and perfusions processing will be covered.

NLM WORKSHOPS

Tuesday, May 2 n 10:30am – 11:15am

A showcase by the National Library of
Medicine (NLM) will be offering handson-workshops focusing on PubMed® and
MedlinePlus throughout the ASNR Annual
Meeting. PubMed® is the National Library
of Medicine's web-based portal to the
MEDLINE database. Searchable without
charge, PubMed® provides bibliographic access to the health
literature, currently containing over 15 million citations to
articles written over the past 50 years. NLM also produces
MedlinePlus, a free consumer-friendly source of up-to-date
health information for patients. Visit and consult with expert
librarians or test-drive these and other NLM resources.

C. Douglas Phillips, MD

NLM Workshop: When PubMed Is Not the Answer…

ELC Lecture C: PACS

The goal of becoming truly Filmless is not always as easy as it
sounds. There are several significant changes that must occur
for both radiology and the Enterprise, for successful transition to
a Picture Archiving and Communication System (PACS). The
economic changes are often the main focus, but there are
modifications in workflow and efficiency that must be
considered. The practice workflow alterations, as well as
the hardware and software should be considered. The
successful transition to the digital realm does allow for
significant benefits not only in productivity, but also in
education, training, and research.

ELC Lecture D: PACS Migration

Tuesday, May 2 n 11:15am – 12:00pm
Richard H. Wiggins III, MD
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ELC Lecture E: fMRI Post Processing

Many institutions adopting PACS later discover that like many
hardware and software programs, there may actually be a
"shelf-life" for PACS, possibly about 7 years. The options after
outgrowing or just outliving your PACS are similar to an original
move from the analog to the digital world, but there are several
important issues in moving from one PACS to another. The most
vital of these may be the PACS database itself, and the
translation of one database to another is frequently a huge

Tuesday, May 2 n 5:00pm – 6:00pm
Thursday, May 4 n 5:00pm – 6:00pm
Maryanne Blake

PubMed may not always be the right tool for your information
needs. At this session you will find out how to maximize the
utility of your time on the Web and make your searches more
effective and efficient. You’ll get helpful hints about using Web
resources from a “search all the Web” site like Google to
health-specific sites like Clinicialtrials.gov and MedlinePlus.

NLM Workshop: PubMed/MedlinePlus
Advanced Tips and Tricks

Monday, May 1 n 5:00pm – 6:00pm
Wednesday, May 3 n 5:00pm – 6:00pm
Linda Milgrom

Learn to fine tune your PubMed searches and limit your
retrieval to the most relevant articles. Have you used Cubby, an
easy way to ask PubMed to send you periodic updates on
topics of continuing interest? Try special features such as
Clipboard, Clinical Queries, and History. Come to the demo and
play Stump the Librarian. Any PubMed question is fair game.

ASNR Business Center

EXPANDED

ASNR BUSINESS CENTER
Synopsis: The ASNR Business Center will offer executive
lectures encompassing topics pertinent to management and
administration for both private practice and academic
departments. Business Center lectures will be given in two
blocks, each of which is 90 minutes in duration. Within each
block, three speakers are scheduled for 20-25 minute didactic
lectures with 5-10 minutes of question and answer time.
Goals: Topics will be presented spanning ability levels from
basic review to specific financial principles. Experienced
luminary neuroradiologist speakers with significant business
experience will be recruited from within our own membership.
Target Audience: Radiologists who make business decisions for
their practices or any radiologist interested in learning more
about the mechanisms by which a practice functions.

Monday, May 1, 2006
Day 1: “Radiology Marketing, Branding and Promotion: Part I”
With the exception of the brief welcome and introduction, the
entire first day is devoted to a mini-symposium illustrating the
interleaved aspects of marketing, branding, and promotion for
today’s radiology diagnostic imaging practice. A break will occur at
the approximate half-way point, coinciding with the general ASNR
afternoon break period. Time will be reserved at the end for
questions and answers.
1:15pm-1:25pm
“Welcome and Introduction to the
ASNR Business Center”
Gregory L. Katzman, MD, MBA
Chief, Radiology, VA Salt Lake City Health Care System

1:25pm-2:45pm
“Marketing, Branding, and Promoting a
Diagnostic Imaging Practice: Part I”

Marketing, branding, and promoting a diagnostic imaging
practice can be a daunting, difficult endeavor. It can also be very
rewarding, and strategic marketing is one of the most
important factors for success (or failure) in competitive,
changing markets. This seminar will cover the fundamentals of
marketing medical services, including the basics of effective
market research. Common pitfalls in medical advertising will be
discussed as well as legal and regulatory mandates that cover
our field. The speakers will provide examples of practical
applications of marketing principles from their work in a variety
of practice settings.
2:45pm-3:10pm Afternoon Break

Day 2: “Operations Strategies for Neuroradiology: Part I”
Radiology operations create value in the form of radiologic
services by transforming inputs into outputs. Through adept
operations management, we plan, organize, staff, lead, and
control the overall enterprise. In this manner, radiology
operations management is responsible for services offered,
processes utilized, location of services, human resources, and
quality assessment. During today’s sessions we will explore a few
operations management issues that Neuroradiologists face as
well as novel ideas for advancing the enterprise.
1:15pm-1:30pm
“Introduction to Operations Management”
Gregory L. Katzman, MD, MBA
Chief, Radiology, VA Salt Lake City Health Care System

This brief lecture will provide an overview of operations
management, presented with a radiology emphasis. Introductory
topics discussed will provide a framework for the talks in
today’s session.
1:30pm-2:15pm
“Radiology Department Technical and Professional
Operations: Aligning the Incentives”
Edwin “Steve” A. Stevens, MD
Professor and Chair, Department of Radiology, University of Utah

Many academic and private practices manage the total operation
of outpatient imaging facilities, including both technical and
professional components, yet few manage both sides for
inpatient facilities. Using the real world example of the University
of Utah, approaches to "outsourced" models of hospital-based
management which incentivize aligning productivity and cost
management of the total enterprise will be presented.
2:15pm - 2:45pm
“MOU and Other Organizations: Formulas That
Reward Enterprise Operational Management”
Edwin "Steve" A. Stevens, MD

2:45pm-3:10pm Afternoon Break
3:15pm - 4:15pm
“System Analysis: Troubleshooting
Department Operations”
Gregory L. Katzman, MD, MBA

4:15pm - 4:45pm
“Offshore Teleradiology”
William G. Bradley, Jr., MD, PhD
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Jonathan Breslau, MD
Radiological Associates of Sacramento Medical Group, Inc.
Frank J. Lexa, VII, MD, MBA
Professor, Wharton Graduate School of Business

Tuesday, May 2, 2006

3:15pm-4:45pm
“Marketing, Branding, and Promoting
a Diagnostic Imaging Practice: Part II”
Jonathan Breslau, MD
Radiological Associates of Sacramento Medical Group, Inc.
Frank J. Lexa, VII, MD, MBA
Professor, Wharton Graduate School of Business
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How-To Sessions

(As of 3/10/06)

In addition to the Technical Exhibition,
the leadership of the ASNR is pleased
to announce the tenth annual slate of
instructional How-To forums. These
sessions, presented in conjunction
with major corporate contributors, deal with advances in
imaging and procedures as well as principles in
neuroradiology and image information management.
How-To Breakfast and Lunch Sessions are scheduled
Sunday, April 30 through Thursday, May 4.

specialists from the imaging industry. Comments and
suggestions from meeting registrants over the last nine years
were integrated into this year’s format.
The sessions vary and include both didactic presentations
and demonstrations, all with a strong practical emphasis.
A significant portion of each session is devoted to questions
and answers. Indications, problems, and solutions relating
to imaging techniques will be addressed including Clinical
3T Imaging, Practical Neuro CTA, and advances in MR
Imaging to name a few.

The How-To Sessions offer a unique opportunity for
neuroradiologists to discuss techniques, procedures, and
products with their colleagues as well as with technical

Thursday, May 4 ........................6:50 am - 7:50 am
Thursday, May 4 ......................12:10 pm - 1:10 pm

April 29 - May 5, 2006

Titles and Speakers To Be Determined

Wednesday, May 3 ....................6:50 am - 7:50 am

Sunday, April 30 ........................6:50 am - 7:50 am
Monday, May 1 ........................12:10 pm - 1:10 pm
“Clinical 3T Imaging: Neuroradiology”
Suresh K. Mukherji, MD

Sunday, April 30....................11:45 am - 12:45 pm

“Practical Neuro CTA”
Lawrence N. Tanenbaum, MD, FACR

“Advanced Neuro Applications with TIM”
Edmond A. Knopp, MD

“Importance of Improved Contrast in Management
of Patients with CNS Lesions”
William G. Bradley, MD, PhD, FACR

“Exploiting the Advantages of 3T for Neuro Imaging”
Val M. Runge, MD

Tuesday, May 2 ........................12:10 pm - 1:10 pm
“Advancements in Interventional Neuro Imaging”
Speakers To Be Determined

Monday, May 1 ..........................6:50 am - 7:50 am
“Optimizing Novel Volume CT Applications:
CTA/CTP Acquisition and Post-Processing”
Stuart R. Pomerantz, MD and Michael H. Lev, MD

Tuesday, May 2 ..........................6:50 am - 7:50 am
Title and Speakers To Be Determined

“Use of 3D-SSP and Other Quantitative
Approaches for the Evaluation of Dementia”
David H. Lewis, MD

Wednesday, May 3 ..............11:50 am - 12:50 pm
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“Advances in MR Imaging”
Lawrence N. Tanenbaum, MD, FACR
Keith R. Thulborn, MD

PLEASE NOTE: Due to the direct financial support from these
companies and the commercial content, CME credit will not be
granted for these sessions.

Building Overview
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XXVII

Hall B1 & A (Ground Level)

April 29 - May 5, 2006

(As of 3/10/06)

XXVIII

Scientific Posters, Scientific Exhibits and Electronic
Scientific Exhibits (eSE)
Note: A missing number indicates an abstract has been withdrawn.

Hall A (Ground Level)
(As of 3/10/06)

Shared eSE Exhibits

Stand Alone eSE Exhibits
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eSE Presentations 2, 18, 19, 25, 28, 30, 35 assigned computer only. See sign in eSE area for details.

XXIX

Printed and Electronic Scientific Exhibits (eSE)
SCIENTIFIC EXHIBITS

Hall A (Ground Level)
(As of 3/10/06)

April 29 - May 5, 2006

Note: A missing number indicates an abstract has been withdrawn.

Adult Brain ......................1-27
Anatomy ........................28-32
Head and Neck............33-53
Interventional ..............54-59
Pediatrics ......................60-68
Spinal Cord ..................69-70
Spine ..............................71-77

ELECTRONIC SCIENTIFIC EXHIBITS (eSE)

Shared eSE Exhibits

Stand Alone eSE Exhibits

Shared/Stand Alone
Adult Brain ......................1-16 2
Anatomy ........................17-20 18, 19
Head and Neck............21-33 25, 28, 30
Interventional ....................34 35
Pediatrics ......................36-40
Spine ..............................41-42
Shared eSE Presentations TBD can be accessed from any shared
eSE computer. eSE Presentations 2, 18, 19, 25, 28, 30, 35 can be
accessed on assigned computers only.

XXX

Scientific Posters Exhibits

Hall A (Ground Level)
(As of 3/10/06)

SCIENTIFIC POSTERS
Adult Brain ....................1-124
Anatomy....................125-129
Head and Neck ......130-139
Interventional ..........140-183
Pediatrics ..................184-202
Socioeconomic ................203
Spinal Cord ..............204-208
Spine..........................209-217

Note: A missing number indicates an abstract has been withdrawn.
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Mezzanine Level
(As of 3/10/06)

XXXII
ABR Staff
Office

Upper Level
(As of 3/10/06)
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Technical Exhibits

Exhibit Hall B1 (Ground Level)

April 29 - May 5, 2006

(As of 3/10/06)

XXXIV

Technical Exhibits

(As of 3/10/06)

San Diego Convention Center — Exhibit Hall B1 (Ground Level)
Monday, May 1 — Welcome Reception ............................................................................6:30 pm – 8:00 pm
Tuesday, May 2 through Thursday, May 4 ......................................................................10:00 am – 4:00 pm
Cook Incorporated ..............................Booth 401
750 Daniels Way, P.O. Box 489
Bloomington, IN 47402-0489

4-D Neuroimaging................................Booth 207
9727 Pacific Heights Boulevard
San Diego, CA 92121

Cordis Neurovascular, Inc ..................Booth 223
14000 NW 57th Court
Miami Lakes, FL 33014

Advanced Imaging Research..............Booth 120
4700 Lakeside Avenue, Suite 400
Cleveland, OH 44114

Device Pharm Research ......................Booth 421
2100 Main Street, Suite 250
Irvine, CA 92614

Amirsys, Inc. ........................................Booth 413
2180 South 1300 East, Suite 400
Salt Lake City, UT 84106

GE Healthcare ......................................Booth 201
3000 N. Grandview Boulevard, W-402
Waukesha, WI 53188

Arthrocare Spine ..................................Booth 325
680 Vaqueros Avenue
Sunnyvale, CA 94085

Hitachi Medical Systems America, Inc. ....Booth 217
1959 Summit Commerce Park
Twinsburg, OH 44087

Barrington Medical Imaging ..............Booth 423
22 N. 159 Pepper Road
Lake Barrington, IL 60010

Kyphon Inc. ..........................................Booth 306
1221 Crossman Avenue
Sunnyvale, CA 94089

Berlex Imaging ....................................Booth 111
P.O. Box 100
Montville, NJ 07045

Lippincott, Williams & Wilkins ..........Booth 415
21 Ripley Crescent
Brampton, ON L6Y 4S8, Canada

Boston Scientific ..................................Booth 200
47900 Bayside Parkway
Fremont, CA 94538

MR Instruments....................................Booth 112
4802 Park Glen Road
St. Louis Park, MN 55416

Bracco Diagnostics, Inc. ......................Booth 102
107 College Road East
Princeton, NJ 08543

Merrill Lynch.........................................Booth 224
9560 Wilshire Boulevard, 3rd Floor
Beverly Hills, CA 90212

Cardinal Health, Special Procedures....Booth 107
1500 Waukegan Road
McGaw Park, IL 60085

MicroVention, Inc. ................................Booth 317
75 Columbia, Suite A
Aliso Viejo, CA 92656
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ASNR/NER Foundation........................Booth 425
2210 Midwest Road, Suite 207
Oak Brook, IL 60523-8205
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Technical Exhibits Continued
Micrus Endovascular ..........................Booth 405
821 Fox Lane
San Jose, CA 95131

Springer ................................................Booth 206
175 Fifth Avenue
New York, NY 10010-7858

National Library of Medicine (NLM) ....Booth 326
University of Washington, Box 357155
Seattle, WA 98195

Stryker ..................................................Booth 117
4100 East Milham
Kalamazoo, MI 49001

Neurognostics, Inc ..............................Booth 403
10437 Innovation Drive, Suite 309
Milwaukee, WI 53226

Surgica Corporation ............................Booth 419
5090 Robert J. Mathews Parkway #4
El Dorado Hills, CA 95762

Novo Nordisk, Inc ................................Booth 106
100 College Road West
Princeton, NJ 08540

Toshiba America Medical Systems ......Booth 108
2441 Michelle Drive
Tustin, CA 92780

Philips Medical Systems ....................Booth 311
3000 Minuteman Road
Andover, MA 01810

VSM MedTech Ltd. ..............................Booth 222
9 Burbidge Street
Coquillam, BC V3K 7B2, Canada

Radioiogical Society of
North America (RSNA) ........................Booth 123
820 Jorie Boulevard
Oak Brook, IL 60523

Virtual Radiologic ................................Booth 406
5995 Opus Parkway, Suite 200
Minneapolis, MN 55343-9058

Saunders/Mosby/Churchill ................Booth 114
3473 Sitio Borde
Carlsbad, CA 92009
Siemens Medical Solutions ................Booth 301
1230 Shorebird Way
Mountain View, CA 94043
Smith and Nephew, Inc. ......................Booth 118
150 Minuteman Road
Andover, MA 01810
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Vital Images, Inc...................................Booth 307
3300 Fernbrook Lane North, Suite 200
Plymouth, MN 55447

44th Annual Meeting Invited Speakers

Lawrence E. Ginsberg, MD
M.D. Anderson Cancer Center
Charles M. Glasier, MD
Arkansas Children’s Hospital
Christine M. Glastonbury, MBBS, FRANZCR
University of California, San Francisco
John Golfinos, MD
New York University School of Medicine
R. Gilberto Gonzalez, MD, PhD
Massachusetts General Hospital
Robert I. Grossman, MD
New York University Medical Center
Van V. Halbach, MD
University of California, San Francisco
Bronwyn E. Hamilton, MD
Oregon Health and Sciences University
H. Ric Harnsberger, MD
University of Utah
Victor M. Haughton, MD
University of Wisconsin
Joshua A. Hirsch, MD
Massachusetts General Hospital
Patricia A. Hudgins, MD
Emory University School of Medicine
Clifford R. Jack, MD
Mayo Clinic
Jeffrey G. Jarvik, MD, MPH
University of Washington
Mary E. Jensen, MD
University of Virginia
David F. Kallmes, MD
Mayo Clinic
James Kang, MD
University of Pittsburgh Medical Center
Andrea Kassner, PhD
University of Toronto, Canada
Bernadette L. Koch, MD
Cincinnati Children’s Hospital
Brian Harris Kopell, MD
Medical College of Wisconsin
Timo Krings, PhD
Universitatsklinikum Aachen, Germany
Christiane K. Kuhl, PhD
University of Bonn, Germany
Hank Kung, PhD
University of Pennsylvania
Janet Lainhart, MD
University of Utah
Theodore C. Larson, III, MD
Vanderbilt University Medical Center
Meng Law, MD
New York University Medical Center
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Andrew L. Alexander, PhD
University of Wisconsin
Howard S. An, MD
Rush University Medical Center
Paul A. Anderson, MD
University of Wisconsin Hospital and Clinics
William S. Ball, Jr., MD
University of Cincinnati
Peter B. Barker, PhD
Johns Hopkins University School of Medicine
Erin Bigler, PhD
Brigham Young University
Thomas P. Bleck, MD
University of Virginia Health System
Timothy N. Booth, MD
Children’s Medical Center, Dallas
Barton F. Branstetter IV, MD
University of Pittsburgh Medical Center
Mauricio Castillo, MD, FACR
University of North Carolina School of Medicine
Kim M. Cecil, PhD
Children’s Hospital Medical Center
Carolyn Cidis Meltzer, MD
Emory University Hospital
Harry J. Cloft, MD, PhD
Mayo Clinic
Joel K. Curé, MD
University of Alabama at Birmingham
H. Christian Davidson, MD
University of Utah
Andrew Demchuk, MD
University of Calgary, Canada
Edgar DeYoe, PhD
Medical College of Wisconsin
Jacques E. Dion, MD
Emory University Hospital
Gary R. Duckwiler, MD
University of California, Los Angeles School of Medicine
Avery J. Evans, MD
University of Virginia Health System
Scott H. Faro, MD
Temple University School of Medicine
Aaron S. Field, MD, PhD
University of Wisconsin Medical Center
Nancy J. Fischbein, MD
Stanford University
Allan J. Fox, MD, FRCPC, FACR
University of Toronto, Canada
Joseph Frank, MD
National Institutes of Health
Richard Frayne, BASc, PhD
University of Calgary, Canada
Alisa D. Gean, MD
University of California, San Francisco
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Jane Lawrence*
University of Manitoba, Canada
Laurie A. Loevner, MD
University of Pennsylvania Medical Center
Lawrence Marshall, MD
University of California, San Diego
Cameron G. McDougall, MD
Barrow Neurological Institute
Mike McNitt-Gray, PhD
University of California, Los Angeles
David J. Mikulis, MD
Toronto Western Hospital, Canada
Kristine M. Mosier, DMD, PhD
Indiana University School of Medicine
Pratik Mukherjee, MD, PhD
University of California, San Francisco
Suresh K. Mukherji, MD
University of Michigan Health System
Marvin D. Nelsen, Md
Children’s Hospital of Las Angeles
Gary M. Nesbit, MD
Oregon Health and Sciences University
Paolo Nucifora, MD
University of Pennsylvania
Ronald C. Petersen, MD, PhD
Mayo Clinic
Michael D. Philips, MD
Cleveland Clinic
C. Douglas Phillips, MD
University of Virginia Health Systems
Timothy P.L. Roberts, PhD
The Children’s Hospital of Philadelphia
Nancy K. Rollins, MD
University of Texas Southwest Medical School
Jeffrey S. Ross, MD
Cleveland Clinic Foundation
Karen L. Salzman, MD
University of Utah
Pamela W. Schaefer, MD
Massachusetts General Hospital
Ali Shaibani, MD
Northwestern University Medical School
Edward G. Shaw, MD
Wake Forest University Baptist Medical Center
Dean K. Shibata, MD
University of Washington Medical Center
Hilda Elie Stambuk, MD
Memorial Sloan-Kettering Cancer Center
Jeffrey A. Stone, MD
Medical College of Georgia
Patrick W. Stroman, PhD
Queen’s University, Canada
Joel D. Swartz, MD
Germantown Imaging Associates, Pennsylvania

(continued)

Lawrence N. Tanenbaum, MD
Edison Radiological Group
Paul Thompson, MD
University of California, Los Angeles
Karen A. Tong, MD
Loma Linda University Medical Center
J. Michael Tyszka, PhD
California Institute of Technology
Andrew L. Wagner, MD
Rockingham Radiologists, Ltd., Virginia
Richard H. Wiggins, III, MD
University of Utah
Ronald L. Wolf, MD, PhD
Hospital of the University of Pennsylvania
Wade H.M. Wong, DO
University of California San Diego
David M. Yousem, MD, MBA
Johns Hopkins University

*PhD candidate, writing dissertation

Scientific Program Overview

(As of 2/15/06)

Meals and Breaks: Breakfasts, Morning and Afternoon Coffee Service, and Box Lunches will be provided
throughout the week. PLEASE NOTE: Annual Meeting food service locations vary throughout week based
on Technical Exhibit hours and How-to Session programming.
NOTE: Page numbers referenced throughout the program correspond to the page number within the
Proceeding Book.

ASNR 44TH ANNUAL MEETING
MONDAY, MAY 1
6:30am - 7:55am
Breakfast

6:50am - 7:50am
How-To Session Breakfast
Sponsor: GE Healthcare

8:00am - 8:05am
(1) Opening Remarks
Page 1

8:05am - 9:00am
(2) Maintenance of Certification (MOC) Review Session
- Brain (ARS)
Page 1

9:00am - 10:00am
(3) General Session: Pre- and Post- Therapy Imaging
of Intracranial Mass Lesions (ARS)
Page 1

10:00am - 10:25am
Morning Break

10:30am - 12:00pm
(A) Spine: Evaluation of Spinal Conditions (Page 2)
(B) Pediatrics: Miscellaneous (Page 10)
(C) Adult Brain: Neoplasms (Diffusion/Perfusion) (Page 18)
(D) Adult Brain: Cerebrovascular Disease (Page 25)

10:30am - 11:15am
(5) ELC Lecture A: Voice Recognition
Page 31

10:30am - 12:00pm
(6) ELC Workshop A: Introduction to PowerPoint
Page 31

11:15am - 12:00pm
(7) ELC Lecture B: MIRC
Page 31

12:00pm - 1:10pm
Lunch Break

12:10pm - 1:10pm
How-To Session Lunch
Sponsor: Philips Medical Systems

1:15pm - 2:45pm
(8) ELC Workshop A: Introduction to PowerPoint
Page 32
ARS = Audience Response System

(9) Vertebroplasty and Kyphoplasty: Outcomes
Analysis and Overview of Vertebral Augmentation
Techniques (ASSR)
Page 33

1:15pm - 2:45pm
(10) The Brain - Basis of Autism: Recent
Neurobiological and Neuroimaging
Research (ASPNR)
Page 33

1:15pm - 2:45pm
(11) ASNR Business Center Programming: Radiology
Marketing, Branding and Promotion (Part I)
Page 35

2:45pm - 3:10pm
Afternoon Break

3:15pm - 4:45pm
(12) ELC Workshop B: Introduction to Web Design
Page 35

3:15pm - 4:45pm
(13) ASNR Business Center Programming: Radiology
Marketing, Branding and Promotion (Part II)
Page 35

3:15pm - 4:45pm
(14) Parallel Scientific Paper Sessions
(A) Adult Brain: Applications to Diseases (Page 35)
(B) Pediatrics: Pediatric Spine (Page 43)
(C) Pediatrics: Developmental/Congenital Malformations (Page 50)
(D) Spine: Neoplasms, Spinal Injections/Vertebroplasty (Page 57)

4:50pm - 6:20pm
(15) Functional MR Imaging of the Spinal Cord (ASSR)
Page 65
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(4) Parallel Scientific Paper Sessions

1:15pm - 2:45pm

4:50pm - 6:20pm
(16) Pediatric Case Based Studies (ASPNR) (ARS)
Page 66

4:50pm - 6:20pm
(17) Advanced Imaging Seminar - Diffusion
Page 67

5:00pm - 6:00pm
(18) NLM Workshop: PUBMED/MEDLINEPLUS
Advanced Tips and Tricks
Page 68

6:30pm - 8:00pm
Welcome Reception with Technical Exhibitors
XXXIX

Scientific Program Overview
TUESDAY, MAY 2
6:30am - 7:55am
Breakfast

6:50am - 7:50am
How-To Session Breakfast
Sponsor: Vital Images

8:00am - 9:00am
(19) Maintenance of Certification (MOC) Review
Session - HEENT (ARS)
Page 69

9:00am - 10:00am
(20) General Session: Head Trauma (ARS)
Page 69

10:00am - 10:25am
Morning Break

10:30am - 12:00pm
(21) Parallel Scientific Paper Sessions
(A) Adult Brain: Functional Imaging/MRS/High Field (Page 70)
(B) Adult Brain: Cerebrovascular Occlusive Disease (Page 76)
(C) Spine: Vascular, Trauma, CSF (Page 84)
(D) Adult Brain: New Techniques (Page 91)

10:30am - 11:15am
(22) ELC Lecture C: PACS
April 29 - May 5, 2006

Page 97

10:30am - 12:00pm
(23) ELC Workshop A: Introduction to PowerPoint
Page 97

11:15am - 12:00pm
(24) ELC Lecture D: PACS Migration
Page 97

12:00pm - 1:10pm
Lunch Break

12:10pm - 1:10pm
How-To Session Lunch
Sponsor: Siemens Medical Systems

12:10pm - 1:10pm
(25) American Society of Pediatric Neuroradiology
(ASPNR) Annual Business Meeting (members only)
Page 97

12:10pm - 1:10pm
(26) American Society of Spine Radiology (ASSR)
Annual Business Meeting (members only)
Page 97

1:15pm - 2:45pm
(27) ELC Workshop D: Abobe Photoshop and Elements
Page 98

XL
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1:15pm - 2:45pm
(28) Applications in Pre-Surgical Brain Mapping (ASFNR)
Page 98

1:15pm - 2:45pm
(29) New Perspectives on the Role of the
Intervertebral Disk in Back Pain and the
Emergence of New Therapies (ASSR)
Page 99

1:15pm - 2:45pm
(30) Dose Reduction in Pediatric Neuroradiology
(ASPNR) (ARS)
Page 101

1:15pm - 2:45pm
(31) ASNR Business Center Programming: Operations
Strategies for Neuroradiology (Part I)
Page 102

2:45pm - 3:10pm
Afternoon Break

3:15pm - 4:45pm
(32) ELC Workshop A: Introduction to PowerPoint
Page 103

3:15pm - 4:45pm
(33) ASNR Business Center Programming: Operations
Strategies for Neuroradiology (Part II)
Page 103

3:15pm - 4:45pm
(34) Parallel Scientific Paper Sessions
(A) Adult Brain: Trauma in Adult Brain/Spine and Pediatrics (Page 103)
(B) Adult and Pediatric Brain: Neoplasms(Page 110)
(C) Spine: Injections and Vertebroplasty (Page 117)
(D) Functional/DT Imaging: Pediatrics and Adult Brain (Page 124)

4:50pm - 6:20pm
(35) Spine Interventional Practice for the
Neuroradiologist (ASSR)
Page 131

4:50pm - 6:20pm
(36) Review of Pediatric Orbit and Temporal Bone
(ASPNR) (ARS)
Page 132

4:50pm - 6:20pm
(37) Advanced Imaging Seminar - Perfusion
Page 133

5:00pm - 6:00pm
(38) NLM Workshop: When PUBMED is Not
the Answer...
Page 135

Scientific Program Overview
WEDNESDAY, MAY 3
6:30am - 7:55am
Breakfast
Sponsor: Bracco Diagnostics

6:50am - 7:50am
How-To Session Breakfast

8:00am - 9:00am
(39) Maintenance of Certification (MOC) Review
Session - Spine (ARS)
Page 137

9:00am - 10:00am
(40) General Session - Adult Brain (ARS)
Page 137

10:00am - 10:25am
Morning Break

10:30am - 10:45am
(43) ASNR Presidential Address
Page 138

10:45am - 10:55am
(42) ASNR Award Announcements
Page 139

10:55am - 11:30am
(43) The Case for Incidental Responsibility
Page 139

11:30am - 11:50am
(44) American Society of Neuroradiology (ASNR)
Annual Business Meeting (members only)

11:30am - 12:55pm
Lunch Break
Sponsor: GE Healthcare

11:50am - 12:50pm
How-To Session Lunch

12:10pm - 1:10pm
(60) American Society of Functional Neuroradiology
(ASFNR) Annual Business Meeting (member only)
Page 139

1:00pm - 2:30pm
(47) ELC Workshop C: Advanced PowerPoint
Page 142

1:00pm - 2:30pm
(48) Functional Mapping and the Clinical
Neurosciences (ASFNR)
Page 142

2:30pm - 2:55pm
Afternoon Break

3:00pm - 4:30pm
(49) Parallel Scientific Paper Sessions
(A) Interventional: Trials, Devices and Equipment (Page 143)
(B) Interventional: Thrombolysis/Stroke (Page 150)
(C) Head and Neck: Pharynx, Larynx, Soft Tissue Neck (Page 156)
(D) Adult Brain: Epilepsy, Inflammatory/Infectious Diseases (Page 162)

3:00pm - 4:30pm
(50) ELC Workshop D: Adobe Photoshop and Elements
Page 170

4:35pm - 6:05pm
(51) Head and Neck New Technology (ASHNR)
Page 171

4:35pm - 6:05pm
(52) Aneurysm Therapy in Children and Adults (ASITN)
Page 172

4:50pm - 6:20pm
(53) Advanced Imaging Seminar - 3T and
Parallel Imaging
Page 174

5:00pm - 6:00pm
(54) NLM Workshop: PUBMEB/MEDLINEPLUS
Advanced Tips and Tricks
Page 175

6:30pm - 8:00pm
California Dreamin’ Reception
San Diego Marriott Hotel & Marina - Marina Terrace
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1:00pm - 2:30pm
(45) Suprahyoid Neck (ASHNR)
Page 139

1:00pm - 2:30pm
(46) Pediatric Neurointerventions (ASITN) (ARS)
Page 141

ARS = Audience Response System
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THURSDAY, MAY 4
6:30am - 7:55am
Breakfast

6:50am - 7:50am
How-To Session Breakfast
Sponsor: Boston Scientific

8:00am - 9:00am
(55) Maintenance of Certification (MOC) Review
Session - Brain (ARS)
Page 177

9:00am - 10:00am
(56) General Session: Advanced CT and MR Imaging of
Acute Stroke: The Key to Guide Therapy (ARS)
Page 177

10:00am - 10:25am
Morning Break

10:30am - 11:15am
(57) ELC Lecture E: fMRI Post Processing
Page 178

10:30am - 12:00pm

April 29 - May 5, 2006

(58) Parallel Scientific Paper Sessions
(A) Adult Brain: Vascular (Page 178)
(B) Interventional: Arteriovenous Malformations/Fistulae
(C) Interventional: Aneurysms I
(D) Head and Neck: Orbit, Face, New Techniques, Other

11:15am - 12:00pm
(59) ELC Lecture F: Advanced Image Processing in MRI
Page 202

12:00pm - 1:10pm
Lunch Break

12:10pm - 1:10pm
How-To Session Lunch
Sponsor: Boston Scientific

1:15pm - 2:45pm
(61) ELC Workshop E: Advanced Web Design
Page 202

1:15pm - 2:45pm
(62) Molecular and Biological Imaging: Future
Applications in Functional Neuroradiology
(ASFNR)
Page 202

1:15pm - 2:45pm
(63) Infrahyoid Neck (ASHNR)
Page 204

1:15pm - 2:45pm
(64) Cerebral Angiography: Performance and
Complication (ASITN)
Page 205

2:45pm - 3:10pm
Afternoon Break
XLII
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3:15pm - 4:45pm
(65) ELC Workshop C: Advanced PowerPoint
Page 205

3:15pm - 4:45pm
(66) Parallel Scientific Paper Sessions
(A) Interventional: Aneurysms II (Page 205)
(B) Head and Neck: Skull Base, Temporal Bone, Sinonasal (Page 211)
(C) Adult Brain: Vascular, Extracranial (Page 218)
(D) Adult Brain: Demyelinating, Degenerative, Cerebrovascular and
Metabolic Diseases (Page 226)

4:45pm - 6:15pm
(67) Oral Cavity (ASHNR)
Page 232

4:50pm - 6:20pm
(68) Primary Stroke Centers: Implications for Diagnostic
and Therapeutic Neuroradiologists (ASITN)
Page 234

4:50pm - 6:20pm
(69) Advanced Imaging Seminar - Spectroscopy
Page 236

4:50pm - 6:20pm
(70) Structural Grey and White Matter Mapping in the
Cognitive Neurosciences (ASFNR)
Page 237

5:00pm - 6:00pm
(71) NLM Workshop: When PUBMED is Not
the Answer...

FRIDAY, MAY 5
6:30am - 7:55am
Breakfast

7:00am - 8:00am
(72) General Session: Minimally Invasive Imaging
Guided FNA of Neck and Skull Base Masses
Page 239

8:00am - 9:30am
(73) Maintenance of Certification (MOC) Review
Session - Head and Neck (ARS)
Page 239

8:00am - 9:30am
(74) Therapy for Intracranial Venous Disease (ASITN)
Page 240

9:30am - 9:55am
Morning Break

10:00am - 11:30am
(75) Parallel Scientific Paper Sessions
(A) Interventional: New Vascular Devices and Techniques (Page 241)
(B) Adult Brain: Neoplasms (Page 247)
(C) Adult Brain: Vascular - Intracranial (Page 255)
(D) Interventional: Aneurysms III (Page 261)

11:45am - 12:00pm
Closing Remarks

Notes
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Monday Morning
8:00 AM – 8:05 AM
Ballroom 6ABCF

PRESENTATION SUMMARY
The Brain Case Review Maintenance of Certification session
will employ the audience response system to provide an interactive presentation of unknown cases. The gamut of vascular,
infectious, traumatic, metabolic, demyelinating, neoplastic
and congenital lesions of the brain will be covered with individual case examples and audience questions. A wide range of
pathology and difficulty will be presented to simulated the
computer-based MOC examination in neuroradiology.

(1) Opening Remarks
— Patricia A. Hudgins, MD, ASNR President

Monday Morning
8:05 AM – 9:00 AM
Ballroom 6ABCF
(2) Maintenance of Certification
(MOC) – Brain Review Session –
Audience Response System (ARS)*
— David M. Yousem, MD, MBA
Moderators:

Meng Law, MD
David M. Yousem, MD, MBA

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the Maintenance of Certification
(MOC) Review Sessions.

Monday Morning
9:00 AM – 10:00 AM
Ballroom 6ABCF
(3) General Session: Pre- and PostTherapy Imaging of Intracranial Mass
Lesions – Audience Response System
(ARS)*
State of the Art Imaging Brain Tumors
— Meng Law, MD
MR Imaging and Advanced MR Imaging for Brain
Tumors: The Neurosurgical Perspective
— John Golfinos, MD
Pre- and Post-Treatment Imaging for Brain Tumors:
The Neurooncology Perspective
— Edward G. Shaw MD
Moderator:

Maintenance of Certification (MOC) - Brain Review
Session (ARS)
David M. Yousem, MD, MBA
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Demonstrate a limited differential diagnosis of intra- and
extra-axial masses in the brain.
2) Apply new technologies to diagnose vascular lesions of
the brain.
3) Differentiate between white matter lesions in the brain.

Meng Law, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the General Session.

Monday

NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.
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Monday

State of the Art Imaging Brain Tumors
Meng Law, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review how state of the art imaging of brain tumors such
as MR spectroscopy, perfusion and diffusion tensor imaging
can be used clinical practice.
2) Discuss how to increase our diagnostic accuracy and
specificity for differentiating tumoral from non-tumoral diseases such as ischemia, encephalitis, tumefactive demyelinating lesions and radiation necrosis.
3) To use advanced MRI techniques in solving problem
cases and understand the pitfalls associated with using these
techniques.
4) To apply an algorithmic approach to differentiating brain
lesions using diffusion, perfusion and MR spectroscopy.
PRESENTATION SUMMARY
MR spectroscopy, perfusion MR imaging, diffusion-weighted and diffusion tensor imaging are now widely utilized in
characterizing brain tumors: differentiating between neoplastic and nonneoplastic lesions, characterizing tumor biology and grade, targeting sites for biopsy, assessment of
tumor infiltration, progression and therapeutic response, and
identification of residual or recurrent tumor (1-3). MR spectroscopy is sometimes limited by its apparent low specificity. Increased Cho/Cr ratio is identified in numerous intracranial pathologies. To increase specificity, it is important to
compare the abnormal spectrum with one from the contralateral normal brain. Increased Cho levels in comparison with
the contralateral normal Cho, (i.e. Cho /Cho , is in keeping
with tumoral disease, with higher Cho levels indicating higher glioma grade). On the other hand, a decrease in
Cho /Cho would more likely favor nonneoplastic pathology, such as ischemia, encephalitis, radiation necrosis or a
tumefactive demyelination lesion. Dynamic susceptibility
contrast magnetic resonance imaging (DSC MRI) is one of
the most commonly used techniques for characterizing brain
tumors (4). It allows the noninvasive evaluation of hemodynamic parameters, such as cerebral blood volume (CBV),
cerebral blood flow (CBF), mean transit time (MTT), and
time to peak (TTP), as well as the estimation of the vascular
permeability. Acute ischemia generally demonstrates
decreased CBF and increased MTT/TTP. The CBV can be
elevated or decreased depending on the level of hypoperfusion (vasodilation due to autoregulation or collateral vascularization results in an increase in CBV, with more severe
hypoperfusion and chronic ischemia, CBV is decreased). We
propose a quantitative, algorithmic approach to imaging
brain tumors (5) which incorporates MR spectroscopy, diffusion and perfusion imaging, to increase our diagnostic accuracy and specificity in neurodiagnosis.
Abn

Abn

n

3. Law M, Yang S, Wang H, et al. Glioma grading: sensitivity,
specificity, and predictive values of perfusion MR imaging
and proton MR spectroscopic imaging compared with conventional MR imaging. AJNR Am J Neuroradiol 2003;
24:1989-1998
4. Cha S, Knopp EA, Johnson G, Wetzel SG, Litt AW, Zagzag D.
Intracranial mass lesions: dynamic contrast-enhanced susceptibility-weighted echo-planar perfusion MR imaging.
Radiology 2002; 223:11-29
5. Melhem ER. Advanced MR imaging of brain tumors: algorithmic approach. Proceedings of the Radiology Society of
North America 2005; Refresher course RC 205:119

MR Imaging and Advanced MR Imaging for Brain
Tumors: The Neurosurgical Perspective
John Golfinos, MD

Pre- and Post-Treatment Imaging for Brain Tumors: The
Neurooncology Perspective
Edward G. Shaw MD

Monday Morning
10:30 AM – 12:00 PM
Ballroom 6ABCF

n

REFERENCES
1. Law M. MR spectroscopy of brain tumors. Top Magn Reson
Imaging 2004; 15:291-313
2. Law M, Hamburger M, Johnson G, et al. Differentiating surgical from nonsurgical lesions using perfusion MR imaging
and proton MR spectroscopic imaging. Technol Cancer Res
Treat 2004; 3:557-566

(4a) SPINE: Evaluation of Spinal
Conditions
(Scientific Papers 1 – 12)
See also Parallel Sessions
(4b) PEDIATRICS: Miscellaneous
(4c) ADULT BRAIN: Neoplasms (Diffusion/Perfusion)
(4d) ADULT BRAIN: Cerebrovascular Disease
Moderators:

Peter Kalina, MD
Zoran Rumboldt, MD
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Hastreiter, D. · Jarvik, J. G. · Comstock, B. · Deyo, R. A. ·
Cohen, W. · Yee, N. · Gillespy, T. · Heagerty, P. J. · Turner, J.
· Martin, B. · Mirza, S.
University of Washington
Seattle, WA
PURPOSE
To determine the association between baseline lumbar spine
MR findings, in particular Type I endplate changes, and
measures of pain/function at baseline and follow up.
MATERIALS & METHODS
Subjects were part of an on-going prospective cohort study
of surgical fusion for diskogenic low back pain. All subjects
had MR evidence of disk degeneration present at least at one
but no more than two lumbar levels. Subjects were excluded
if they had predominant radicular or stenotic symptoms or a
prior lumbar spine fusion. Subjects completed baseline and
follow-up questionnaires every 3 months for 1 year that
included demographics, pain scales (0-10), Roland scale (a
measure of disability due to low back pain), and SF36 (a
general health-related quality of life measure). Four radiologists with spine imaging expertise independently reviewed
MR images for: “Modic-type” endplate change (Type I =
low T1 and high T2 signal, Type II = high T1 signal, Type III
= low T1 and T2 signal), disk height and signal loss, bulges,
protrusions, extrusions, root compromise, central and foraminal stenosis. Analyses included both univariate and multivariate analyses to determine the association between MR
findings, pain, and function. Our primary hypothesis was
that Type I endplate changes would be associated with pain
and function.
RESULTS
We have imaging data on 111 subjects, and questionnaires on
89 subjects at 3 months, 90 subjects at 6 and 9 months, and
82 subjects at 1 year. The mean age was 42 and 53% were
female. Eighty-three percent had their pain for more than 1
year. Only 37% of subjects were working full time while
46% were either already on or were applying for disability.
Surgical patients were defined as having had a lumbar fusion
within 6 months of enrollment; 28 (25%) of subjects were
surgical. Thirty subjects (27%) had Type I endplate changes,
with 11 (10%) having Type I change at more than one level.
Twenty-nine (26%) had at least one nerve root displaced or
compressed, and 10 (9%) had either moderate or severe central stenosis. The mean pain rating at baseline = 6.4 (2.1 sd)
improved over time to 5.3 (2.4 sd) at 12 months. The mean
Roland score at baseline = 16.4 (5.3 sd) improved to 13.2
(7.1 sd) at 12 months. Univariate analysis showed no association between Type I endplate changes and either pain or
Roland scores at baseline. In a multivariate linear regression,
after controlling for surgical status and baseline Roland, the
only imaging finding associated with 3 month Roland was
nerve root compromise (beta = 2.6, p = 0.01), with subjects
without root compromise doing better at 3 months. Beyond
3 months, Roland scores were similar between those with
and without root compromise.

CONCLUSION
Endplate changes do not appear to be associated with baseline or subsequent pain or function. However, nerve root
compromise, while not associated with pain, was associated
with poorer function at 3 months. Nerve root compromise
may indicate that function will recover more slowly, but
long-term outcomes appear similar regardless of root compromise. As our sample size increases and with longer follow up, associations between other imaging findings, symptoms, and function may become apparent.
KEY WORDS: Low back pain, endplate changes
Paper 2 Starting at 10:38 AM, Ending at 10:46 AM
Disk Space Response to Lidocaine Administration during
Lumbar Diskography: Association with Radial Tear and
Epidural Contrast Extravasation
Bartynski, W. S. · Rothfus, W. E.
Presbyterian University Hospital
Pittsburgh, PA
PURPOSE
Local anesthetic commonly is injected into a painful disk
after it is studied by lumbar diskography in order to
reduce/eliminate the patient’s pain during and after the procedure. Lidocaine administration into a painful disk has been
suggested also as an additional test that helps identify painful
disks that will respond well to surgical intervention. We
recently noted that some painful disks are responsive to lidocaine injection while others do not improve after lidocaine
administration. This appeared to be related to the presence or
absence of radial tear and extravasation of contrast into the
spinal canal and epidural space. The purpose of this study
was to evaluate for the presence/absence of pain reduction
after lumbar intradiskal lidocaine administration during
diskography and compare with the presence or absence of
radial tear/contrast extravasation on the diskogram images
and postdiskogram CT.
MATERIALS & METHODS
The clinical records, diskogram reports, and diskogram/postdiskogram CT imaging studies were reviewed retrospectively in 82 sequential patients who had lumbar diskography.
Intradiskal lidocaine was injected at 122 significantly
painful disk levels in 79 of these patients. The clinical
records and imaging studies were reviewed for documentation of response to the lidocaine injection and for the presence or absence of radial disk tear and contrast extravasation
at the studied disk space. Pain response was graded as: complete or substantial pain improvement, partial improvement,
or no significant improvement with/after lidocaine administration. Fluoroscopic imaging at diskography and the postdiskogram CT studies were evaluated for the disk space
characteristics in particular assessing for the presence or
absence of radial tear and contrast extravasation. These
results were tabulated and compared.
RESULTS
Sixty-two of the 122 painful disk spaces demonstrated radial tear/contrast extravasation into the spinal canal, neural
foramen or both while 60 disk spaces contrast remained contained without extravasation. In the 62 disk spaces with contrast extravasation 45 (72%) demonstrated complete or sub-
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Paper 1 Starting at 10:30 AM, Ending at 10:38 AM
Diskogenic Low Back Pain: MR Correlates with Baseline
and Follow-up Symptoms and Function
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stantial pain reduction after intradiskal lidocaine administration, 13 (21%) disks demonstrated partial pain improvement
and 4 (6.5%) demonstrated no pain relief. In the 60 contained painful disk spaces, 48 (80%) demonstrated no
improvement after lidocaine administration, 6 (10%) demonstrated partial improvement, and 6 (10%) demonstrated complete relief. Many patients demonstrated more than one
painful disk with both types of disk space response to local
anesthetic.
CONCLUSION
Painful lumbar disks with radial tears and contrast extravasation are highly responsive to intradiskal lidocaine administration while contained painful disks tend not to improve
after lidocaine administration. The local anesthetic must be
reaching the location of pain provocation in the responsive
painful disks while the anesthetic must not reach the injured
painful tissue in the majority of contained painful disks. This
observation has implications with respect to targeting the
origin of a patients back pain and may have specific implications with respect to choice of treatment. This also might
help explain the response of low back pain to epidural
steroid/anesthetic administration as well as the variable
response to many disk treatment methods.
KEY WORDS: Diskogenic pain, diskography, anesthetic
response
Paper 3 Starting at 10:46 AM, Ending at 10:54 AM
Evaluation of Normal Metrics in the Spinal Cord with
Axial Diffusion Tensor Imaging
Hesseltine, S. M. · Law, M. · Lopez, S. · Babb, J. · Johnson, G.
New York University
New York, NY
PURPOSE
In vivo diffusion tensor imaging (DTI) of the human spinal
cord has been shown to detect pathologic changes including
those associated with multiple sclerosis and spondylosis (13), using metric analyses including measurement of fractional anisotropy (FA) and mean diffusivity (MD); the changes
in these metrics relate to multiple factors including axonal
density, myelination, and cell membrane integrity (4). In a
recent investigation, spatial data obtained in various spinal
cord regions was shown to be useful in the evaluation of MS
(5). However, normal values for DTI metrics in the spinal
cord, which may be useful in the clinical evaluation of individual patients, have not been established. The purpose of
this study is to determine normal values for FA, MD, and the
three principle eigenvectors in various regions of the spinal
cord white matter and gray matter, in a population of normal
patients.
MATERIALS & METHODS
Diffusion tensor imaging of the upper cervical spine was
performed in 20 healthy volunteers, using pulsed gradient,
double spin-echo, echo-planar imaging (2000/74; 128 x 128
matrix; 140 x 140 mm FOV; 10 contiguous 4 mm slices; b =
1000 s/mm2 at 1.5 T). At the C2-3 level, average FA, MD
and the three principle eigenvalues, major (E1) and minor
(E2 and E3), were calculated within regions of interest
(ROIs) at the anterior, lateral, and posterior regions of the
spinal cord, with separate bilateral ROIs at each of these

positions, as well as ROIs central gray matter and left and
right anterior gray matter.
RESULTS
The average age of the normal patients was 32.9 ± 14.0 years
(average ± standard deviation). Regions of interest in the
anterior cord white matter (WM) demonstrated significantly
lower FA than those in lateral and posterior white matter (p
< 0.001 and p = 0.001, respectively). The anterior WM ROIs
also demonstrated increased MD compared to lateral and
posterior ROIs (p = 0.003 and p = 0.01, respectively). Gray
matter (GM) ROIs showed significantly decreased FA compared to the lateral and posterior WM ROIs (p < 0.001) but
did not differ significantly from the anterior WM ROIs. No
significant difference between left- and right-sided measurements was detected.
DTI metrics at the C2-3 in 20 normal volunteers (MD x10^-3mm^-2s^-1)
Anterior
Left

Right

Lateral
Left

Posterior
Right

Left

Right

Gray Matter
Central

Left

Right

FA

0.50±0.09 0.49 ±0.11 0.71±0.09

0.68±0.09 0.66±0.10 0.66±0.10

0.56±0.05 0.45±0.04 0.45±0.07

MD

1.00±0.17 0.99±0.18

0.77±0.13

0.78±0.12 0.82±0.14 0.80±0.11

0.81±0.07 0.82±0.08 0.80±0.08

E1

1.60±0.20 1.58±0.27

1.55±0.25

1.53±0.26 1.58±0.28 1.53±0.25

1.39±0.15 1.26±0.16 1.24±0.15

E2

0.82±0.20 0.82±0.19

0.48±0.13

0.50±0.10 0.55±0.11

0.52±0.07

0.61±0.05 0.70±0.09 0.66±0.10

E3

0.57±0.17 0.57±0.17

0.29±0.11

0.32±0.09 0.36±0.11

0.36±0.11

0.43±0.06 0.49±0.05 0.50±0.07

CONCLUSION
The study demonstrates DTI to be able to evaluate various
spinal cord regions in the axial plane. Data (including the
three principle eigenvalues) obtained in normal patients may
prove useful in the evaluation of patients and for comparison
with other pathologic states.
REFERENCES
1. Clark CT, et al. Magn Reson Med 2000;43:133-138
2. Facon D, et al. AJNR Amer J Neuroradiol 2005;26(6):15871594
3. Mamata H ,et al. J Magn Reson Imaging 2005;22(1):38-43
4. Schwartz E, et al. AJNR Amer J Neuroradiol 2005;26:390-397
5. Hesseltine SM, et al. Proc Intl Soc Mag Reson Med
2005;13:811

KEY WORDS: Diffusion tensor imaging, spine
Paper 4 Starting at 10:54 AM, Ending at 11:02 AM
Diffusion and Cerebral Spinal Fluid Flow MR Imaging
in the Evaluation of Cervical Stenosis
Wirt, M. D. · Chin, C. T. · Gillum, L. A. · Weinstein, P. R. ·
Engstrom, J. W.
University of California San Francisco
San Francisco, CA
PURPOSE
Patients with spondylitic cervical myelopathy have been evaluated separately with MR diffusion-weighted imaging (DWI)
with apparent diffusion coefficient (ADC) maps and cerebral
spinal fluid (CSF) flow studies. Diffusion-weighted imaging
with ADC may be more sensitive in detecting early cervical
myelopathic changes compared to T2-weighted sequences.
Evaluation of CSF flow in cervical myelopathy demonstrates
variations in CSF flow dynamics and spinal cord motion
dependent on the degree of stenosis. Simultaneous acquisition
of DWI and CSF flow data in evaluation of cervical stenosis
has not been performed previously. To evaluate patients with
cervical stenosis with DWI and CSF flow studies.
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RESULTS
Ten patients underwent MR imaging: [3 male, 7 female;
mean age 69.2 years (range 56-76 years)]. All patients had
radiographic evidence of cervical spinal stenosis (3 moderate; 7 severe). Three patients had normal clinical examination. Seven patients had myelopathy on clinical examination.
All patients with normal clinical examinations had normal
cord signal. Five patients with myelopathy had abnormal T2
cord signal at the level of stenosis. On DWI, 2 of the 3 clinically normal patients and 5 of the 7 myelopathic patients
had abnormal DWI. All patients with abnormal DWI demonstrated increased diffusion confirmed on ADC. All patients
demonstrated attenuation of CSF flow at the level of greatest
stenosis, with paradoxical cervical cord motion present in 8
of 10 patients. Six of the 7 myelopathic patients underwent
surgical decompression with clinical improvement in 4 of
the 6 patients. In the 2 patients with no apparent postoperative improvement, (one with moderate stenosis and normal
cord signal, the second with severe stenosis and abnormal
cord signal) paradoxical cord motion was not observed on
the CSF flow studies.
CONCLUSION
Diffusion-weighted imaging and CSF flow studies are sensitive modalities in evaluation of cervical stenosis. Increased
cord DWI, attenuated CSF flow, and paradoxical cord
motion are observed in moderate and severe stenosis in
patients with or without cord T2 signal abnormality. The
absence of paradoxical cord motion (either related to lack of
cord compromise or to severe canal stenosis and cord compression) may prove to be a useful prognostic indicator.
KEY WORDS: Diffusion, stenosis, flow
Paper 5 Starting at 11:02 AM, Ending at 11:10 AM
Evaluation of the Spinal Cord in Spondylosis Using
Diffusion Tensor Imaging: Changes in Regional Minor
Eigenvalues
Hesseltine, S. M. · Law, M. · Lopez, S. · Babb, J. · Johnson,
G.
New York University
New York, NY
PURPOSE
Diffusion tensor imaging (DTI) has shown promise in the

evaluation of white matter tract integrity, and is able to detect
changes in the spinal cord in spondylosis (1, 2), typically
consisting of decreased fractional anisotropy (FA) and
increased mean diffusivity (MD). Fractional anisotropy and
MD changes may not be sufficient to differentiate between
potentially reversible edema and irreversible gliosis the setting of spondylosis; however, the evaluation of major (E1)
and minor (E2, E3) eigenvalues, from which FA is calculated, may assist in identifying subgroups of patients. The purpose of this study is to compare DTI metrics in the normalappearing spinal cord (NASC) in patients with severe multilevel cervical spondylosis with normal volunteers, evaluating changes in FA, MD, E1, E2 and E3.
MATERIALS & METHODS
Cervical spine DTI was performed in 11 patients with severe
multilevel spondylosis, with evidence of spinal cord compression - but no cord signal abnormality - on conventional
MR imaging, as well as 10 healthy volunteers, using axial
pulsed gradient, double spin-echo, echo-planar imaging
(2000/74; 128 x 128 matrix; 140 x 140 mm FOV; 10 contiguous 4 mm slices; b = 1000 s/mm2 at 1.5 T). At the C2-3,
C3-4, and C4-5 levels, average FA, MD, E1, E2, and E3
were calculated within regions of interest (ROIs) at the anterior, lateral, and posterior regions of the spinal cord, with
separate bilateral ROIs at each of these positions.
RESULTS
The average age of spondylosis patients was 67.2 ± 9.8 years
(average ± standard deviation) vs 33.4 ± 15.2 years in controls (p < 0.001). Fractional anisotropy was not significantly
different comparing disease to control groups in any of the
ROIs at the C2-3 or C3-4 levels, which generally were not
affected by spinal cord compression. However, at the C4-5
level which typically demonstrated spinal cord compression
in our disease group, significantly decreased FA was demonstrated in all ROIs. There was no significant difference in E1
in any of the ROIs; however, E2 and E3 were significantly
increased in disease patients at the C4-5 level (see Table).
Regional axial DTI metrics at C4-5 in 11 spondylosis patients and 10 controls (MD x10-3mm-2s-1).
Anterior
Posterior
Cases
Controls
P-value
Cases
Controls
P-value
FA
0.49±0.10
0.56±0.09
0.02
0.57±0.07
0.71±0.09
<0.001
MD
0.94±0.19
0.82±0.11
0.02
0.87±0.18
0.78±0.11
0.06
E1
1.48±0.30
1.42±0.19
0.41
1.51±0.31
1.57±0.26
0.46
E2
0.77±0.20
0.62±0.12
0.005
0.66±0.17
0.47±0.11
<0.001
E3
0.55±0.15
0.43±0.11
0.008
0.44±0.12
0.31±0.08
<0.001
Lateral
Central
Cases
Controls
P-value
Cases
Controls
P-value
FA
0.59±0.10
0.71±0.05
<0.001
0.52 ±0.09
0.63±0.08
0.006
MD
0.82±0.27
0.76±0.11
0.28
0.91±0.19
0.77±0.09
0.05
E1
1.48±0.32
1.51±0.20
0.72
1.50±0.31
1.43±0.22
0.55
E2
0.67±0.25
0.47±0.07
0.001
0.72±0.19
0.54±0.09
0.02
E3
0.40±0.15
0.30±0.10
0.015
0.52±0.14
0.36±0.06
0.003

CONCLUSION
The study has demonstrated increased minor eigenvalues in
the setting of chronic spondylosis, with preservation of the
major eigenvalue. In the spinal cord, the minor eigenvalues
typically correspond to transverse diffusion, perpendicular to
the longitudinal axis of the spinal cord. Animal studies have
suggested that increases in the minor eigenvalues occur in
the setting of demyelination and increased axonal diameter;
the minor eigenvalues were affected also by additional factors including protein integrity (3). Increased transverse diffusion seen in the NASC of patients with cervical spondylosis suggests possible microscopic demyelination and axonal
compromise.
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MATERIALS & METHODS
Patients with clinical symptoms of cervical stenosis were
referred by neurologists and neurosurgeons for MR imaging
from November 2004 to November 2005. (Philips 1.5 T
Gyroscan Intra, the Netherlands: Axial and sagittal T2 (TR
2300; TE 100; NEX 8; FOV 20; 256 x 512 matrix; slice
thickness 3/0.3 mm; ETL 16); sagittal cine CSF flow (TR 14;
TE 11; FOV 20; 96 x 256 matrix; pulse velocity 5cm/s; slice
thickness 8 mm; peripheral pulse gated); sagittal DWI with
ADC map (multishot SE; EPI 9; TE 18; peripheral pulse
gated; FOV 22; 128 x 128 matrix; slice thickness 5/0.5 mm;
b-value 400 sec/mm2). Apparent diffusion coefficient maps
were obtained utilizing existing software available on the
MR scanner. Images were reviewed by two neuroradiologists who were blinded to the patients’ clinical examination.
Correlation was made to the neurologic examination and
clinical records.
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Paper 6 Starting at 11:10 AM, Ending at 11:18 AM
Immediate Response of Low Back Pain and Sciatica to
Fluoroscopically Guided Lumbar Epidural Steroid and
Bupivicaine Administration
Jennings, R. B. · Bartynski, W. S. · Rothfuls, W. E.
Presbyterian University Hospital
Pittsburgh, PA
PURPOSE
Lumbar epidural steroid injection (LESI) is administered
commonly to patients for treatment of lower back pain,
spinal stenosis, and sciatica. Most studies have focused on
the mid- to long-term outcome of pain relief related to the
steroid administration. Pain reduction is reported occasionally immediately after the LESI procedure, even before the
patient leaves the procedure suite. Pain reduction identified
at this time presumably was related to the effects of the local
anesthetic vehicle. The purpose of this study was to evaluate
the immediate effects of standard lumbar epidural steroid
and bupivicaine administration on back pain and leg pain
after fluoroscopically guided LESI.
MATERIALS & METHODS
The physician record, spine nursing record, and procedure
imaging were evaluated retrospectively in 96 LESIs performed in 67 patients treated for back pain and/or radiculopathy with standard fluoroscopically guided lumbar
epidural steroid (methylprednisilone 80 mg) and bupivicaine
( 0.25-0.5%; 2-3 cc) administration. Forty-six patients had a
single LESI and 21 patients had multiple LESI treatments.
Nursing documentation of the patient’s pre and postprocedure pain scale level were identified and tabulated.
Postprocedure pain level typically was recorded 15 minutes
after procedure completion. Pain reduction after
steroid/bupivicaine administration was graded as percent
reduction of the preprocedure pain level. Pain improvement
was grouped into 5 equally divided categories based on percent pain reduction.
RESULTS
The results are summarized in Table 1. Overall, in 54 (58%)
injections, patients achieved 80-100% immediate pain relief
after LESI. In 48 (50%) of these injections, patients were
completely pain free after the LESI procedure. Results were
slightly better for patients who received multiple injections
(62%) as compared to a single LESI treatment (50%). In 11
of 21 patients who received multiple LESI treatments, a consistent pain improvement response was noted. In 3 of 21
patients, pain response improved after the initial injection. In
7 patients, pain response was variable over multiple injections due to a variety of causes to include: different injection
level, different initial distribution of the injectate, and multiple overlapping causes of back pain.

Single LESI
Multiple LESIs
Overall Total

Percent Pain Relief From LESI Injection
80-100% 60-79%
40-59%
Total #
#
#
#

20-39%
#

Patients

Injections Injections

46
21
67

Injections

23
31
54

Injections

Injections1

6
5
11

3
6
9

6
4
10

0-19%
#

8
4
12

CONCLUSION
A large percentage of patients treated for back pain or sciatica by LESI receive total or substantial pain relief immediately after the LESI procedure, presumably due to the
infused local anesthetic. This suggests that various epidural
accessible pain receptors in the spinal canal are responsible
for pain in these patients. This observation may have diagnostic implications in targeting the cause of low back pain or
sciatica and could be useful in predicting outcome from
future injection procedures or interventional treatments.
KEY WORDS: Low back pain, sciatica radiculopathy, epidural steroid administration
Paper 7 Starting at 11:18 AM, Ending at 11:26 AM
Postcontrast Imaging of the Spine at 3 T: T1 FLAIR vs
T1 FSE
Shapiro, M. D. · Hartker, R. · Williams, D. · Ramnath, R. ·
Magee, T. · Wasudev, N. · Lees, J.
Neuroskeletal Imaging of Winter Park
Winter Park, FL
PURPOSE
Because of prolonged T1 relaxation times of fluid, soft tissues, and bone marrow at 3 T, T1 FLAIR has been shown to
be better than T1 spin-echo pulse sequences in differentiating between normal and abnormal soft tissues as well as soft
tissue - cerebrospinal fluid (CSF) interfaces in the spine on
noncontrast imaging at the increased field strength. The purpose of this study was to determine whether T1 FLAIR was
superior, equal, or inferior to T1 FSE in demonstrating contrast enhancement in both normal and abnormal tissues.
MATERIALS & METHODS
One hundred patients prospectively were imaged on a GE 3
T Excite HD MR system with both T1 FLAIR and T1 FSE
after injecting gadolinium DTPA (1mmole/kilo). In 50
patients the T1 FSE was the first postcontrast study. In the
other 50 patients T1 FLAIR was performed prior to T1 FSE.
All scans were reviewed separately by either two neuroradiologists or one neuroradiologist and one radiologist with
extensive MR imaging experience for both the number and
conspicuity (scale 1-3) of enhancing abnormalities. It was
impossible to blind for T1 FSE vs T1 FLAIR because of the
marked disparity in the signal intensity of CSF on the two
pulse sequences.
RESULTS
Fifty-six enhancing abnormalities were identified on both
the T1 FSE and T1 FLAIR sequences. No abnormality was
identified on one pulse sequence that was not delineated on
the other. The conspicuity of six lesions was slightly better
on the T1 FSE. Fat saturation, when used, was equal on both
pulse sequences.
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Paper 8 Starting at 11:26 AM, Ending at 11:34 AM
Functional MR Imaging Studies of Pain in the Spinal
Cord and Brain Stem
Stroman, P. W.
Queen’s University
Kingston, ON, CANADA

experiments with thermal stimuli, and showed a consistent
pattern of variation between trials.
CONCLUSION
The sensitivity of the results is demonstrated by the fact that
real physiologic variations were detected across repeated
applications of noxious thermal stimuli. The consistency of
active areas identified across subjects was improved with the
use of physiologic recordings as models of signal variation
in the analysis using a general linear model. This demonstrates that the sensitivity of the method was improved, and
that reliable conclusions can be made from the results of
individual experiments. The results also have demonstrated
the ability to map activity at various points along the
spinothalamic pathway, providing more information for
making reliable interpretations of spinal cord function based
on spinal fMRI results.
KEY WORDS: Function, functional MR imaging, human

PURPOSE
Spinal fMRI has been shown to be effective for mapping
function in groups of subjects, and potential sources of errors
have been identified. The purpose of the current research is
to reduce the occurrence of errors and develop a reliable
method that can be used to assess individuals.
MATERIALS & METHODS
Spinal fMRI studies were carried out in a 3 T Siemens
Magnetom Trio using a phased-array spine receiver coil with
subjects lying supine. Hot and cold thermal stimulation of
the skin on the hand was used to elicit activity in the cervical spinal cord, by means of a Medoc® TSA-II thermal sensory analyzer. Functional image data were acquired with a
half-fourier single-shot fast spin-echo sequence (HASTE)
with the echo time set at minimum (38 msec) to obtain
essentially proton density-weighted images. Signal intensity
changes observed upon a change in neuronal activity were
the result of signal enhancement by extravascular water protons (SEEP), as described previously. In separate studies
image data were acquired with an 18 cm x 9 cm, or a 20 cm
x 10 cm FOV, with a 192 x 96 matrix, of 2 mm thick contiguous sagittal slices. Spatial suppression pulses were
applied to eliminate signal from anterior to the spine and to
eliminate aliasing. Images were either centered on the C7
vertebra, or were positioned to span from the T1/C7 disk to
the thalamus. The peripheral pulse and respiration were
recorded continuously during each study. The resulting
three-dimensional image data were analyzed with custommade software written in MatLab, and physiologic recordings were used in the analysis (using a general linear model
approach) to improve the discrimination between physiologic motion and signal intensity changes arising from neuronal
activity.
RESULTS
Spinal fMRI data consistently demonstrated areas of activity
in the spinal gray matter that correspond well with spinal
cord neuroanatomy. Sensory and apparent reflex activity
were demonstrated in the cervical spinal cord, and areas of
activity also were observed consistently in the medulla and
thalamus. Use of physiologic recordings in the analysis
improved the consistency of the results between subjects.
Assessments of individual trials in each volunteer were carried out, and were compared with the temperature of stimulation, and with the order within the sequence of repeated

Paper 9 Starting at 11:34 AM, Ending at 11:42 AM
Correlation of Axial and Radial Diffusivities with White
Matter Pathology in Cervical Spinal Cord Lesions of
Multiple Sclerosis
Benzinger, T. L. S. · Liang, H. · Sun, S. · Cross, A. H. ·
Schmidt, R. E. · Song, S.
Washington University St. Louis
St. Louis, MO
PURPOSE
The directional components of diffusion tensor imaging
(DTI) can be separated into components parallel (λ-axial)
and perpendicular (λ-radial) to white matter tracts. In mouse
models of spinal cord injury from trauma and experimental
autoimmune encephalomyelitis (EAE), decreases in the parallel diffusivity component (λ-axial) are associated with
axonal injury and increases in the perpendicular diffusivity
(λ-radial) component are associated with myelin injury.
Here, we use quantitative DTI of human cervical spinal cord
samples to identify patterns of changes in association with
multiple sclerosis (MS) and to further determine their histologic correlates.
MATERIALS & METHODS
Human cervical spinal cord samples fixed in formalin were
obtained at autopsy from 10 patients with a history of MS
and seven controls. Diffusion tensor imaging was performed
using an Oxford 4.7 T magnet with a Varian UNITY-INOVA
console. A 8 mm solenoid coil was used for transmission and
reception. Axial images were obtained with diffusion sensitizing gradients applied in six orientations with b-values of 0
and 1.813 ms/µm2. For the control samples, regions of interest (ROIs) were selected according to the major anatomical
sections of the cervical spinal cord. Diffusion tensor imaging
parameter maps were calculated for λ-axial, λ-radial trace
and relative anisotropy (RA) using Matlab. For the MS samples the standardized ROIs were evaluated. In addition, 94
unique ROIs were identified. Histologic staining included
Luxol fast blue (LFB) for myelin and antibody staining for
phosphorylated neurofilaments.
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CONCLUSION
1) T1 FLAIR without and with fat saturation may be used on
postcontrast imaging of the spine at 3 T. 2) Since the conspicuity was slightly better in roughly 10% using T1 FSE,
we continue to use T1 FSE in the axial plane on all postgadolinium MR images of the spine at 3 T. 3) Fat saturation
is of equal quality on T1 FLAIR and T1 FSE.
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cedures performed between 1993 and 2004. We retrospectively reviewed locations of the lesions, biopsy techniques,
sizes of needles used, microbiologic and pathologic findings,
medical records, clinical diagnosis and follow-up results
from 116 fluoroscopy/CT-guided procedures (80 aspiration/
36 core biopsies) in 109 patients. Whether the patients
received preprocedural antibiotic treatment was determined.
We compared culture results of aspiration and core biopsies,
lesion location, biopsy location and needle size in relation to
time and duration of antibiotic treatment.

CONCLUSION
This study establishes normative values for the major parallel and perpendicular orientations of diffusivity in fixed
human cervical spinal cord at 4.7 T. Quantitative DTI analysis of specimens obtained from patients with multiple sclerosis identified 94 unique ROIs in addition to the standardized anatomical segments. Significant (p < 0.05) increases or
decreases in RA, trace, λ-axial, and λ-radial follow five
major patterns. Correlation with the histology demonstrates
correspondence to known patterns of MS plaques, ranging
from mild demyelination to severe demyelination, with and
without axonal loss. In addition, one pattern is suggestive of
a shadow plaque which may represent a MS lesion which has
undergone remyelination. In the future, application of this
type of quantitative DTI may allow us to identify more reliably MS plaques which may respond favorably to therapeutic agents and to follow the progression of disease or healing
on a lesion-specific basis.
KEY WORDS: Multiple sclerosis, cervical, diffusion
Paper 10 Starting at 11:42 AM, Ending at 11:50 AM
Image-Guided Percutaneous Aspiration/Biopsy of Spinal
Infections
Uzuner, O. · Sari, S. · Aygun, N. · Yousem, D. M.
The Johns Hopkins Medical Institutions
Baltimore, MD
PURPOSE
We sought to determine the factors that affect the chance of
obtaining a positive culture in patients with
diskitis/osteomyelitis of the spine.
MATERIALS & METHODS
One hundred and nine patients (72 males, 37 females, mean
age 54 years with SD +/- 13.8 years) with signs and symptoms suggesting spinal infection underwent either fluoroscopy-guided or CT-guided consecutive spine biopsy pro-

RESULTS
Fifty-nine (51%) of the procedures were performed while the
patients were on antibiotic treatment or stopped receiving
antibiotics within 72 hours of the procedure. Fifty-seven
(49%) of the procedures were performed on patients who did
not receive antibiotics within last 3 days. In this group, 8
patients received long-term antibiotic treatment within last 6
weeks for other reasons. Of the 116 procedures, 44 yielded
positive culture results (38%) and 72 yielded negative culture results (62%). A microorganism was isolated in 31% and
46% of the patients who are on antibiotics and who are not,
respectively. Of 116 procedures, samples were taken from
the disk space in 32, the bone in 28, the paravertebral soft tissue in 50, the facet joint in 5, and epidural space in 1. The
location of the biopsies was: cervical in 7, thoracic in 36,
lumbar in 65, and sacrum in 8 patients. Of the culture results
of 80 aspirations, 30 were positive (37.5%). Fifteen of 36
(42%) aspiration biopsies without antibiotic treatment were
positive. Of the culture results of 36 core biopsies, 14 were
positive (39%). Eleven of 21 (52%) core biopsies without
antibiotic treatment were positive. Eleven procedures performed with 11-15 G needles yielded 4 positive (36%)
results. Four procedures performed with 11-15 G needles
without antibiotic treatment yielded 3 positive (75%).
Thirty-nine procedures performed with 16-19 G needles
yielded 16 positive (41%) culture results. Twenty-two procedures performed with spinal needles between 16-19 G without antibiotic treatment yielded 11 positive results (50%).
Sixty procedures performed with 20-22 G yielded 20 positive (%33). Twenty-five procedures performed with spinal
needles between 20-22 G without antibiotic treatment yielded 9 positive (36%). Of the culture results of 32 specimens
from the disk space, 9 were positive (28%). Of the culture
results of 16 specimens from disk space without treatment, 5
were positive (31%). Of the culture results of 28 specimens
obtained from bone, 13 were positive (46%). Of the culture
results of 18 specimens from bone without antibiotic treatment, 12 were positive (67%).
CONCLUSION
In the era of aggressive antibiotic treatment, the yield from
percutaneous spine aspiration/biopsies is low. Aspiration
with large caliber needles and core biopsy from the vertebral
body/endplate increase the chance of isolating a microorganism.
KEY WORDS: Biopsy, aspiration, core
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Paper 11 Starting at 11:50 AM, Ending at 11:55 AM
MR Imaging of Hypocupremia Associated Myelopathy

Vanderbilt University Medical Center
Nashville, TN
PURPOSE
Emphasize the association of copper deficiency
(hypocupremia) as a cause of myelopathy. Copper deficiency is an under-recognized cause of myelopathy in adults,
with a clinical and imaging picture similar to B12 deficiency.
MATERIALS & METHODS
A 45-year-old male presented with an 18-month history of
progressive diffuse muscle weakness, most marked in the
lower extremities, as well as bilateral parasthesias in a stocking-glove pattern. On exam, the patient had atrophy of the
muscles of the lower extremities, hypertonia, and hyperreflexia as well as decreased proprioception and vibratory
sense. Evaluation included MR exams of the brain and cervical spine, which demonstrated hyperintense T2 signal in
the dorsal spinal cord. Cerebral spinal fluid analysis was normal except for slightly elevated protein. EMG showed moderately severe axonal sensorimotor polyneuropathy with no
evidence of demyelinating disorder and no evidence of widespread denervation to suggest a motor neuron disease. The
patient was pancytopenic, including a white blood cell count
of 2.1 K/uL (3.9-10.3), hemoglobin of 9.2 g/dL (14.0-18.0)
and platelet count of 128 K/uL (135-370). Serum CPK,
folate, B12 and methylmalonic acid were within normal limits. Heavy metal urine screen was negative as was RPR.
Serum copper and ceruloplasmin levels were significantly
low at 11 mcg/dL (70-140) and 6 mg/dL (25-63), respectively. Given the extensive workup and review of the literature,
hypocupremia was felt to be the cause of the patient’s
myelopathy. The patient was discharged on oral copper supplementation and will received continued care at another
institution.
RESULTS
Brain MR exam was normal. Cervical spine MR imaging
demonstrated T2-hyperintense signal in the dorsal columns
extending from C1 to the level of C5. There was no cord
expansion or abnormal enhancement.
CONCLUSION
Copper deficiency is a cause of myelopathy in adults, with a
clinical and imaging picture similar to subacute combined
degeneration of B12 deficiency. The myelopathic changes
associated with hypocupremia only recently have been
described. Copper is a component of enzymes and proteins
which play important roles in the structure and physiology of
the central nervous system. Because of the low daily requirements and the wide distribution in foods, copper deficiency
due to an inadequate diet is rare. Common causes include
malabsorption, particularly in patients with gastric surgeries;
patients on copper deficient total parenteral nutrition, and
complications of zinc, penicillamine, and alkali therapy.
Often the cause is unknown. The most consistent finding on
spine MR images is T2-hyperintense signal in the dorsal
columns, similar to B12 deficiency. Other causes of T2hyperintense signal in the dorsal columns include folate defi-

KEY WORDS: Cervical spinal cord, dorsal columns, copper
deficiency
Paper 12 Starting at 11:55 AM, Ending at 12:00 PM
Unusual Case of Diskitis Osteomyelitis Complex, Spinal
Fungal Meningitis with Candida Glabarta, and Lumbar
Epidural Abscess with Air and Bowel Flora
Elsayed, S. S. · McIntyre, J. J.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
To illustrate an unusual case of diskitis osteomyelitis complex, spinal fungal meningitis caused by Candida glabarta,
and a lumbar epidural abscess with bowel flora extending
from the rectum in a patient with a history of treated rectal
carcinoma and radiotherapy.
MATERIALS & METHODS
A 77-year-old female presented to her PCP with a 1-week
history of foot drop, worsening back pain, low grade fevers,
chronic diarrhea, anorexia, and decreased ability to ambulate. Labs were drawn and the patient sent home. The next
day she experienced worsening back pain and difficulty
walking and was admitted to the ED where she was found to
have acute renal failure. An emergent MR image of her spine
was performed. She was treated for an L5/S1 diskitis and
epidural abscess. Abdomen CT was performed because of
presacral collection seen at MR imaging and she then was
considered to have a complication of her prior radiotherapy
and treated rectal cancer. The patient was taken to the OR by
general surgery and neurosurgery, for treatment of an epidural abscess and presumed recto sigmoid infection and perforation with presacral abscess. The presacral abscess grew
E.coli, Klebsiella, Streptococcus, and Bacteroides fragilis.
Lumbar puncture yielded frank pus and CSF cultures grew
Candida glabarta. Patient died 17 days after admission.
RESULTS
MR imaging of the spine demonstrated increased T2 signal
intensity in the L5/S1 disk space, in the adjacent vertebral
bodies, and the paraspinal soft tissues including the presacral
space and obturator region. Gadolinium-enhanced studies
with fat suppression demonstrated enhancement within the
L5/S1 disk space, surrounding soft tissues, and subarachnoid
space in addition to heterogeneous areas of low signal intensity in the presacral region and epidural space suggestive of
fluid and gas collections. CT scan of the abdomen and pelvis
was requested for further evaluation and demonstrated air in
the presacral region, prevertebral soft tissues, the right iliac
vein, and within the spinal canal. Postoperative MR imaging
of the lumbar spine demonstrated progression of enhancement in the thecal sac.

Monday

Allred, J. W. · Aulino, J. M. · Strother, M. K.

ciency, syphilis, multiple sclerosis, and toxin exposure.
Hematologic abnormalities appear to be associated with
most cases of copper deficiency myelopathy. Copper therapy leads to recovery of the anemia and leukopenia, but only
variable recovery of the neurologic deficits. Copper deficiency should be considered in the differential diagnosis of
cervical cord dorsal column T2-hyperintense signal, especially when hematologic abnormalities are present.
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Paper 13 Starting at 10:30 AM, Ending at 10:38 AM
Evidence of Volume Loss in an Adult Population with
Childhood Lead Exposure: Voxel-Based Morphometric
Analyses of MR Imaging
Cecil, K. M.1 · Adler, C. M.2 · Jarvis, K.2 · Egelhoff, J. C.1 ·
Dietrich, K. N.2 · Elangovan, I.1 · Lanphear, B.1
1

Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, 2University of Cincinnati, Cincinnati, OH
PURPOSE
The developing brain is particularly sensitive to environmental toxins. Ongoing research of a birth cohort recruited
over 20 years ago has shown that cognitive, developmental,
and behavioral deficits correlate with measured blood lead
levels. As these subjects enter adulthood, we investigated the
influence of childhood lead exposure with alterations in
brain structure assessed with voxel-based morphometric
(VBM) analyses of high-resolution MR imaging.

CONCLUSION
This case illustrates the importance of the past medical history in the evaluation of diskitis presentations. Fungal
meningitis and epidural abscess with bowel flora is a rare
combination in an immune competent patient.
KEY WORDS: Spine, infection
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MATERIALS & METHODS
One hundred fifty-nine members of the lead study cohort,
ages 20-23 years, completed an imaging protocol using a 1.5
T MR scanner. An axial 3D, inversion recovery prepped,
fast-spoiled gradient-echo (3D IR FSPGR) was acquired for
VBM analyses. All automated image processing was performed using Statistical Parameter Mapping software
(SPM2). Blood lead levels were measured in this cohort
every 3 months for the first 5 years of life and every 6
months from 5 - 6.5 years with a mean value determined for
childhood. For the studied cohort, the mean blood lead levels ranged from 4.7 to 37 ug/dL. The SPM2 program for
VBM allows segmentation of tissue classes (gray, white and
CSF) and comparison of structural imaging volumes with
continuous and/or categorical variables. Comparisons with
mean childhood blood lead levels adjusted for possible confounding demographic variables (age, gender), cognitive
performance measures (IQ), marijuana usage, and birth histories (birth weight, and gestational age) were performed. A
linear regression model was used to evaluate the correlation
between brain volumes and mean lead levels adjusted for
significant confounders.
RESULTS
Gray matter (GM) reductions were observed in frontal, temporal, parietal, and occipital lobes, the basal ganglia and the
cerebellum for the lead cohort. Regional clusters (p < 0.001,
with a cluster threshold minimum of 200 voxels) demonstrate gray matter loss significantly correlates with increasing lead exposure. White matter (WM) reductions associated
with mean childhood blood lead levels, while present, were
not as diffuse as the gray matter. The most significant WM
volume loss associated with mean childhood blood lead levels is found in orbital frontal white matter.
CONCLUSION
Voxel-based morphometric analyses of high-resolution MR
images offers novel information about the regions altered by
childhood lead exposure. Subjects exposed to significant
levels of lead during childhood demonstrate reductions in
total brain volume with regional gray and white matter
deficits that correlate with mean childhood blood lead levels.
In particular, frontal lobe gray and white matter reductions
may explain deficits in cognitive and behavioral outcomes
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clinically observed in populations with significant lead
exposure.

Paper 14 Starting at 10:38 AM, Ending at 10:46 AM
Effects of Lithium on Myo-Inositol in Adolescents with
Bipolar Depression: A MR Spectroscopy Study
Cecil, K. M.1 · Delbello, M. P.2 · Patel, N. C.2 · Adler, C. M.2
· Strakowski, S. M.2
1

Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, 2University of Cincinnati, Cincinnati, OH
PURPOSE
Despite widespread use in treating adults with bipolar disorders, the neurochemical effects of lithium in adolescents
with bipolar depression are largely unknown. This study
used proton MR spectroscopy (1H MRS) to identify the in
vivo effects of lithium on myo-inositol (mI) concentrations
in adolescent bipolar depression.
MATERIALS & METHODS
Twenty-eight adolescents (12-18 years old) with bipolar I
disorder, current episode depressed, received open-label
lithium 30 mg/kg, adjusted to achieve serum levels of 1.01.2 mEq/L. Medial, and left and right lateral prefrontal mI
concentrations were measured at baseline, day 7, and day 42
using short-echo (TE 35 ms), single-voxel MRS at 1.5 T.
Localizing from a high-resolution, 3D IR prepared FSPGR
volumetric imaging sequence, gray, white and CSF contributions to an individual voxel were accounted for using custom
segmentation analysis software. Concentrations of brain
metabolites were determined using LC Model software.
Change in mI concentration over time was analyzed.
Baseline mI concentrations were compared between remitters and nonremitters. Appropriate statistical analyses were
performed including corrections for multiple comparisons.

Faibel, M. · Tsarfaty, G. · Kuint, J. · Amsalem, Y. · Hoffmann,
C.
Sheba Medical Center
Ramat-Gan, ISRAEL
PURPOSE
To demonstrate the unique spectra of nonketotic hyperglycinemia and the follow up of the treatment to reduce the
glycine levels as it was shown by MR spectroscopy (MRS),
as well as to describe the development of a metabolic disease
causing white matter destruction early in life.
MATERIALS & METHODS
A premature infant was born at 32 weeks gestational age suffering from convulsions. The first MR imaging and MRS
were performed at 1 week of age on a 1.5 T imager. A second and third examination was done on a 3 T MR imager to
follow up the results of the treatment with chelating agents
to reduce the glycine levels.
RESULTS
The first MR imaging was normal with no signs of white
matter injury. The MRS done routinely revealed a high peak
of glycine at 3.6 ppm, the usual location of the myoinositol,
but on short TE. The diagnosis was made by the MRS results
and was confirmed by laboratory tests. On a follow-up scan
immediately after the initiation of treatment, the glycine
peak did not change, however an insult to the white matter
was suspected. On the last MR imaging and MRS the levels
of glycine were reduced towards normal, but a widespread
destruction of the white matter was evident.

RESULTS
A significant change over time was observed for mI concentrations in the medial prefrontal cortex (p = 0.03) and right
lateral (p = 0.05) prefrontal white matter. Specifically, day
42 concentrations were significantly higher than those on
day 7 (p = 0.02) in both regions. Baseline medial prefrontal
cortex mI concentrations were significantly lower for remitters as compared to nonremitters (p = 0.003).
CONCLUSION
Medial and right lateral prefrontal mI concentrations may
increase with chronic lithium treatment, paralleling improvement in depressive symptoms in adolescents with bipolar
disorder. Further investigation of the effect of lithium on mI
is warranted to better understand possible mechanisms by
which lithium exerts its antidepressant activity.
KEY WORDS: Spectroscopy, bipolar disorder, lithium therapy

Figure: MR spectroscopy of the left basal ganglia demonstrating a high peak of glycine at 3.6 ppm on long TE.
CONCLUSION
The diagnosis of nonketotic hyperglycinemia is possible
early in life only with MRS, by the high glycine peak at 3.6
ppm on long TE. The white matter destruction starts only
after birth, proceeding rapidly.
KEY WORDS: nonketotic hyperglycinemia, MRS, metabolic
disease
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KEY WORDS: Lead exposure, voxel-based morphometry

Paper 15 Starting at 10:46 AM, Ending at 10:54 AM
Serial MR Scans of a Baby with Nonketotic
Hyperglycinemia: Follow up of the Spectroscopic
Pathology and the Development of the Destruction of the
White Matter
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Paper 16 Starting at 10:54 AM, Ending at 11:02 AM
Incidence and Evolution of Intracranial Hemorrhage in
Asymptomatic Full-Term Infants Using MR Imaging and
Ultrasound Examination

Paper 17 Starting at 11:02 AM, Ending at 11:10 AM
Larger FDG-PET Hypometabolism on MR Imaging/PET
Fusion Studies Detects the Epileptic Focus Noninvasively
in Tuberous Sclerosis Patients

Eaton, J. P. · Rooks, V. J. · Pedersen, R. · Petermann, G.

Salamon, N. · Sarat, C. · Wu, J. · Koh, S. · Sankar, R. ·
Mathern, G.

Tripler Army Medical Center
Tripler AMC, HI
PURPOSE
To determine the incidence of asymptomatic intracranial
hemorrhage in term newborn infants with a normal neurologic examination, and to identify the MR imaging appearance of these hemorrhages as they progress to resolution.
MATERIALS & METHODS
All infants of 37 weeks of gestation or greater were considered for the study. Inclusion criteria was a normal neurologic examination by a board certified pediatric neurologist. A
nonsedated brain MR imaging was performed on the infant
within 72 hours after delivery followed by a head ultrasound
(US) with focus on the posterior fossa. If both exams were
negative the patient underwent no further tests. If the MR
imaging or US was positive, the infant was scheduled to
return at 3 to 7 days, 2 weeks, 1 month, and 3 months to
repeat the positive examination and document evolution of
the hemorrhage. All patients with positive results also were
examined by the pediatric neurologist at follow up.
RESULTS
A total of 67 patients were examined to date. Of these 28
(41.8%) were found to have extraaxial hemorrhage. Twentyseven of the 28 (96.4%) positive examinations had subdural
hemorrhages that measured 2 mm or less in greatest thickness either along the tentorium or midline along the falx. Of
the 27 positive examinations 22 were from spontaneous
vaginal delivery, three from cesarean section, and four from
vacuum-assisted delivery. No hemorrhages were detected in
the one forceps-assisted or four prolonged labor infants. The
one patient with a hemorrhage larger than 2 mm also had a
periventricular mass. Of the initial 67 patients only 4 (5.9%)
had US examinations which demonstrated subdural hemorrhages along the tentorium. Of the patients who have
returned for follow-up examinations (55% of positive
patients to date), all but three demonstrated resolution of the
hemorrhage by 1 month of age. The remaining three showed
resolution on their 3-month examinations.
CONCLUSION
Subdural hemorrhage is a common result of parturition. The
extent of hemorrhage is limited in size and pattern.
KEY WORDS: Subdural hemorrhage, birth trauma

University of California Los Angeles
Los Angeles, CA
PURPOSE
Surgery for intractable epilepsy in tuberous sclerosis (TS)
patients presents a challenge to localize the “epileptogenic”
tuber among the many tubers without invasive EEG monitoring. This study evaluated the role of MR imaging/PET
fusion in TS patients to determine if this technique potentially could identify the epileptic tuber and focus.
MATERIALS & METHODS
We reviewed 11 cases of TS operated for intractable epilepsy. In five cases MR imaging/PET fusion was utilized
prospectively, and the other six were analyzed retrospectively. MR imaging/PET fusion images were processed at a
Vitrea workstation using Mirada fusion-7 software, and individual tubers were analyzed to discern if the area of FDGPET hypometabolism was larger or the same size as the corresponding MR imaging tuber. None of the surgical patients
required chronic EEG recordings, although all had scalp
EEG telemetry and ECoG at surgery.
RESULTS
In phase 1, we retrospectively reviewed six TS cases to
determine the utility of the MR imaging/PET fusion technique. We found that the resected epileptic focus and tuber
were regions where PET hypometabolism was larger than
the corresponding MR imaging tuber. Postsurgery seizure
control occurred in all five patients where the enlarged PET
area was removed. To verify this finding, we prospectively
identified the epileptic tuber and focus in five other TS cases.
Analysis found again that the resected region was the area
with expanded PET hypometabolism on MR imaging/PET
fusion studies. Postresection seizure control was obtained in
four of the prospectively operated patients.
CONCLUSION
MR imaging/PET fusion techniques were especially useful
in identifying the epileptic focus and tuber in TS patients
when the FDG-PET hypometabolic area was larger than the
anatomical MR imaging tuber compared with other
“nonepileptogenic tubers”. While this result will need to validate in a larger surgical series, such an approach could
reduce the need for chronic intracranial EEG recordings in
TS patients undergoing epilepsy neurosurgery.
KEY WORDS: Tuberous sclerosis, PET-MR imaging fusion,
epilepsy
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Paper 18 Starting at 11:10 AM, Ending at 11:18 AM
Fatal Balamuthia Encephalitis: An Unusual Case of
Ring-Enhancing Brain Lesions
Wycliffe, N. D.1 · Thomas, A.1 · Michelson, D. J.1 · Janner,
D.1 · Raghavan, R.1 · Schuster, F.2 · Ashwal, S.1
1

Loma Linda University Medical Center, Loma Linda, CA,
Division of Communicable Disease Control, State of
California, Richmond, CA
2

PURPOSE
Balamuthia amebic encephalitis is usually a fatal granulomatous central nervous system infection caused by an organism found in the soil and ubiquitous in the environment. This
organism can infect both immunocompetent and immunocompromised hosts. Initial presentations are nonspecific
neurologic symptoms followed by a relatively prolonged
course compared to other cases of granulomatous amebic
encephalitis with fatal outcome in majority of reported cases.
In this report the MR imaging findings of a case of fatal
Balamuthia encephalitis is presented in a 13-year-old patient
who showed large numbers of ring-enhancing lesions in the
brain.
MATERIALS & METHODS
A 13-year-old male of Mexican-American descent presented
to our hospital with headache, confusion, lethargy, and forgetfulness. After 4 months of extensive diagnostic work up,
including serial diagnostic imaging, lumbar punctures, brain
biopsy, and encephalitis panel, the patient was diagnosed
with Balamuthia madrillaris amebic encephalitis. The patient
was started on an aggressive drug regimen and initially
showed some clinical improvement. However after a prolonged course of multiple hospitalizations, patient died of
multiorgan failure approximately 6 months after his initial
presentation secondary to a combination of disease progression and adverse effects of treatment regimen.
RESULTS
Initial MR imaging showed an ill-defined low density in the
right medial occipital lobe which was thought to be consistent with acute disseminated encephalomyelitis (ADEM).
Initial improvement was seen in clinical symptoms following steroid treatment; however, follow-up MR imaging
showed development of multiple ring-enhancing lesions.
After diagnosis of Balamuthia encephalitis, repeat MR imaging continued to show innumerable ring-enhancing lesions
in spite of aggressive therapy.

CONCLUSION
Balamuthia mandrillaris amebic encephalitis while rare is
often a fatal infection that can infect immunocompetent
hosts. The causative organism is a free living ameba found
ubiquitously in the environment. Even though it is reported
in all racial and geographic backgrounds, there is an apparent increased incidence among Hispanic population within
the United States. It should be considered in the differential
for ring-enhancing lesions that do not respond to conventional treatments. The potential for successful treatment of
this infection necessitates more widespread awareness of its
epidemiology, presenting features, and pharmacology.
KEY WORDS: Balamuthia encephalitis, ring-enhancing brain
lesions, fatal
Paper 19 Starting at 11:18 AM, Ending at 11:26 AM
Cerebral Arteriopathy in Tuberous Sclerosis
Bownds, S. E.1 · Hedlund, G.2
1

University of Utah, Salt Lake City, UT, 2Primary Childrens
Hospital, Salt Lake City, UT

PURPOSE
Tuberous sclerosis (TS) is an autosomal dominant genetic
disease. This common phakomatosis affects about one in
10,000 children. It is routine to perform brain imaging in TS
patients as part of initial diagnosis or surveillance. Although
an association between TS and cerebral arteriopathy has
been described, this association is not typically part of the
radiologists’ routine search pattern in TS. The purpose of this
study is to heighten the awareness of cerebral arteriopathy in
this common phakomatosis.
MATERIALS & METHODS
One hundred and four patients with neuroradiographic stigmata or genetic evidence of tuberous sclerosis from two
institutions were reviewed retrospectively. Cerebral MR
imaging studies were evaluated for evidence of arteriopathy
utilizing proton density and T2 sequences. Patients found to
have abnormal cerebral flow voids were followed up with
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cerebral MR angiography (MRA), CT angiography (CTA),
or digital subtraction angiography (DSA).
RESULTS
There were eight patients with abnomal flow voids on routine brain MR imaging. The patients ranged in age from 6
days to 58 years, with a mean of 12.5 years. There were 55
female and 49 male patients. There were two patients with
fusiform aneurysms of the anterior communicating arteries.
There were three patients with focal fusiform dilatation of
the supraclinoid internal carotid artery (ICA). One patient
had a small supraclinoid ICA. There were two patients with
M1 middle cerebral artery beading or focal aneurysm and
stenosis.
CONCLUSION
In our experience, the specific inspection of vascular flow
voids on brain MR imaging is not part of most radiologists’
routine search pattern in patients with TS. We report eight
cases of arteriopathy in TS patients initiated by the detection
of subtle anterior communicating artery aneurysms in an
index patient. These cases serve to underscore the established fact that TS is associated with aneurysms and to
emphasize the importance of specifically evaluating vascular
structures when imaging these patients.

were all present in the pediatric age group (mean age: 2.2
years), 34 cerebral AV fistulae, all but two affected patients
were less than 6 years (mean age 3.0 years). Sixteen nidus
type AVMs (mean age 23.1 years) and 18 micro-AVMs
(mean age: 31.8 years) were found.
CONCLUSION
Hereditary hemorrhagic telangiectasia displays an age-related penetrance of clinical manifestations. Since members of
the same family can present with completely different phenotypes of this disease there seems to be no relationship
between the type of mutation and the phenotype of the disease. Since there seems to be an age-related continuum of
vascular abnormalities (from large fistulous areas to small
AVMs and micro-AVMs) associated with HHT, the most
likely determining factor of the HHT phenotype is the timing of the revealing event in relation to the maturity of the
vessel. Presumably, the trigger of the quiescent genetical
abnormality transforms a “dormant” disease into a morphologically and therefore clinically detectable one by impairing
a specific vessel segment at a specific (more or less vulnerable) period of time. The nature of this triggering event is,
however, as of yet unclear.
KEY WORDS: Hereditary hemorrhagic telangiectasia, AVM,
AVF

KEY WORDS: Tuberous sclerosis, arteriopathy, cerebral
Paper 20 Starting at 11:26 AM, Ending at 11:34 AM
Neurovascular Phenotypes in Hereditary Hemorrhagic
Telangiectasia Patients According to Age: Review of 50
Consecutive Patients Aged 1 Day to 60 Years
Krings, T.1 · Chng, S. M.2 · Ozanne, A.2 · Alvarez, H.2 ·
Rodesch, G.3 · Lasjaunias, P. L.2
1
University Hospital Aachen, Aachen, GERMANY, 2Hopital
de Bicetre, Paris, FRANCE, 3Hopital Foch, Paris, FRANCE

PURPOSE
Hereditary hemorrhagic telangiectasia (HHT) is inherited as
an autosomal dominant trait with varying penetrance and
expressivity. Some of the most devastating consequences of
this disease result from cerebral vascular malformations that
manifest themselves in either arteriovenous fistulae (AVF),
small nidus-type arteriovenous malformations (AVM) or
micro-AVMs with a nidus less than 1 cm in size. The purpose of this study was to compare the phenotypes of CNS
manifestations of HHT with the age of the patient.
MATERIALS & METHODS
The charts and angiographic films of 50 patients diagnosed
with HHT according to the Curaçao criteria were evaluated
retrospectively concerning age of onset of symptoms, or, if
not applicable of first consultation. The files were reviewed
for clinical presentation, family and personal history, while
the patients’ angiograms were analyzed with respect to the
number of lesions (single, multiple), the location (superficial
supratentorial, deep supratentorial, infratentorial, spinal),
and type of lesion (fistulous AVM, nidus-type AVM, micro
AVM).
RESULTS
A total of 75 central nervous system manifestations of HHT
were found. Lesions included seven spinal cord AVFs that

Paper 21 Starting at 11:34 AM, Ending at 11:42 AM
Hypertensive Encephalopathy in Children with Sickle
Cell Disease
Khademian, Z. · Budik, E. · Weinstein, S. · Minniti, C.
Children’s National Medical Center
Washington, DC
PURPOSE
Cerebrovascular (CVA) accidents are a serious complication
of sickle cell disease (SCD). Acute cerebral infarction occurs
in approximately 10% of children with SCD under the age of
16 years, with silent infarctions identified in an additional
22%. Children, however, can present with acute neurologic
deterioration mimicking a CVA but demonstrate a picture
consistent with hypertensive encephalopathy (HTNE). The
incidence of HTNE in children with SCD is unknown with
few anecdotal reports available in the literature.
MATERIALS & METHODS
We retrospectively identified 83 children with SCD, who
received their care at our institution from 1992 to 2005, who
presented with neurologic complaints that prompted MR
imaging. There were 37 females and 46 males, age 13
months to 17 years, with a mean age of 5 years and 8
months. Clinical and neuroimaging data identified 8 children
(7 females and 1 male) with a clinical picture compatible
with HTNE (BP > 2 std deviation for age), prior to neuroimaging. At the time of the hypertensive episode, the ages
ranged from 6 to 16 years and 8 months, with an average of
14 years and 2 months. All patients had Hb SS. Neurologic
complaints included seizure, sudden onset headache, confusion, loss of consciousness, and urinary retention. Elevated
blood pressures were treated aggressively and all patients
received an exchange transfusion. No specific etiology for
the hypertension was determined.
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with a similar event. The electroencephalogram showed
paroxysm in right parietal and temporal lobes as well as
decreased voltage in left temporal and occipital lobes.
RESULTS
Conventional MR imaging showed mild increase in the
intensity of both hippocampal heads, morphology was normal. Volumetry in right and left hippocampi was 2.64 and
2.98 cm³ respectively, the asymmetry volumetric index was
12.64%. The spectroscopy was abnormal at level of the amygadala-hippocampal head and body in both hippocampi with
an NAA/ (Cr+Cho) ratio of 0.65 in the right and 0.64 in the
left side (normal values above 0.71). PET CT scan showed
important decrease of the metabolic activity in both hippocampi, being more evident in the right side.

CONCLUSION
We conclude that HTNE should be considered in the differential diagnosis of an acute neurologic event in a child with
SCD. Accurate recording of vital signs and prompt correction of hypertension is indicated. MR imaging can accurately distinguish between HTNE and acute infarction, even
when clinical symptoms are similar. This distinction helps
physicians to establish proper treatment such as chronic
transfusion following infarction.
KEY WORDS: Hypertensive encephalopathy, sickle cell disease
Paper 22 Starting at 11:42 AM, Ending at 11:47 AM
Alterations
in
Hippocampal
Volumetry
and
Spectroscopy with Normal Hippocampal Morphology
Using 3.0 T MR Imaging Correlate with PET CT
Hypometabolism in a Pediatric Patient with Attention
Deficit Disorder
Roldan-Valadez, E. · Vega-Gonzalez, I. · ValdiviesoCardenas, G. · Vivas-Bonilla, I. · Munive, L. · MartinezLopez, M.
Medica Sur Clinic and Foundation
Mexico, MEXICO
PURPOSE
In pediatric patients with attention deficit disorder it is
important to discard the possibility of mesial temporal sclerosis (MTE) as explanation of behavioral changes. Mesial
temporal sclerosis as a cause of temporal lobe epilepsy is a
well known entity considered a chronic and progressive disease. When MTE is diagnosed in an advanced stage the findings are obvious (hippocampal atrophy and hyperintensity).
The early diagnosis is important for an opportune therapeutic and surgical plan. It has been reported that imaging findings from conventional MR imaging in an early stage do not
correlated with electroencephalography; in those cases hippocampal volumetry and spectroscopy as well as information from PET provide additional information for early
detection.
MATERIALS & METHODS
A 16-year-old female with attention deficit disorder and adequate school performance, presented with a sudden change
in humor in the last 3 months; 2 years ago she had presented

CONCLUSION
The “quantitative” assessment due to postprocessing of the
images with MR imaging has allowed the identification of
inadvertent alterations when using only a conventional MR
scan. The availability of volumetry tool software as well as
the performance of MR spectroscopy (MRS) in three different regions in each hippocampus (head, body, and tail)
showed hippocampal alteration that correlated with PET
scan. Although these findings are not an indication for surgery, they point to the importance of a continued follow up
in order to eventually detect the presence of hippocampal
atrophy. Although the hippocampal volumes were in normal
limits, the asymmetry volumetric index prevented us from
detecting an early affection in the right side. Also, the MRS
pointed out the extension of the lesion, affecting both hippocampi. The consideration of a clinical surveillance with
electroencephalography, and quantitative assessment using
MR imaging (hippocampal spectroscopy and volumetry) is
important in the continuity of the treatment.
KEY WORDS: Mesial temporal sclerosis, PET CT, 3.0 T MR
imaging
Paper 23 Starting at 11:47 AM, Ending at 11:52 AM
Labyrinthitis Ossificans in a Child with Sickle Cell
Disease
Liu, B. P. · Sakai, O.
Boston Medical Center
Boston, MA
PURPOSE
To present CT and MR imaging findings of labyrinthitis
ossificans in a pediatric patient with sickle cell disease.

Monday

RESULTS
Initial MR imaging, obtained within 24-48 hours of presentation, did not show acute or prior infarction in this group.
However, absence of diffusion restriction and presence of
cerebral cortical edema, which differentiate HTNE from
acute infarction, was noted. The MR angiogram (MRA) did
not demonstrate evidence of arteriopathy. The hallmark of
HTNE is a complete resolution of abnormality of both the
neurologic exam and the imaging studies at follow up. There
was complete resolution of cerebral edema in all patients and
mild interval prominence of the cerebral sulci, which can
indicate cerebral volume loss, in three out of the eight
patients in follow-up studies obtained 10 days to 4 months
later. No recurrences of the symptoms have been reported
with follow up ranging from 5 months to 8 years. None of
the patients with HTNE has received chronic transfusions.
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MATERIALS & METHODS
A 12-year-old boy with hemoglobin SS sickle cell disease
presented with profound sensorineural hearing loss at age 6.
He has no history of meningitis or trauma. CT of the temporal bone was performed at age 6 and MR imaging was performed for preoperative evaluation for cochlear implant at
age 12.
RESULTS
CT demonstrated increased density in the cochlea, semicircular canals, and vestibule bilaterally, significantly worse on
the right, consistent with calcification or ossification of the
labyrinth. High-resolution T2-weighted MR imaging
demonstrated complete loss of normal fluid signal in the
cochlea and semicircular canals on the right, and poor visualization of the cochlea on the left. The right cochlear nerve
appears smaller than left. The left ear was selected as the
more optimal candidate for cochlear implant.

CONCLUSION
A case of labyrinthitis ossificans in a pediatric patient with
sickle cell disease was presented. MR imaging provided
additional information to determine the side of cochlear
implant. Labyrinthitis ossificans is associated classically
with prior inflammation or injury such as from meningitis,
blood-borne septic emboli, middle ear infection,
cholesteatoma, and trauma. However, given a lack of prior
meningitis or trauma in this patient, the authors suggest the
possibility of hemorrhagic or ischemic inner ear injury related to sickle cell disease. To our knowledge, this is the first
case of labyrinthitis ossificans reported in a patient with
sickle cell disease.
KEY WORDS: Labyrinthitis ossificans, sickle cell disease

Paper 24 Starting at 11:52 AM, Ending at 11:57 AM
Brain MR Imaging and MR Spectroscopy in Familial
Hemophagocytic Lymphohistiocytosis
Lin, D. D. M. · Turtzo, L. · Arceci, R. · Yohay, K. · Barker,
P. B.
The Johns Hopkins University
Baltimore, MD
PURPOSE
To report the MR and spectroscopic (MRS) imaging findings
in a case of familial hemophagocytic lymphohistiocytosis
(FHLH) with fulminant neurologic involvement.
MATERIALS & METHODS
An 18-month-old male with recent otitis media became
acutely ill with fever, lethargy, and unresponsiveness. On
admission he had petechial rash, left-sided hemiparesis, mild
pancytopenia, and slightly abnormal liver function. Cerebral
spinal fluid (CSF) showed mononuclear lymphocytosis and
elevated protein. Body CT revealed hepatosplenomegaly and
multifocal lymphadenopathy. While treated antibiotics with
over the course of a week, he developed worsening anemia
and thrombocytopenia, escalating liver dysfunction, and left
leg hypertonia and hyperreflexia. On day 9 he had a generalized tonic-clonic seizure and status epilepticus. While skin,
bone marrow, liver, and lymph node biopsy were unrevealing, a brain biopsy demonstrated lymphohistiocytic infiltrate. Flow cytometry showed markedly decreased perforin
expression in all cytotoxic T lymphocytes. Genetic analysis
confirmed that the patient was a compound heterozygote for
perforin 1 mutations leading to the diagnosis of FHLH. He
was treated with cyclosporine, dexamethasone, and etoposide, and intrathecal methotrexate according the HLH-2004
protocol and showed gradual improvement. He subsequently underwent bone marrow transplantation.
RESULTS
Brain MR imaging showed innumerable foci of T2/FLAIR
hyperintensity throughout the cerebral and cerebellar white
matter, brainstem, deep gray, and corpus callosum. Many of
these lesions showed contrast enhancement and/or restricted
diffusion. MR spectroscopy showed marked elevation of
choline (Cho) and decrease of N-acetyl aspartate (NAA).
Lactate also was mildly elevated throughout the brain.
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KEY WORDS: Hemophagocytic lymphohistiocytosis, brain,
MR imaging/MRS
Paper 25 Starting at 11:57 AM, Ending at 12:02 PM
MR Imaging Evidence of Anterior Commissure
Involvement in X-Linked Adrenoleukodystrophy
Patay, Z. · Rawah, E. · Al- Dossary, F. · Al-Dossary, N.
King Faisal Specialist Hospital and Research Center
Riyadh, SAUDI ARABIA
PURPOSE
To present MR imaging evidence of involvement of the anterior commissure in patients with X-linked adrenoleukodystrophy (X-ALD) and discuss its potential diagnostic and
histopathologic relevance.
MATERIALS & METHODS
The clinical and imaging files of 7 male patients (age range:
4-16 years) with laboratory confirmed (elevated VLCFA levels) X-ALD were reviewed. All MR imaging studies were
carried out on a 1.5 T MR imaging unit and included nonenhanced T1- and T2-weighted, as well as contrast-enhanced
T1-weighted sequences.
RESULTS
Besides the characteristic parieto-occipital white matter
abnormalities seen in all patients, in two patients (6 and 12
years old) we found MR imaging evidence of involvement of
the anterior commissure, best shown on sagittal T2-weighted images. In one patient the postcontrast images clearly
showed additional signal enhancement within the lesion
area.
CONCLUSION
Involvement of the anterior commissure in X-ALD is an
inconsistent but potentially useful MR imaging finding. To
the best of our knowledge, this lesion pattern element has not
been described in neuroradiologic literature. Because of the

demonstration of signal enhancement on postcontrast images
in one of the cases, we believe that the lesion corresponds to
primary inflammatory and/or demyelinating changes
(Schaumberg zone 2 phenomena), rather than secondary
axonal degeneration. Identification of lesion involvement
within the anterior commissure may have differential diagnostic implications in cases of X-ALD with atypical MR
imaging presentation.
KEY WORDS: X-linked adrenoleukodystrophy, anterior commissure, demyelination
Paper 26 Starting at 12:02 PM, Ending at 0:07 AM
Accelerated Myelination in Infants with Immediate
Postnatal Onset of Seizures and Cortical Dysplasia
Patay, Z. · Al-Dossary, N. · Al-Dossary, F.
King Faisal Specialist Hospital and Research Center
Riyadh, SAUDI ARABIA
PURPOSE
To present unusual MR imaging signal changes in cerebral
white matter underlying areas of cortical dysplasia in
patients with early postnatal onset of seizures.
MATERIALS & METHODS
Three female patients with qualifying imaging abnormalities
and clinical manifestations are presented. All had immediate
postnatal onset of seizures. The patients had initial MR
imaging work up using 1.5 T MR imaging units at the ages
of 5 days, 8 days, and 12 weeks. Studies included T1-weighted inversion recovery and T2-weighted fast spin-echo
sequences. Two of the patients also had diffusion-weighted
imaging studies (b:1000). One patient had further follow-up
imaging at ages of 2 and 6 years.
RESULTS
In cerebral white matter underlying cortical areas with suspected dysplasia unusual, ill-defined T1 hyper, and T2
hypointensities were found. Diffusion-weighted images suggested abnormal restriction of water diffusion compared to
corresponding areas in the contralateral hemisphere. Followup studies in one patient showed progressive “normalization” of white matter signal changes and later, development
of abnormal T2 hyperintensities.
CONCLUSION
The described early signal changes likely represent abnormal, accelerated myelination, possibly due to increased
regional perfusion and metabolism and/or frequent functional stimuli of neuroaxonal units due to repetitive electric
activity in the epileptogenic cerebral cortex. One may even
speculate that because of the presence of immediate postnatal changes in myelination, the pathologic process, including
seizures, may have started in the prenatal period.
Recognition of these early signal changes may be helpful in
diagnosing cortical dysplasia or perhaps in a broader sense,
epileptogenic foci of any other nature in the often challenging neonatal period. Our observations also suggest that the
signal changes may later undergo a “fogging” phenomenon,
before the more typical T2-hyperintense chronic white matter damage develops.
KEY WORDS: Myelination, cortical dysplasia, epilepsy
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CONCLUSION
Familial hemophagocytic lymphohistiocytosis is a rare,
autosomal recessive disorder with deficiency of the natural
killer cell function and excessive cytokine immune reaction.
It presents in early childhood, often precipitated by infection,
and carries a high mortality rate. It is characterized clinically by fever, pancytopenia, hepatosplenomegaly and lymphadenopathy. Neurologic manifestations can range from
irritability to seizures, hemiplegia, and coma. Various brain
MR imaging patterns have been reported, including nonspecific periventricular white matter abnormalities, parenchymal volume loss, enlarged extraaxial fluid spaces, or findings mimicking encephalitis, malignancy, cerebral infarction, or even child abuse with subdural and parenchymal
hematomas. The current case exhibited multifocal enhancing
lesions with cytotoxic edema, simulating septic emboli, and
MRS pattern suggestive of aggressive malignancy. These
findings probably reflect marked tissue destruction due to
rampant cytotoxic reaction mediated through the histiocytes
and lymphocytes. Elevated lactate may have been due to
inflammation. The imaging differential diagnoses in this
case were considered to possibly include Langerhans histiocytosis, malignancies such as lymphoma and leukemia, as
well as other virally mediated inflammatory disorders.
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See also Parallel Sessions
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(4d) ADULT BRAIN: Cerebrovascular Disease
Moderators:

Aaron S. Field, MD, PhD
Mark E. Mullins, MD, PhD

0.75 ± 0.21 × 10-3 cm2/s. In typical meningiomas, ADC was
1.17 ± 0.21. Apparent diffusion coefficient values for subtypes of typical meningiomas were as follows: meningothelial, 1.09 ± 0.20; transitional, 1.19 ± 0.07; fibroblastic, 1.29
± 0.28; and angiamatous, 1.48 ± 0.10. Normal white matter
had a value of 0.91 ± 0.10. Intratumoral ADC values of typical and atypical/malign meningiomas were significantly different (p < 0.001). However, the difference between peritumoral ADC values was not significant (p > 0.05).
Furthermore, the difference between the subtypes of typical
meningiomas and atypical/malign meningiomas was significant (p < 0.001). Apparent diffusion coefficient values of
typical meningiomas were the lowest in meningotelyal and
the highest in angiamatous types.
CONCLUSION
Diffusion findings of atypical/malign and typical meningiomas differ. While atypical/malign meningiomas have
lower intratumoral ADC values, typical meningiomas have
higher values of intratumoral ADC. Apparent diffusion coefficient values for peritumoral edema do not differ. In preoperative period, diffusion-weighted MR imaging may guide in
the differentiation of typical from atypical/malign meningiomas.
KEY WORDS: MR imaging, diffusion, meningioma

Paper 27 Starting at 10:30 AM, Ending at 10:38 AM
The Role of Conventional and Diffusion-Weighted MR
Imaging in Grading of Meningiomas

Paper 28 Starting at 10:38 AM, Ending at 10:46 AM
Perfusion MR Examination of Nonenhancing Brain
Gliomas Using Maximum Cerebral Blood Volume Values

Erdogan, C.1 · Hakyemez, B.1,2 · Yildirim, N.1 · Parlak, M.1

Caulo, M.1 · De Nicola, A.1 · Di Nicola, M.1 · Mattei, P.1 ·
Tartaro, A.1 · Bizzi, A.2 · Colosimo, C.1

1

Uludag University School of Medicine, Bursa, TURKEY,
Bursa State Hospital, Bursa, TURKEY

2

PURPOSE
Tumor recurrence and morbidity and mortality rates of atypical/malign meningiomas are higher than for typical meningiomas. Preoperative differentiation affects treatment plan
and prognosis. In this study, the contribution of diffusionweighted MR imaging to conventional findings in differentiation of atypical/malign meningiomas and determination of
histologic subtypes of typical meningiomas was investigated.
MATERIALS & METHODS
The study was performed prospectively on 43 cases that had
received histologic meningioma diagnosis and were studied
through conventional and diffusion-weighted MR imaging.
The signal intensity of the lesions was evaluated through the
findings on diffusion-weighted trace and apparent diffusion
coefficient (ADC) images. Apparent diffusion coefficient
values were measured from the lesion or peritumoral edema
if present. On the conventional images, the signal intensity
and volume of the lesions, peritumoral edema, and cystic
structures were investigated. Statistical analyses were based
on student t test. P < 0.05 was considered statistically significant.
RESULTS
Of 43 meningiomas, four were psammomatous type and presented severe calcification on CT; thus, these lesions were
excluded from the study. Seven of the remaining 39 meningiomas were atypical/malign type, while 32 meningiomas
were typical. In atypical/malign meningiomas, ADC was

1

University of Chieti, Chieti, ITALY, 2Neurological Institute,
Milan, ITALY
PURPOSE
Nonenhancing space-occupying brain lesions commonly are
assumed to be low-grade tumors even though there is the
possibility that a high-grade tumor will not show contrast
enhancement. The aim of this study was to define MR perfusion patterns for nonenhancing gliomas and to determine
their predictive value for high- or low-grade tumor.
MATERIALS & METHODS
Sixteen patients (9 males, 7 females) with nonenhancing
gliomas at MR imaging were studied retrospectively after
undergoing MR perfusion imaging and either surgery or
biopsy. Perfusion imaging was performed at 1.5 T with a
powered injection of gadolinium. The standard outputs of
the perfusion analysis included voxel-by-voxel maps of
cerebral blood volume (CBV), cerebral blood flow (CBF),
and mean transit time (MTT). We created CBV maps fitting
the first-pass response in the concentration-time curves to a
gamma variate and then integrated this curve to bypass recirculation effects. Cerebral blood flow maps were determined
from the height of the residue function using a model-independent deconvolution of the arterial input function and the
tissue curve. The arterial pixels used for the AIF calculation
were selected manually near the middle cerebral or posterior
cerebral arteries of the affected hemisphere. Tissue segmentation was used to calculate the average CBV, CBF, and
MTT values in white matter. The tumor was segmented manually and mean and maximum values of CBV, CBF, and

monday.qxp

3/9/2006

10:54 AM

Page 19

19

RESULTS
There were no side effects due to the rapid injection of contrast material. Neuropathology reported seven high-grade
(Grade III-IV WHO) and nine low-grade (Grade II WHO)
gliomas. The most significant parameters for predicting
tumor grading were the maximum CBV values which were
always higher in the anaplastic tumors than segmented white
matter. Higher maximum values of CBV significantly correlated (P < 0.02) with malignant tumor grading. Mean CBV
values showed a lower specificity for high-grade gliomas
than maximum CBV values.
CONCLUSION
The absence of contrast enhancement can not rule out the
possibility of an anaplastic glioma. We recommend the addition of perfusion MR imaging and maximum CBV value
evaluation to the standard presurgical assessment of nonenhancing brain gliomas.
KEY WORDS: Brain tumor, PWI
Paper 29 Starting at 10:46 AM, Ending at 10:54 AM
Proton MR Spectroscopic Imaging: Noninvasive
Treatment of Glioblastoma Prior to Surgery—
Correlation with Overall Survival
Chang, J. S. · Kornak, J. · Cha, S.
University of California San Francisco
San Francisco, CA
PURPOSE
Proton MR spectroscopic imaging (1H MRSI) is a noninvasive tool to analyze metabolic integrity within both normal
and diseased areas of the brain. The purpose of this study
was to use 1H MRSI to separately quantify levels of lactate,
lipid, and choline to N-acetylaspartate ratio index (CNI)
within separate components of tumor anatomy in two groups
of glioblastoma multiforme (GBM) patients differentiated by
survival time to determine relationships between clinical
outcome and metabolic markers.
MATERIAS & METHODS
Nineteen newly diagnosed GBM patients were recruited for
this study. These patients were divided into two groups based
upon survival outcome: early death (ED, survival < 18
months, n = 9, range = 1-18 m, avg = 11.8 m) and moderate
survival (MS, survival > 18 months, n = 10, range = 19-33+
m, avg=23.5 m). In addition to preoperative anatomical MR
imaging, all patients underwent 3D J-difference lactate-edited MRSI using a PRESS volume selection technique. The
lactate-edited method required two acquisitions in each
phase-encoding step and provided reliable separated quantifications of lactate and lipid. Based upon anatomical imaging, we measured the volumes of four regions of tumor: the
contrast-enhancing lesion (CEL), peritumoral lesion (PTL),
necrosis (NEC), and the entire T2 hyperintense lesion (T2L).
Within these regions, the metabolite levels were quantified

using a software program developed in-house (UCSF
Department of Bioengineering, San Francisco). The quantification was based on a z-score, defined as the number of
standard deviations a voxel metabolite level differed from
the control voxels, given a normal distribution with a mean
of 0 and a SD of 1. A z-score of 4+ for lactate and lipid and
2+ for CNI was considered abnormal. We calculated spectroscopic abonormality within the four regions of tumor by
counting the number of voxels with abnormal z-scores and
of those, calculating the average and maximum score. MR
spectroscopic imaging voxels contaminated with scalp lipid
artifact were excluded from analysis. For statistical analysis,
z-scores formed the response variables of a linear model
with survival status as the main factor of the model.
RESULTS
Several relationships were observed within the CEL region.
The volume of contrast enhancement had the most significant relationship with the survival outcome, with the early
death group having a higher CEL volume (p < 0.01). The
early death group also had more abnormal lactate and lipid
voxels within the CEL than the survival group (p < 0.03,
both comparisons). Choline to N-acetylaspartate ratio index,
however, had the inverse relationship—the maximum and
average values of CNI within the CEL had lower values for
the early death group (p < 0.03, p < 0.04). The PTL also
expressed higher average lipid content in the early death
group (p < 0.01). This was the only statistically significant
finding within the PTL.
CONCLUSION
Our preliminary data suggests that within anatomically
defined regions of tumor, there are distinct differences in the
metabolic profiles of GBM between the two distinct survival
groups. The results of this study suggest that in addition to
anatomical imaging, presence and distribution of lipid
metabolites derived from 1H MRSI may be a predictive
marker of poor survival outcome in patients with GBM.
Further analysis with a larger sample size will be conducted.
KEY WORDS: Spectroscopy, survival, glioblastoma multiforme
Paper 30 Starting at 10:54 AM, Ending at 11:02 AM
Dynamic Susceptibility Contrast Perfusion MR Imaging
of Angiogenesis and Microscopic Tumoral Infiltration in
the Corpus Callosum of Patients with Gliomas
Gauvrit, J. Y.1,2 · Law, M.1 · Papadaki, E.1 · St. Clair, E.1 ·
Inglese, M.1 · Johnson, G.1
1

New York University Medical Center, New York, NY,
Hopital R Salengro, Lille, FRANCE

2

PURPOSE
Dynamic susceptibility contrast perfusion MR imaging
(DSC MR imaging) allows determination of the pathology
and biology in the abnormal and normal brain of patients
with gliomas. The purpose of this study is to determine if
there are microvascular changes within the normal-appearing corpus callosum (CC) and contralateral white matter of
patients with gliomas and if there are differences between
glioma grades.

Monday

MTT were calculated. Maximum and mean CBV of the
tumors were compared with the segmented white matter
using analysis of variance; confirmatory nonparametric tests
also were performed and no gross differences were found.
Correlation between parameters was evaluated using linear
regression procedure.
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MATERIALS & METHODS
Thirty patients with a primary glioma had DSC MR imaging.
These were classified using the WHO classification: Grade
II, low-grade gliomas (n = 10); Grade III, anaplastic gliomas
(n =12); and Grade IV, glioblastoma multiforme (n = 8).
Dynamic susceptibility contrast-enhanced gradient-echo
perfusion images were acquired during the first pass of a
bolus injection of gadopentetate dimeglumine at 1.5 T. The
maximal regional cerebral blood volume (rCBV) was measured from the perfusion color maps. Regions of interest
(ROIs) were placed in the corpus callosum in three locations,
the ipsilateral callosum (CC IPSI), central callosum (CC
CENT) and contralateral callosum (CC CONT) to the side of
the glioma, as well as within the contralateral normalappearing white matter (NAWM CONT). The genu was
studied for fronto-temporal tumors and the splenium was
studied for parieto-occipital lesions.
RESULTS
Regional cerebral blood volume in different regions of the
CC between glioma grades are analyzed with P values. There
is significantly increased rCBV in the ipsilateral CC in grade
III gliomas compared with grade II as well as in grade IV
gliomas compared with grade II. There also is significantly
increased rCBV in central and contralateral CC in grade III
gliomas compared with grade II. The rCBV in the ipsilateral
CC for grade II was 0.98 ± 0.33 versus grade III 1.35 ± 0.66
versus grade IV 1.50 ± 0.65. The rCBV for grade II in the CC
CENT and the CC CONT were respectively 1.05 ± 0.41 and
0.96 ± 0.40 versus 1.31 ± 0.56 and 1.27 ±0.54 for grade III.
CONCLUSION
Dynamic susceptibility contrast perfusion MR imaging is
able to demonstrate changes in rCBV in the normal-appearing corpus callosum indicating potential microscopic
tumoral infiltration and neovascularity. Serial studies are
underway to determine if there is tumoral infiltration on follow-up imaging as well as correlation with clinical outcome.
KEY WORDS: Dynamic susceptibility contrast perfusion
MRI, corpus callosum, glioma grades
Paper 31 Starting at 11:02 AM, Ending at 11:10 AM
Is Creatine a Prognostic Factor in Low-Grade Cerebral
Gliomas?
Raab, P. · Pilatus, U. · Hattingen, E. · Franz, K. · Zanella, F.
· Lanfermann, H.
JW Goethe University Frankfurt/Main
Frankfurt/Main, GERMANY
PURPOSE
In low-grade gliomas an elevated ratio between choline containing compounds and creatine as well as a decrease of
NAA is known. We want to answer the question, whether an
elevated creatine compared to normal brain tissue is a prognostic factor in low-grade gliomas of the brain.
MATERIALS & METHODS
Out of 600 continuous 1H-MR-spectroscopy examinations
from 1999 to 2004 we identified 18 patients with elevated
creatine levels (> = 115%) compared to normal contralateral
brain tissue, who had a low-grade glioma WHO I/II, proven
either by histology or MR imaging with no contrast enhance-

ment. We compared the progression-free survival time,
defined as timepoint of appearance of contrast enhancement
or histologic proven high-grade tumor, in these patients and
in patients with reduced creatine levels in the low-grade
glioma (< = 85%).
RESULTS
Of these 18 patients with significantly elevated creatine levels either initially or during follow-up studies suffering lowgrade gliomas 10 patients progressed to high-grade gliomas
within 4.7 months (average) with a range of 3 to 9 months.
Eight patients with reduced levels of creatine did not show
tumor progression for at least 2 years.
CONCLUSION
An elevated creatine in low-grade gliomas can be a preceding sign of upcoming tumor progression. These patients
should be followed closely.
KEY WORDS: Creatine, glioma, spectroscopy
Paper 32 Starting at 11:10 AM, Ending at 11:18 AM
Can Functional Diffusion Maps Be Used as an Early
Biomarker of Survival in High-Grade Glioma?
Mukherji, S. K. · Chenevert, T. L. · Moffat, B. A. · Hamstra,
D. A. · Meyer, C. R. · Gebarski, S. S. · Quint, D. J. ·
Rehemtulla, A. · Ross, B. D.
University of Michigan Health System
Ann Arbor, MI
PURPOSE
Functional diffusion maps (fDM) are a quantitative measure
of early therapeutic changes in tumoral apparent diffusion
coefficient. The intent of this investigation was to determine
prospectively if fDM can be used as an early biomarker of
time to progression and overall survival in patients with
high-grade glioma.
MATERIALS & METHODS
This
was
prospective
investigation
(NIH/NCI
O1CA85878/P50CA01014) of 34 patients with high-grade
gliomas who underwent diffusion-weighted MR imaging
(DWI) before treatment and 3 weeks after initiation of therapy. The images were coregistered and serial DWI values
were assessed as fDM. Functional diffusion maps were correlated with radiographic response, time to progression, and
patient survival.
RESULTS
In 29 patients evaluated, fDM changes identified at 3 weeks
were closely associated with radiographic response at 10
weeks. Functional diffusion maps were significantly different in patients with stable disease (SD) than in patients with
progressive disease (PD) (p < 0.001). Patients categorized as
PD by fDM had a shorter time to progression compared to
SD (4.3 months vs 7.3 months, p < 0.04). Functional diffusion maps also correlated with shorter patient survival in the
PD group (8.0 months) compared to the SD group (18.2
months) (p < 0.01).
CONCLUSION
These results indicate that fDM may be used as a noninvasive biomarker for early assessment of treatment response of

monday.qxp

3/9/2006

10:54 AM

Page 21

21

Monday

high-grade gliomas. Functional diffusion map changes identified 3 weeks after initiation of treatment were predictive of
eventual time to disease progression and patient survival.
KEY WORDS: Glioma, tumor response, diffusion
Paper 33 Starting at 11:18 AM, Ending at 11:26 AM
Comparison of T1 Subtraction Vascular Space
Occupancy vs. T2* Dynamic Susceptibility Contrast
Perfusion MR Imaging of Cerebral Gliomas
Young, R. J. · Pollack, E. · Lu, H. · Babb, J. · Johnson, G. ·
Law, M.
New York University Medical Center
New York, NY
PURPOSE
Perfusion MR imaging data can be acquired using a number
of different sequences, each with its own advantages and disadvantages. We compare T1 subtraction vascular space
occupancy (VASO) with T2* dynamic susceptibility contrast
(DSC) perfusion MR imaging in the grading of cerebral
gliomas.
MATERIALS & METHODS
Thirty-nine patients with primary glial neoplasms underwent
conventional, VASO and DSC MR imaging. Vascular space
occupancy analysis consisted of VASOT (tumor), VASON
(normal), and VASOR (ratio = VASOT/VASON) measurements. These were compared to DSC analysis using cerebral
blood flow (CBF), cerebral blood volume (CBV), relative
CBV (rCBV), mean transit time (MTT), plasma volume
(VP), and vascular permeability (Ktrans). Histopathologic
grades were assigned using a three-tiered Ringertz system
after volumetric resection or stereotactic biopsy. MannWhitney tests were used to compare LGG and HGG with
respect to each perfusion metric. Spearman rank correlation
coefficients assessed the association of glioma grade with
each metric. Ordinal logistic regression and receiver operating characteristic (ROC) curves were used to assess the relative utility for the prediction of glioma grade.
RESULTS
Vascular space occupancy (T) differentiated between LGG
and HGG groups (p = 0.00008) while VASOR differentiated
among all three grades (p = 0.00002). Vascular space occupancy (R) and VASOT were significant independent predictors of grade both with and without adjustment for the other
factor. The sensitivity, specificity, and diagnostic accuracy
for VASOT were 93%, 89%, and 66.7% (p = 0.0006); for
VASOR they were 93%, 78%, and 71.8% (p = 0.0004). For
DSC MRI, rCBV achieved the highest overall correlation
with grade (r = 0.804, p < 0.0001), which was greater than
the best VASO measure (VASOR, r = 0.705). To diagnose
HGGs, the area under the ROC curve was 0.936 for rCBV,
0.974 for VASOT, and 0.985 for VASOR.

Figure 1. T1 VASO (A) and T2* DSC (B) images of
glioblastoma multiforme, showing peripherally hyperperfusing tumor in the left parietal occipital region.
CONCLUSION
T1 subtraction VASO imaging is comparable to T2* DSC
MR imaging in predicting glioma grade. The improved performance of VASOR over VASOT is likely due to partial
correction for blood-brain barrier disruption and permeability effects, revealing more accurate perfusion metrics. Their
utility as independent predictors of grade suggests that they
may be characterizing different perfusion properties.
KEY WORDS: Glioma, perfusion, MR imaging
Paper 34 Starting at 11:26 AM, Ending at 11:34 AM
FDOPA PET and MR Imaging Fusion in the Assessment
of Intracranial Neoplasms
Freitas, B. · Pope, W. · Sai, V. · Cloughesy, T. · Chen, W.
Unversity of California Los Angeles Medical Center
Los Angeles, CA
PURPOSE
Contrast-enhanced MR imaging is the standard method for
following intracranial neoplasms. In treated patients, it can
be difficult on MR imaging to distinguish postsurgical gliosis and/or radiation necrosis from residual or recurrent
tumor. FDG PET has been investigated as a tool to distinguish these entities. Unfortunately the utility of FDG PET is
hampered by high cortical background activity. Low-grade
gliomas often have little utilization of glucose, which can
lead to false negative results. Amino acid transport labels,
such as FDOPA (3,4-dihydroxy-5-18F-fluoro-phenylalanine), have been proposed as alternative imaging agents,
given low background uptake in the brain. We investigated
whether FDOPA labeled intracranial neoplasms, and when
fused to MR imaging, added diagnostic value over MR
imaging alone.
MATERIALS & METHODS
Sixty-five patients with focal intracranial lesions on MR
imaging were referred for FDOPA PET and MR imaging. Of
the 65 cases, there were 39 high-grade (grade III and grade
IV) gliomas, 19 low-grade (grade II) gliomas, and 4 miscellaneous lesions. Three patients did not have a histologically
proven diagnosis. FDOPA PET scans were fused to T1 contrast-enhanced and T2-weighted MR scans utilizing
Fusion7D Fusion Software by Vital Images. The FDOPA
studies were assessed for activity in the lesions.
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RESULTS
Increased FDOPA uptake was present in all tumors, both primary and metastatic. The single case of gliosis showed no
increased activity. Multiple meningiomas present in a single
patient also were labeled. Ten of 13 discordant cases were
due to increased uptake on FDOPA with no definitive evidence of recurrence on MR imaging. Of these, three eventually went on to develop MR findings compatible with recurrence; three demonstrated no change at the time of this
report, and four showed increase in FDOPA activity in
patients with suspicious, but inconclusive findings on MR
imaging. Three of the discordant cases resulted from a negative FDOPA scan with suspicion of low-grade glioma on MR
imaging. One case went to biopsy, which revealed reactive
glial cells. A second case demonstrated T2/FLAIR hyperintensity and was felt to be low-grade glioma vs demyelinating
disease. Due to decreased uptake on FDOPA, the diagnosis
was considered likely nonmalignant with surveillance recommended. In the second case, residual tumor was suspected on postresection MR imaging. Because there was no
increased FDOPA uptake, the patient was monitored with
decrease in enhancement over time consistent with resolving
postsurgical changes.
CONCLUSION
Increased FDOPA uptake is detected easily in both primary
and metastatic brain tumors. FDOPA labeling was comparable in both high- and low-grade gliomas. A single case of
benign neoplasm (meningioma) also showed increased
uptake. FDOPA does not appear to be specific for malignancy or tumor grade. In six of the 65 patients, management was
altered based upon findings of the FDOPA scan, typically
when MR findings were equivocal. These preliminary
results suggest that FDOPA PET-MR imaging fusion adds
value over MR imaging alone in the management of recurrent brain tumors. In particular, diagnosis of low-grade
glioma recurrence, which is often nonenhancing and can be
difficult to distinguish from gliosis by MR imaging alone,
may benefit from this technique.
KEY WORDS: Neoplasm, PET
Paper 35 Starting at 11:34 AM, Ending at 11:39 AM
Intravascular Lymphomatosis: A Case Report and
Review of the Literature
Reiner, D. P. · Maya, M. · Moser, F. G. · Pressman, B. D. ·
Lee, D.
Cedars Sinai Medical Center
Los Angeles, CA
PURPOSE
To present a case of central nervous system (CNS) intravascular lymphomatosis (IVL) and to review current literature
and diagnostic criteria of CNS IVL by MR imaging.
MATERIALS & METHODS
Case report: A 48-year-old female presents with generalized
weakness, ataxia, apraxia, and altered mental status. Three
months prior to this presentation she began having episodes
of depression, extreme anger, memory lapses as well as
increasing headaches. Subsequently she experienced seizure
activity and aural hallucinations and over the next 3 months
she was seen on several occasions at multiple area emer-

gency departments including a recent episode of status
epilepticus for which she was intubated. MR imaging upon
admission demonstrated multiple ill-defined lesions within
the white matter bilaterally. These demonstrated low T1,
high T2 signal with heterogeneous enhancement. There was
no mass effect or cortical involvement. An open brain biopsy was performed that revealed intravascular B-cell lymphoma.
RESULTS
The clinical presentation and MR findings of IVL vary and
case reports are limited. Patients may present with seizures,
aphasia, weakness, or confusion. MR findings may include
nonspecific white matter lesions, focal mass lesions, or cortical involvement mimicking infarct. Contrast enhancement
is typical and dural enhancement varies. The full spectrum of
clinical and MR findings will be discussed.
CONCLUSION
Primary central nervous system IVL is a rare disease with
varied presentation. Despite this, there are several characteristic clinical and radiographic findings which suggest the
diagnosis. Knowledge of the clinical signs and findings seen
by MR imaging may aid in prompt diagnosis.
KEY WORDS: Intravascular lymphomatosis
Paper 36 Starting at 11:39 AM, Ending at 11:44 AM
Subarachnoid and Intraventricular Fat Following
Lumbar Spine Surgery: a Mimic for Ruptured
Intracranial Dermoid
Khan, R. · Mamourian, A. C.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
The presence of fat droplets in the subarachnoid space and
ventricles usually is associated with the presence of a ruptured dermoid cyst. We present two cases in which droplets
of fat were discovered in the intracranial subarachnoid space
following lumbar surgery. The nature of the surgery and the
absence of any mass suggesting a dermoid cyst support our
contention that this finding is associated with the presence of
a pseudomeningocele in these cases.
MATERIALS & METHODS
Case 1: An eight-year-old female with a history of multiple
congenital anomalies, including bladder extrophy, had a
large subcutaneous lump in the lumbosacral region. Surgery
was recommended and performed because of the patient’s
progressive back pain and leg weakness. Radiographically a
myelocystocele was diagnosed, surgically proven to be a
lipomyelocystocele, and was repaired. A subsequent
pseudomeningocele developed and was repaired. The patient
had a persistent postoperative headache. Case 2: A fortyfour-year-old male had progressive low back pain radiating
to his left thigh, leg, and foot. Radiographically, an L5 spinal
canal ependymoma was diagnosed which surgically proved
to be a schwannoma. Surgical removal was complicated by
a pseudomeningocele and 5 weeks after this was discovered
the patient had a first time seizure.
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stains. Patient was discharged without neurologic deficits
and is tumor-free 9 months postoperatively.
RESULTS
MR imaging with and without gadolinium demonstrated a
homogeneously enhancing 7 cm x 5 cm x 5 cm heterogeneous tumor, predominantly isointense on T1-weighted
images (T1WI) and slightly hypointense on T2WI when
compared to gray matter (Fig 1). It contained small cystic
areas, had underlying vasogenic edema in the frontal lobe
white matter, mass effect, and 1.5 cm midline shift.
Preoperative angiogram showed a highly vascular tumor
with substantial blood supply from the ophthalmic artery,
pial vessels from the anterior cerebral arterial, and middle
meningeal, deep temporal, and superficial temporal branches of the external carotid artery (ECA). Preoperative differential diagnosis was meningioma versus hemangiopericytoma.

CONCLUSION
In the case of the lipomyelocystocele, the entire neurologic
axis was scanned via MR imaging prior to surgery and
showed no dermoid cyst. In the case of the schwannoma, the
entire axis was studied via MR imaging postsurgically save
for the thoracic spine, and no dermoid cyst was found. In the
setting of a pseudomeningocele, there is a direct communication between the dorsal subcutaneous fat and the subarachnoid space often without an intervening arachnoid
layer. Once in the subarachnoid space and when the patient
is upright, these fat emboli then can float up to the brain and,
by way of the foramena of Luschka, into the ventricles. Fat
in the ventricles is an unusual finding, but these two cases
illustrate that in some circumstances it may be seen after
spine surgery.
KEY WORDS: Fat, ruptured, dermoid
Paper 37 Starting at 11:44 AM, Ending at 11:49 AM
Intracranial Malignant Solitary Fibrous Tumor
Morris, J. M. · Kallmes, D. F.
Mayo Clinic
Rochester, MN
PURPOSE
To present a case report and demonstrate the imaging characteristics of a rare extraaxial mass.
MATERIALS & METHODS
Case report: A 38-year-old left-handed male presented to a
local emergency department with several months of worsening left frontal headaches and new blurred vision in the right
eye. A noncontrast CT of the head revealed a large left heterogeneous frontal mass. Patient was transferred to the Mayo
Clinic where MR imaging demonstrated a 7 cm x 5 cm x 5
cm homogeneously enhancing left extraaxial frontal mass. A
preoperative angiogram was obtained and external carotid
artery supply was embolized. The tumor was resected via a
left frontal craniotomy without complication. Pathology
showed a spindle cell neoplasm which immunohistochemically stained positive for antibodies to CD-34, but not to
early membrane antigen (EMA) or S-100. Final diagnosis of
malignant solitary fibrous tumor was made based on these

CONCLUSION
Solitary fibrous tumors (SFT) are encountered rarely outside
of the pleura. In the central nervous system they typically
arise from the meningeal surfaces, without meningothelial
differentiation and are classified by the world health organization (WHO) as mesenchymal nonmeningothelial tumors.
While most are histologically benign the natural history and
incidence of malignant transformation is unknown, therefore, all should be treated with complete resection. Case
reports of intracranial SFTs have been described in the
pathology and neurosurgical literature but to date none have
focused on the imaging characteristics. We believe that neuroradiologists should become familiar with this entity and
include it in the differential diagnosis of meningioma,
hemangiopericytoma, schwannoma, and fibrosarcoma.
KEY WORDS: Solitary fibrous tumor, extraaxial, spindle cell
neoplasms
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RESULTS
Case 1: Preoperative MR imaging of the brain and total spine
reveals a skin-covered spinal dysraphism consistent with a
myelocystocele, and notably no dermoid cyst. Postoperative
MR imaging of the lumbar spine shows a pseudomeningocele. Postoperative head CT scan to assess ventricular size,
due to headache, reveals numerous droplets of fat in the ventricles and subarachnoid spaces. Follow-up MR imaging of
the brain shows persistent cerebral spinal fluid (CSF) space
fat. Case 2: Preoperative MR imaging of the lumbar spine
shows an oval 1.5 cm lesion in the spinal canal at L5 thought
to represent an ependymoma, surgically proven to be a
schwannoma. Postoperative lumbar MR imaging shows a
pseudomeningocele. Head CT following first time seizure
reveals small droplets of fat in the ventricular system and
CSF spaces. MR imaging of the brain, cervical, and lumbar
spine reveal scattered droplets of fat in the CSF spaces of the
brain, an enlarged lumbar pseudomeningocele, and notably
no dermoid cyst in these regions.
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Paper 38 Starting at 11:49 AM, Ending at 11:54 PM
Unusual Medulloblastoma with Subdural and
Subarachnoid Hemorrhage: Imaging Findings
Mellman, D. M. · Heros, R. · Norenberg, M. D. · Sklar, E. ·
Bhatia, R.
University of Miami
Miami, FL
PURPOSE
To describe a case of spontaneous subdural and subarachnoid hemorrhage from an atypical medulloblastoma.
MATERIALS & METHODS
A 36-year-old male with 7-month headache history presented with severe occipital headache, radiating to the neck with
nausea and vomiting. An exploratory craniotomy resulted in
ressection of a right cerebellar hemorrhagic lesion. Surgical
pathology results showed strong GFAP and CD99 staining,
consistent with medulloblastoma with glial differentiation.
RESULTS
Noncontrast CT of the head showed hyperattenuating, hemmorhagic, right cerebellar mass with associated bilateral
subarachnoid hemorrhage and subdural hematomas along
the inferior margins of both tentoria. Contrast MR imaging
of the brain revealed a low T1, high T2 and FLAIR mass
lesion in the right cerebellar hemisphere with mass effect on
the fourth ventricle. Increased susceptibility artifact was
noted on gradient-echo images suggestive of hemorrhage
within the mass. No contrast enhancement was present.
Evidence of subarachnoid and subdural hemorrhage was
noted. No evidence of leptomeningeal seeding was noted
along the craniospinal axis.

CONCLUSION
Medulloblastoma is a malignant tumor of neuroepithelial
origin found in the posterior fossa in children and rarely in
adults. It typically arises in the cerebellar vermis. Classical
imaging findings on CT and MR are well described (1). In
adults, the appearance may be more atypical, demonstrating
a more lateral location within the cerebellum, occasional
absent enhancement, large cystic and/or hemorrhagic components, and no hydrocephalus (2). This case illustrated a
medulloblastoma in an adult with many atypical features,
notably the absence of enhancement and the presence of a
large amount of hemorrhage, both intratumoral, subarachnoid, and subdural. Cases of massive intratumoral hemorrhage have been described (3, 4); however extratumoral
hemorrhage has been reported rarely, predominantly subarachnoid (1). No case reports to date have described the
presence of spontaneous subdural hemorrhage, thus this case
of medulloblastoma appears to be unique.
KEY WORDS: Medulloblastoma, subdural hematoma
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10:30 AM – 12:00 PM
Room 1AB
(4d) ADULT BRAIN: Cerebrovascular
Disease
(Scientific Papers 39 – 50)
See also Parallel Sessions
(4a) SPINE: Evaluation of Spinal Conditions
(4b) PEDIATRICS: Miscellaneous
(4c) ADULT BRAIN: Neoplasms (Diffusion/Perfusion)
Moderators:

Toshio Moritani, MD, PhD
Ronald L. Wolf, MD, PhD

Paper 39 Starting at 10:30 AM, Ending at 10:38 AM
Old Microbleeds Are not a Risk Factor for Hemorrhagic
Transformation after Thrombolytic Therapy in Acute
Ischemic Stroke
Bonfante, E. · Shaltoni, H. M. · Albright, K. C. · Khaja, A.
M.. · Sitton, C. W. · Grotta, J. C. · Cacayorin, E. D.
Memorial Hermann Hospital
Houston, TX
PURPOSE
Asymptomatic cerebral microbleeds (MBs) create punctate
hemosiderin deposits within the brain parenchyma that are
detected readily on T2*-weighted gradient-echo MR imaging. Microbleeds have been described in the literature as a
marker of chronic small vessel ischemic disease and regarded as a possible risk factor for hemorrhagic transformation of
acute ischemic stroke. The purpose of this study was to
assess weather the presence of MBs predisposes acute
ischemic stroke patients to hemorrhagic complications after
thrombolytic therapy.
MATERIALS & METHODS
From a single hospital stroke center, we selected all patients
with completed MR imaging including DWI, FLAIR, and
GRE sequences admitted with the diagnosis of ischemic
stroke from January 2004 to May 2005. Treatment decisions
were made, either before or after MR imaging, independent
of the presence or absence of MBs. Follow-up imaging during the same admission was reviewed also. Trained neuroradiologists blinded to treatment modality reviewed all MR
images for MBs, their number and location, leukoaraiosis,
early infarct, encephalomalacia, and all follow-up imaging
for hemorrhagic transformation (HT). Hemorrhagic transformation was defined as presence of blood at any location on

RESULTS
Six hundred and seven patients were admitted with the diagnosis of acute ischemic stroke. Four hundred patients (mean
age 66 + 14.5 years, range 23-98 years, 50.8% women) met
the inclusion criteria with 495 CT scans and 425 MR images.
Thirty-three percent, 133/400 were treated with TPA: iv (n =
125), ia (n = 8), or both (n = 11). The overall prevalence of
MBs in our stroke population was 18% (73/400). Among this
group, 28.5% (4/14) who received TPA experienced HT as
compared to 5% (3/59) who did not receive TPA (Fisher
exact test, p = .022). In patients without MBs, 22.6%
(27/119) of patients that received TPA experienced HT as
compared to 13.4% (28/208) who did not receive TPA
(Pearson Chi-Square, p = .032). Therefore, the incidence of
HT among those patients treated with TPA with MBs (4/14,
28.5%) did not differ significantly from those treated with
TPA without MBs (27/119, 22.6%) (Fisher’s Exact Test, p >
.05).
CONCLUSION
Although the presence of microbleeds may be a marker of
microvascular disease, patients with cerebral microbleeds do
not have a significantly increased incidence of hemorrhagic
conversion after thrombolytic therapy.
KEY WORDS: Microhemorrhages, stroke, thrombolysis
Paper 40 Starting at 10:38 AM, Ending at 10:46 AM
Determining Eligibility of Acute Stroke Patients for
Thrombolytic Therapy: Comparison of Rapidly
Produced Perfusion-Weighted MR Images to Those
Produced by Deconvolution
Copen, W. A. · Colen, R. R. · Gonzalez, R. G. · Schaefer, P.
W.
Massachusetts General Hospital
Boston, MA
PURPOSE
Perfusion-weighted MR imaging (PWI) plays a valuable role
in the care of acute stroke patients. Patients whose MR
examinations show a large spatial mismatch between lesions
seen on diffusion-weighted images (DWI) and those seen on
PWI have more tissue at risk of infarction, and are considered better candidates for thrombolytic therapy. While a PWI
pulse sequence can be performed very rapidly, the postprocessing required to produce optimal PWI images requires
mathematical deconvolution, a process that may consume an
unacceptable amount of time in the emergency setting. We
sought to determine whether PWI images produced by a less
statistically rigorous but far more rapid technique may lead
to similar conclusions regarding eligibility for thrombolytic
therapy.
MATERIALS & METHODS
Forty-four emergency room patients with suspected acute
stroke underwent DWI and PWI, using a protocol requiring
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subsequent imaging after an admission CT that did not show
any blood. Demographic data including age, gender, stroke
risk factors, preadmission medication, and treatment with
tissue plasminogen activator (TPA) intravenously, intraarterially, or both were obtained from a prospectively collected
stroke registry.
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less than 5 minutes of imaging time. Maps of mean time of
enhancement (MTE), a nondeconvolution-based approximation of mean transit time (MTT), were prepared rapidly, usually before the patient left the scanner. Subsequently, MTT
maps were prepared using a more time-consuming deconvolution-based algorithm. Two radiologists (R1, R2) reviewed
both sets of images retrospectively, using criteria adopted
from the DIAS trial of desmoteplase in acute stroke therapy,
to determine whether either or both PWI maps showed a
DWI/PWI mismatch measuring at least 20% of the volume
of a DWI lesion, or 2 cm for scans with no apparent DWI
lesion.
RESULTS
R1 and R2 disagreeed regarding whether MTT maps showed
significant DWI/PWI mismatch in 4/44 cases. In 2 other
cases, one or both radiologists found MTT maps uninterpretable. In 2 other cases, the radiologists agreed that an
MTT abnormality was present, but one was not sure if it
measured more than 20% larger than the DWI abnormality.
Among the other 36 studies in which both radiologists
agreed that MTT maps did or did not show a significant mismatch, the sensitivity/specificity of the rapid MTE maps for
detecting that mismatch was 87%/85% for R1, and
93%/95% for R2. Interestingly, among unanimously DWInegative studies, R1 and R2 found MTT abnormalities measuring at least 2 cm in 6 and 7 cases, respectively.
CONCLUSION
Subjective assessment of whether an MTT abnormality is
substantially mismatched with a DWI lesion is somewhat
variable, even for optimally produced MTT maps. However,
among cases in which there is interrater agreement, rapidly
produced maps can provide a high level of accuracy for
detection of DWI/PWI mismatch, and therefore eligibility
for thrombolysis. Interestingly, PWI identified perfusion
abnormalities in a substantial number of patients that had no
evidence of infarction on DWI images.
KEY WORDS: Stroke, perfusion-weighted imaging
Paper 41 Starting at 10:46 AM, Ending at 10:54 AM
Selection of Stroke Patients for Acute Treatment: How
Does Perfusion CT Perform Compared to DiffusionWeighted/Perfusion-Weighted Imaging?
1

2

2

Wintermark, M. · Michel, P. · Meuli, R. · Bogousslavsky,
J.2 · Browaeys, P.2 · Reichhart, M.2 · Schnyder, P.2
1

University of California San Francisco, San Francisco, CA,
University Hospital of Lausanne, Lausanne, SWITZERLAND

2

PURPOSE
Diffusion- and perfusion-weighted imaging (DWI/PWI) are
used in several drug trials to select stroke patients for acute
treatment. The purpose of this study was to evaluate how
perfusion CT (PCT) performs compared to MR imaging in
the evaluation of the features evaluated for acute stroke treatment decision.
MATERIALS & METHODS
Forty-five acute stroke patients underwent successive CT
and MR imaging examinations in the 3-9-hour window following symptom onset. Fourteen of them eventually were
selected for acute stroke treatment based on clinical and MR

imaging criteria. MR imaging and PCT/CTA examinations
obtained in the 42 patients were reviewed independently by
two observers for the following criteria: infarct core (DWI
abnormality or PCT infarct) 20%, and ischemic involvement
of the cortex. The PCT infarct and ischemic penumbra were
computed automatically using cerebral blood volume (CBV)
and mean transit time (MTT) thresholds reported in the literature. Evaluations of the previously mentioned criteria, and
final treatment decision based on these criteria, were compared using Pearson’s khi square statistics (alpha).
RESULTS
Agreement between PCT and MR imaging was excellent
regarding infarct size (alpha = 0.89) and cortical involvement (alpha = 0.84), and substantial regarding the penumbra/infarct ratio (alpha = 0.79). Agreement for treatment
decision was excellent (alpha = 0.95). Only one patient
would have been treated based on MR imaging, and not
treated based on CT. In this patient, the penumbra was eyeballed as > 20% compared to the infarct on DWI/PWI, and
as < 20% on PCT. Quantitative PCT measurements revealed
that the penumbra/infarct ratio (23%) actually exceeded
20%. The discordance resulted from the eyeballing approach
used in the review rather than from the PCT technique itself.
CONCLUSION
Perfusion CT affords a reliable alternative to the DWI/PWI
mismatch concept for the selection of stroke patients for
acute treatment. For the infarct/penumbra ratio evaluation, a
quantitative assessment of the PCT results may be more reliable than subjective eyeballing.
KEY WORDS: Acute stroke, thrombolysis, perfusion CT
Paper 42 Starting at 10:54 AM, Ending at 11:02 AM
Baseline MR Perfusion/Diffusion-Weighted Imaging
Mismatch Correlated with Subsequent Extent of
Ischemic Infarct
Supsupin, E. P. · Shaltoni, H. · Sitton, C. · Hochhauser, L. ·
Cacayorin, E.
University of Texas Medical School at Houston
Houston, TX
PURPOSE
The advent of thrombolytic agents and mechanical intervention in the management of acute ischemic stroke has made it
critical to quickly identify patients who most likely will benefit from these therapeutic options. The ability of MR perfusion-diffusion weighted imaging (P/DWI) to depict
“reversibly ischemic” vs “irreversibly ischemic” tissue, the
so-called “ischemic penumbra” has been the basis of its
employment in the triage of patients for such interventions,
yet the role of MR imaging in predicting patient outcome
remains controversial and subject to variable scientific
scrutiny. The objectives of this study are to address the following issues: 1) Do areas of anatomical mismatch between
diffusion-weighted images (DWIs) and maps of perfusion
accurately depict an “ischemic penumbra” and to what
extent does it, without treatment, generally go on to represent the final extent of an evolving infarct? 2) Is thrombolytic or mechanical treatment of clot burden associated with an
altered natural history of such a “penumbra”?
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RESULTS
For Group A (untreated), 10 of 13 patients had concordant
results and 3 of 13 patients had discordant results. Therefore,
for Group A, the accuracy of the diffusion-perfusion mismatch in predicting the final extent of infarct was 77%. For
Group B (treated), 6 of 11 patients had concordant results
and 5 of 11 patients had discordant results. Therefore, for
Group B, the accuracy of the diffusion-perfusion mismatch
in predicting final infarct size was 55%.
CONCLUSION
Mismatch or “ischemic penumbra” most often progresses to
infarct and does represent an accurate predictor of final
infarct size in untreated patients. However, for patients in our
study receiving treatment, it is less predictive. It is unclear if
this is a result of treatment or of selection criteria for treatment. In this regard, studies analyzing the role of MR P/DWI
in predicting the subsequent infarct outcome in treated
patients should be encouraged.
KEY WORDS: Perfusion/diffusion-weighted imaging mismatch, MR diffusion/perfusion mismatch, ischemic infarct
Paper 43 Starting at 11:02 AM, Ending at 11:10 AM
Gadolinium Enhancement Predicts Hemorrhagic
Transformation in Acute Ischemic Stroke
Mikulis, D. J.1 · Guo, G.2 · Wu, R.2 · John, V.1 · Silver, F.1
1

The Toronto Western Hospital, Toronto, ON, CANADA,
Shantou University Medical College, Shantou, CHINA

2

PURPOSE
To investigate the relationship between each of two highdose gadolinium MR imaging findings, 1) parenchymal
enhancement, and 2) a hyperintense middle cerebral artery
(MCA), with subsequent hemorrhagic transformation (HT)
in patients with hyperacute ischemic stroke.
MATERIALS & METHODS
Twenty-four consecutive patients with ischemic stroke who

underwent MR imaging with high-dose (45 cc) gadoliniumDTPA within 4.3 +/- 1.4 hrs of symptom onset were
reviewed retrospectively. All of these patients underwent at
least one follow-up MR imaging or nonenhanced CT study
at 2-7 days postictus. Postgadolinium T1-weighted images
(T1WI) were analyzed for parenchymal enhancement and a
hyperintense MCA. Gradient-echo MR imaging and CT
were used for assessment of HT.
RESULTS
Ten (41.67%) patients developed HT on follow-up imaging
(hemorrhagic group). Early parenchymal contrast enhancement was found in six patients with HT (p = 0.002). A hyperintense MCA was seen in five patients with HT (p = 0.006).
In the fourteen patients without HT (nonhemorrhagic group),
none showed early parenchymal enhancement and/or hyperintense MCA. The sensitivity of parenchymal enhancement
and the HMCA sign were 60% and 50% respectively.
Parenchymal enhancement and the hyperintense MCA had
specificities of 78% and 74% respectively. The positive predictive values were 100% for each sign.
CONCLUSION
Early parenchymal enhancement and a hyperintense MCA
on T1WI following Gd-DTPA administration are independent predictors of subsequent HT.
KEY WORDS: Stroke, blood-brain barrier, hemorrhagic transformation
Paper 44 Starting at 11:10 AM, Ending at 11:18 AM
Change in Lesion Pattern in Hyperacute Ischemic Stroke
Patients Revealed by High-Resolution Diffusion Imaging
Benameur, K.
National Institutes of Health
Bethesda, MD
PURPOSE
The pattern of acute ischemic lesions on diffusion-weighted
imaging (DWI), both in morphology and vascular anatomy,
has become important for determining etiology, selecting
therapy, and prognosis. However, typical DWIs still have
low spatial resolution, are plagued by artifact, and identify
lesions with a low level of confidence. We hypothesize that
increased spatial resolution and signal-to-noise ratio will
allow for increased lesion conspicuity and for the identification of previously unseen lesions possibly causing a change
in lesion pattern.
MATERIALS & METHODS
A total of 26 consecutive patients imaged within 6 hours of
symptom onset, with both DWI (7 mm thick, 3 gradient
directions, 28 s) and high-resolution DWI (DWI-HR) (2.5
mm thick, 13 gradient directions, 246 s) on the same imaging exam, and with a discharge diagnosis of acute ischemic
stroke or transient ischemic attack (TIA) were included in
this retrospective study. Ischemic lesions were defined as
hyper-intense regions on both diffusion sequences. Image
reading was performed by an experienced neuroradiologist
(JB); lesion number, size, level of confidence, location and
vascular territory affected were recorded and compared
between both techniques (student’s t-test).
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MATERIALS & METHODS
Patients presenting with neurologic symptoms of acute
ischemic stroke from January 2005 to November 2005 and
who also underwent MR P/DWI within 12 hours of ictus
were reviewed retrospectively. Patients presenting with neurologic symptoms of acute ischemic stroke from January
2005 to November 2005 and who also underwent MR
P/DWI within 12 hours of ictus were reviewed retrospectively. A total of 24 patients, 13 males and 11 females, ranging in age from 41 to 60 years, showed P/DWI mismatch and
were included in the study. These regions of diffusion-perfusion mismatch were reevaluated on subsequent MR and/or
CT imaging [with a follow-up interval of 1 to 7 days (median 2)] and any progression of the final infarct size from the
baseline DW images was recorded. The result was considered concordant if the “penumbra” progressed to infarct and
discordant if the initial DWI abnormality was stable. They
were divided retrospectively into 2 groups. Group A was
untreated or given only Aspirin or antiplatelet medication for
stroke prophylaxis. Group B had received treatment in the
form of intravenous TPA, intraarterial pharmacologic thrombolysis or mechanical (MERCI), or combination of any of
these.
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RESULTS
A total of 89 and 34 lesions were identified on DWI-HR and
DWI respectively (p < 0.05). Among the lesions identified
on DWI-HR, 52 (58.42%) were not seen on DWI, whereas
only 2 lesions were unique to DWI. Overall, the level of confidence in lesion identification rose from an average of 82%
on DWI to 91% on DWI-HR. Lesions unique to DWI-HR
were found predominantly in the cortical gray matter (23,
41.81%) and white matter (23, 41.81%) A total of nine
patients (34.61%) had lesions on DWI-HR in vascular territories that were not affected on DWI; four patients (44.5%)
had multiple vascular territories affected while a single vascular territory was involved on DWI, and three patients
(33%) had lesions on DWI-HR while DWI was considered
negative.

12 minutes acquisitions for BOLD. Studies were performed
on a 1.5 T Signa Echospeed MR imaging system (GE
Medical System, Milwaukee, WI) equipped with 23 mT/m
gradients.

CONCLUSION
Increased lesion conspicuity and identification of lesions
previously missed by DWI resulted from higher resolution
DWI, increasing the lesion count by nearly three-fold.
Lesions unique to DWI-HR were distributed in the cortical
gray matter and white matter, and involved vascular territories that were seen as unaffected on DWI in a subset of
patients causing a change in lesion pattern. High-resolution
DWI may be a better imaging tool in helping institute the
most appropriate management of acute stroke patients.

CONCLUSION
The CVR mapping of the brain is reflecting tissue level
hemodynamic status. Noninfarcted brain tissue with
decreased CVR due to CAOD may be reversible after carotid
revascularization procedures. The BOLD MRI CVR mapping can be a very reliable and practical imaging method for
the triage of CAOD patient management.

KEY WORDS: Acute stroke, diffusion-weighted imaging,
lesion pattern

Paper 46 Starting at 11:26 AM, Ending at 11:34 AM
A Comparative Study of SPECT for Cerebrovascular
Reserve and Angiographic Flow Patterns in Patients with
Symptomatic Carotid Occlusive Disease

Paper 45 Starting at 11:18 AM, Ending at 11:26 AM
BOLD MR Imaging Mapping of Cerebrovascular
Reserve with Carotid Artery Occlusive Disease: Value in
Identifying
Patients
for
Carotid
Artery
Revascularizations
Lee, S. · Poublanc, J. · Ronit, A. · Willinsky, R. · Farb, R. ·
terBrugge, K. · Mikulis, D.
The Toronto Western Hospital, University Health Network
Toronto, ON, CANADA
PURPOSE
The purpose of this study is to evaluate the value of the
BOLD MRI cerebrovascular reserve (CVR) mapping technique for identifying hemodynamically compromised group
from the carotid artery occlusive disease (CAOD) patients.
MATERIALS & METHODS
Thirteen patients (12 male;1 female, mean age: 70.6 +/-15
years) with BOLD MRI CVR study who were diagnosed as
CAOD based on gadolinium-enhanced MR angiography
were reviewed retrospectively. Eleven patients were symptomatic (either TIA or minor stroke) and two patients were
asymptomatic. Degree of symptomatic carotid artery stenosis on the gadolinium-enhanced MR angiography was 97.3%
(range of stenosis: 85 to 100%) which includes four complete occlusions of ipsilateral carotid artery of the symptomatic side. One of two asymptomatic patients had bilateral
complete occlusion of extracranial carotid arteries and
another showed bilateral 99% stenosis of extracranial carotid
arteries. BOLD MRI CVR studies were performed using a
CO2 rebreathing method during MR imaging. End tidal CO2
was toggled between 35 to 45 mm Hg over 4 cycles during

RESULTS
All of asymptomatic patients (n = 2, 100%) and 4 symptomatic patients (4/11, 36.3%) showed bilateral symmetric
cerebrovascular reserve on CVR maps. Seven out of 11
symptomatic CAOD patients (7/11, 63.6%) demonstrated
ipsilateral decreased CVR on the symptomatic side. All four
cases with decreased CVR who had carotid artery revascularization procedures [carotid endarterectomy (n = 3),
carotid stent-assisted angioplasty (n = 1)] showed improved
CVR on follow-up studies.

KEY WORDS: BOLD MR imaging, cerebrovascular reserve,
CO2

Bapuraj, J. R. · Choudhary, S. · Mittal, B. R. · Khurana, D. ·
Khandelwal, N. · Singh, P. · Suri, S.
Postgraduate Institute of Medical Education and Research
Chandigarh, INDIA
PURPOSE
To correlate cerebrovascular reserve with angiographic flow
patterns and intra or extracranial carotid arterial stenosis in
young and older stroke patients.
MATERIALS & METHODS
Twenty patients were studied prospectively between May
2004 to Oct 2005: 10 patients were in age group15-45 yrs
(Group A) and 10 patients were in the age group > 45 yrs
(Group B). All patients underwent an acetazolamide-challenged SPECT study of the brain followed by catheter cerebral angiography. Six of the 10 patients in Group A had
occlusion of the extracranial ICA, one had significant (>
90%) stenosis of extracranial ICA and 2 had near complete
occlusion of intracranial ICA. Eight of the 10 patients in
Group B had occlusion of ICA in cervical part, 2 had significant stenosis(> 90%)at the ICA origin. Qualitative and
semiquantitative analysis in ACA, MCA, and PCA territories
for evidence of normal or reduced cerebrovascular reserve
(CVR) was done with SPECT imaging. Angiography was
performed in all patients. The angiographic data were analyzed with respect to change in the lumen of major cerebral
vessels namely ICA (extra and intracranial), the A1 segment
of ACA, the M1 segment of MCA. The collateral circulation
was assessed by evaluating patterns of flow and graded into
4 types.
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CONCLUSION
Young patients of stroke had increased incidence of reduced
cerebrovascular reserve as compared to older patients.
KEY WORDS: Cerebrovascular reserve, SPECT, angiography

considered positive if there was a CBF and MTT defect corresponding to the vascular territory of the vessel in question.
RESULTS
For internal carotid artery thrombus detection, GRE had a
sensitivity of 7% and a specificity of 100% versus 100% sensitivity and specificity by CTA. For M1 thrombus, GRE had
a sensitivity of 60% and a specificity of 91%, versus CTA
with a sensitivity of 100% and a specificity of 100%. For M2
thrombus, both GRE and CTA had sensitivity of 68%, with
specificity by GRE of 94% and by CTA of 98%. For M3
thrombus, GRE demonstrated a sensitivity of 92% and specificity of 89%, while sensitivity and specificity by CTA was
33% and 100%, respectively.
CONCLUSION
CT angiography is more sensitive than T2*-weighted imaging for the detection of proximal thrombi. However, T2*weighted imaging is more sensitive than CTA for the detection of distal thrombi. This finding may result from proximal
occlusion hindering distal opacification or difficulty in evaluating too numerous to count small vessels on CTA. GRE
can be used as a guide to reexamine the CTA for distal occlusion. This information may be important in the evaluation
and management of acute stroke patients.
KEY WORDS: Stroke, susceptibility, CT angiography
Paper 48 Starting at 11:42 AM, Ending at 11:50 AM
Impact of MR Imaging-Detected White Matter
Hyperintensities on Regional Cerebral Blood Flow
Kraut, M. A.1 · Beason-Held, L.2 · Elkins, W.2 · Resnick, S.2
1

The Johns Hopkins Medical Institutions, Baltimore, MD,
National Institutes on Aging, Baltimore, MD

2

Paper 47 Starting at 11:34 AM, Ending at 11:42 AM
Detection of Intracranial Thrombus in Acute Ischemic
Stroke by CT Angiography and Susceptibility Changes
on Precontrast Perfusion MR Imaging
Sheikh, S. F. · Gonzalez, R. · Lev, M. H. · Schaefer, P. W.
Massachusetts General Hospital
Boston, MA
PURPOSE
To compare CT angiography (CTA) and echo-planar gradient-echo images in the detection of intraluminal thrombus in
patients with acute ischemic stroke.
MATERIALS & METHODS
Seventy-eight patients (mean age, 68 years) with symptoms
of acute stroke referable to the middle cerebral artery territory, who had both CTA of the head and neck as well as MR
perfusion imaging (average time between scans, 2.7 hours)
within 12 hours of symptom onset, were evaluated. Two
experienced neuroradiologists (independently and then by
consensus), in a blinded fashion, recorded suspected clot
location (ICA, M1, M2, & M3) on the CTA and gradientecho echo-planar T2*-weighted (GRE) images (obtained
from the perfusion imaging prior to injection) separately.
Subsequently, the CTA and GRE images were compared
with each other and with mean transit time (MTT) and cerebral blood flow (CBF) maps. A suspected thrombus only was

PURPOSE
To evaluate the impact of longitudinal changes in MR imaging-detected white matter (WM) abnormalities on patterns of
resting regional cerebral blood flow (rCBF).
MATERIALS & METHODS
We evaluated 74 (41 males, 33 females; mean age 68.5 yrs,
std = 7) participants in the neuroimaging substudy of the
Baltimore Longitudinal Study of Aging (BLSA) using H215O
PET to estimate resting rCBF, and PD/T2-weighted MR
images to evaluate WM disease (WMD). The white matter
disease was graded using a numerical scale (previously validated and used in the multicenter Cardiovascular Health
Study), with grade 1 being least severe and 9 being most
severe. SPM2 was used to investigate associations between
resting rCBF patterns at year 1 and WM. We evaluated variations in rCBF as a function of WM disease severity in two
groups of subjects: one with stable white matter over 9 years,
and the other whose WMD progressed over the same interval.
RESULTS
Mean ages of the two subject groups did not differ significantly. The mean white matter grade in the subject group
with stable WMD was 1.26 at year 1 but 1.91 in the group
whose WMD progressed ( p < 0.0012). In this latter group,
the WM disease progressed by a mean of 1.2 WM grades.
There were marked differences in the WMD-severity-related
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RESULTS
Seven of 10 (70%) young stroke patients in Group A showed
decreased CVR compared to 2 of 10 (20%) patients of Group
B. Combining all the vascular territories examined (n = 80),
50 demonstrated type 1 flow, 15 had type 2 flow, 8 had type
3 and 7 showed type 4 flow. Of 65 territories with type 1 or
type 2 flow, 49 (75%) showed no evidence of reduced CVR
and16 (25%) had evidence of reduced CVR. Of 15 territories
with type 3 or 4 flow, 8 (53.3%) had evidence of reduced
CVR and 7 (46.7%) had no evidence of reduced CVR. The
vascular territories with decreased CVR on SPECT brain
scans had a significantly higher dependence on leptomeningeal or EC-IC collaterals on the cerebral angiograms
(2 df = 3, P < .0001). Of 40 vascular territories examined in
Group A, 32 patients had type 1 or 2 flow and 8 patients had
type 3 or 4 flow. Twenty-two of the 32 patients with type 1
or 2 flow showed no evidence of reduced CVR whereas 10
of 32 patients had evidence of reduced CVR. One of 7
patients with type 3 or 4 flow showed no evidence of
reduced CVR whereas 7 of 8 patients with type 3 or 4 flow
had evidence of reduced CVR. A significant correlation was
revealed (2 df = 3 p < 0.0000). In patients of Group B, 33 of
40 (83%) patients had type 1 or 2 flow and 7 of 40 patients
had type 3/4 flow. Twenty-seven of 33 (82%) patients with
type1 or 2 flow had no evidence of reduced CVR and 6 of 32
(19%) patients had evidence of reduced CVR. Six of 7
(86%) patients with type 3 or 4 flow had no evidence of
reduced CVR whereas 1 of 7 (14%) patients with type 3 or 4
flow had evidence of reduced CVR (2 df = 3 p = 0.237).
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rCBF patterns in subjects whose WMD progressed compared to the patterns in the subjects with stable-appearing
WM. At year 1, the group with white matter that would
progress over the next 9 years showed increased rCBF as a
function of white matter grade in the left temporoparietooccipital junction region and at the right precuneate/posterior cingulate junction. They showed reduced rCBF in the
right postcentral and middle temporal gyri. In contrast, at
year 1, the group with WMD that would remain stable over
time showed increased rCBF as a function of WMD in the
left orbitofrontal region, and in the left hippocampus. This
group showed decreased rCBF in the left inferior frontal
gyrus, the medial left superior frontal gyrus, the left anterior
cingulate, the polar aspect of the right superior frontal gyrus,
and the right inferior temporal (fusiform) gyrus.
CONCLUSION
Even before WM disease progresses, there are distinct patterns of resting rCBF apparent in subjects who will go on to
demonstrate further deterioration of their white matter.
While some of the differences evident at year 1 are likely due
to the fact that the subjects with WMD that ultimately progressed started out with worse-looking white matter, the differences also could plausibly relate to changes in baseline
cortical function that occur to accommodate less efficient
interregional communication due to white matter disease,
even before the WMD progression becomes apparent on MR
imaging. Alternatively, there might be changes in the gray
matter itself that are not MR imaging-detectable, for which
the detectable WM changes are a visible proxy, but which
result in altered baseline rCBF.
KEY WORDS: Resting blood flow, white matter disease, PET
Paper 49 Starting at 11:50 AM, Ending at 11:55 AM
Diffusion-Weighted Imaging Findings of Intramural
Hematoma in Internal Carotid Artery Dissection
Ebersole, J. · Parmar, H. A. · Mukherji, S. K.
University of Michigan
Ann Arbor, MI
PURPOSE
To present and discuss the diffusion-weighted imaging
(DWI) findings of intramural hematoma in internal carotid
artery dissection.
MATERIALS & METHODS
A 48-year-old man with past history of hypertension presented with new onset headache and right-sided paresthesia.
On examination, his initial blood pressure was 180/120 mm
of Hg.
RESULTS
Noncontrast head CT scan was normal. MR imaging demonstrated acute watershed infarcts along left anterior-middle
and left middle-posterior cerebral arterial distributions. MR
angiography demonstrated short segment narrowing of the
left internal carotid artery at the skull base with crescentic,
extraluminal T1 and T2 hyperintensity suggestive for intramural hematoma and arterial dissection. On the isotropic
DWI there was restricted diffusion with hyperintensity noted
within this hematoma with dark signal on the corresponding
ADC map.

CONCLUSION
Intracranial hematomas have been shown to demonstrate
DWI hyperintensity at hyperacute and late subacute stages.
Hematomas are DWI hypointense in acute, early subacute,
and chronic stages due to susceptibility effects. Since its first
description, DWI has been used extensively to study
ischemic lesions, brain tumors, and infections. Diffusionweighted imaging has been applied also to study some head
and neck lesions and intracranial hematomas but there is no
report describing DWI findings in intramural hematoma in
arterial dissection. This is partly due to the fact that the base
of skull region with inherently different and inhomogeneous
tissues like bone, air, and fat is a difficult region to image
resulting in severe susceptibility artifacts. Wider availability
and application of technique such as sensitivity encoding
(SENSE) greatly enhances the quality of echo-planar DWI
by reducing the blurring and off-resonance artifacts particularly at the skull base as seen in our case. We believe our case
demonstrates the potential application of DWI in evaluation
of intramural hematoma in cases of arterial dissection at the
base of skull.
KEY WORDS: Diffusion-weighted imaging, dissection, internal carotid artery
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Hamilton, B. E.1 · Salzman, K. L.1 · Nesbit, G. N.2
1

University of Utah, Salt Lake City, UT, 2Oregon Health &
Science University, Portland, OR

PURPOSE
We report a case of acute hypertensive encephalopathy (posterior reversible encephalopathy) in a patient with longstanding multiple sclerosis. Contrast-enhanced MR perfusion imaging demonstrated hypoperfusion and delay in time
to peak bolus in the affected areas showing characteristic T2
signal prolongation. Repeat imaging within 5 hours demonstrated enhancement within the subarachnoid spaces, not
present on initial examination. These findings support recent
evidence that hypoperfusion with slow leakage at the capillary level, is likely the operative mechanism in hypertensive
encephalopathy.
MATERIALS & METHODS
A 57-year-old female with a long-standing history of multiple sclerosis (MS) was evaluated initially at an outside hospital for double vision and speech perseveration. She was
started on steroids for presumed MS exacerbation. She subsequently deteriorated, and later awoke unable to talk. She
was taken to our emergency department at this time with
altered mental status and visual changes. Blood pressure at
this time was 159/105. Acute renal insufficiency (creatinine
2.2) was also apparent at presentation.The patient had no
antecedent history of hypertension or renal insufficiency.
Hypertensive encephalopathy was suggested on initial MR
imaging. The patient was transferred to the neurointensive
care unit, and placed on a Nicardipine drip when oral medications failed to treat her hypertensive crisis. Two days later,
her vision changes and mental status had improved significantly.
RESULTS
MR imaging showed confluent foci of subcortical T2 signal
prolongation and mild mass effect in the bilateral occipital
white matter. No abnormal enhancement was appreciated.
Diffusion-weighted imaging appeared normal; however,
review of ADC maps demonstrating increased signal in the
corresponding occipital white matter was noted.
Hypertensive encephalopathy was suggested based on these
findings. Dynamic contrast-enhanced perfusion MR imaging
was performed 4.5 hours later to further characterize these
abnormalities. Perfusion imaging showed localized delayed
time to bolus peak in both occipital lobes, and decreased relative cerebral blood volume in the same areas. Repeat
FLAIR imaging revealed new extensive increased signal in
the subarachnoid spaces diffusely, particularly over both
parietal and occipital lobes. Although the patients’ clinical
status was unchanged at this time, a head CT was performed
within 12 hours to alleviate concerns for possible subarachnoid hemorrhage, and was negative. Repeat MR imaging 49
hours following the contrast-enhanced perfusion MR imaging showed persisting extensive FLAIR hyperintensity in the
subarachnoid spaces, increased in extent since the prior
study. Bilateral occipital subcortical areas of T2 signal prolongation were improved mildly.

CONCLUSION
Pathophysiologic mechanisms in hypertensive encephalopathy remain incompletely understood. Recent MR perfusion
evidence points to hypoperfusion and capillary leakage due
to transient blood-brain barrier opening. Delayed cerebrospinal fluid enhancement is an uncommon finding,
reported with several different types of pathology known to
compromise integrity of the blood-brain barrier. Renal insufficiency also is seen commonly in such patients, as it results
in delayed plasma clearance of gadolinium. Recirculation
thus permits slow microvascular leakage with progressive
accumulation in the cerebrospinal fluid in entities which
compromise the blood-brain barrier.
KEY WORDS: Hypertensive encephalopathy, posterior
reversible encephalopathy, delayed subarachnoid space
enhancement
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10:30 AM – 11:15 AM
Room 14A
(5) ELC Lecture A: Voice Recognition
— Barton F. Branstetter IV, MD

Monday Morning
10:30 AM – 12:00 PM
Room 2
(6) ELC Workshop A: Introduction to
PowerPoint
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Monday Morning
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Room 14A
(7) ELC Lecture B: MRC
— Adam E. Flanders, MD
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Paper 50 Starting at 11:55 AM, Ending at 12:00 PM
Hypoperfusion and Delayed Subarachnoid Space
Enhancement in Hypertensive Encephalopathy:
Evidence for Slow Blood-Brain Barrier Leakage
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Monday Afternoon

Osteoporotic Compression Fractures: Epidemiology,
Imaging and Treatment Option Costs
Jeffrey G. Jarvik, MD, MPH

1:15 PM – 2:45 PM
Room 2
(8) ELC Workshop A: Introduction to
PowerPoint
— John L. Go, MD
— Barton F. Branstetter IV, MD

Monday Afternoon
1:15 PM – 2:45 PM
Ballroom 6ABCF
(9) Vertebroplasty and Kyphoplasty:
Outcomes Analysis and Overview of
Vertebral Augmentation Techniques
(ASSR)

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the epidemiology and natural history of osteoporotic compression fractures.
2) Discuss the published evidence for vertebroplasty and
kyphoplasty outcomes.
3) Discuss costs of vertebroplasty and kyphoplasty treatment.
PRESENTATION SUMMARY
Both public and private payors for health care are increasingly turning to evidence published in peer-reviewed medical literature to make reimbursement decisions. The Blue
Cross/Blue Shield Technology Assessment Group and the
Center for Medicare and Medicaid Services (CMS) both
went through a critical review of the evidence before arriving at coverage decisions for vertebroplasty and kyphoplasty. Understanding the epidemiology of osteoporotic compression fractures, the evidence for vertebroplasty and
kyphoplasty and the relative cost-effectiveness of these treatments will shed light on how these reimbursement decisions
were made and provide a guide for the basis of future coverage decisions.

Randomized Vertebroplasty Trials: Rationale and
Challenges
David F. Kallmes, MD

Osteoporotic Compression Fractures: Epidemiology,
Imaging and Treatment Option Costs
— Jeffrey G. Jarvik, MD, MPH
Randomized Vertebroplasty Trials: Rationale and
Challenges
— David F. Kallmes, MD
State of the Art in Vertebral Augmentation
— Joshua A. Hirsch, MD
Moderators:

Jeffrey G. Jarvik, MD, MPH
David J. Seidenwurm, MD

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Apply shortcomings of current literature regarding vertebroplasty.
2) Update the community on the status of current trials.
PRESENTATION SUMMARY
Vertebroplasty offers the potential for substantial pain relief for
osteoporotic patients suffering from vertebral compression fractures. Prior to the development of vertebroplasty, few good treatment options were available to such patients. However, even
though we are more than 10 years in to the era of vertebroplasty
in North America, there still has been no large, prospective, randomized clinical trial of the procedure to prove efficacy. Multiple
uncontrolled studies suggest outstanding treatment effect. A single, relatively small, unblinded randomized trial showed excellent benefit from the procedure. However, in this era when
Medicare is reimbursing tens of thousands of vertebroplasty procedures annually, it stands to reason that the highest level of evidence, that of a large, prospective, randomized, blinded trial,
would be of great importance. Indeed, there are numerous examples in the literature of accepted therapies that have been shown
to be of dubious efficacy when studied in randomized trials.
There are at least two large, prospective, blinded, randomized trials of percutaneous vertebroplasty currently underway. The current strength of evidence for vertebroplasty and he rationale and
status of current trials will be discussed.
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State of the Art in Vertebral Augmentation

Monday Afternoon
1:15 PM – 2:45 PM
Ballroom 6DE
(10) The Brain – Basis of Autism:
Recent Neurobiological and
Neuroimaging Research (ASPNR)
The Neurobiology of Autism

– An Overview
— Janet Lainhart, MD

Morphometric and Spectroscopic Imaging in
Autism
— Erin Bigler, PhD

PRESENTATION SUMMARY
Autism is a common disorder associated with lifelong
impairment. Multiple genes interact to cause the disorder.
The brain is abnormally large in some but not all children
with autism during post-natal development. Age-related
changes in brain volume in autism are complex and appear
to be abnormal from infancy into adulthood. Diffuse differences in total and regional gray and white matter volumes
are found. The volumetric abnormalities appear to follow
anomalous, complex, and non-uniform developmental
curves. Diffuse abnormalities of brain chemical concentrations, neural network anatomy, brain lateralization, intraand inter-hemispheric morphological and functional connectivity, and serotonin synthesis capacity are found.
Abnormalities of head and brain growth are first apparent
during infancy. Abnormalities of total brain volume, gray
and white matter volumes, brain chemistry, serotonin synthesis, and brain electrophysiology are evident by early
childhood. Currently, no method of brain imaging helps with
diagnosis or treatment of idiopathic autism. Collaborative
research involving neuroimaging, neuropathology, neuropsychology, neurophysiology, genetics, and epidemiology
is being assembled to allow major breakthroughs in the causes of and specific treatments for this disorder.

Diffusion Tensor Imaging and Functional MR
Imaging in Autism
— Andrew L. Alexander, PhD
Morphometric and Spectroscopic Imaging in Autism
Moderators:

Gary L. Hedlund, DO
Santiago Medina, MD

The Neurobiology of Autism - An Overview
Janet Lainhart, MD
Dr. Janet E. Lainhart is Associate Professor in the Clinical
Scholars program at the University of Utah. She completed
residencies in pediatrics and psychiatry at the Johns
Hopkins Hospital and was on the faculty there until moving
to the University of Utah in 1994. She is currently Director
of the University of Utah Autism Clinic, one of the Principal
Investigators of the neuroimaging component of the Utah
Autism Research Program, and faculty member of The Brain
Institute at the University of Utah and the neuroscience program. She has written scientific articles and chapters on the
clinical features of and neuroimaging findings in autism and
does collaborative neuroimaging research with Drs. Erin
Bigler and Andrew Alexander.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the diagnostic and associated clinical features of
autism.

Erin Bigler, PhD
Erin D. Bigler is currently a Professor of Psychology and
Neuroscience at Brigham Young University where he also
served as Chair of the Psychology Department for more than
6 years from 1996 through 2002. In addition, he is an
Adjunct Professor of Psychiatry and Radiology for the
University of Utah. He is a licensed psychologist, practicing
in the area of clinical neuropsychology, and holds a
Diplomate from the American Board of Professional
Psychology with special competence in clinical neuropsychology. Along with having written several neuropsychological texts, he has authored and/or edited 9 textbooks, and
published more than 310 peer-reviewed articles. He currently serves as Treasurer of the International
Neuropsychological Society and sits on the editorial board
of several neuropsychology journals. In 1999, he received
the Distinguished Clinical Neuropsychologist Award from
the National Academy of Neuropsychology and was also the
recipient of the Karl G. Maeser Distinguished Faculty
Lecturer Award, Brigham Young University’s top faculty
honor. From 1989-1990, he served as President of the
National Academy of Neuropsychology. He was formerly a
Professor of Psychology and Psychiatry for the University of
Texas, until he returned to Utah in 1990 to assume his current position at Brigham Young University.

Monday

Joshua A. Hirsch, MD

2) Describe the epidemiology of autism, including known
causes and risk factors.
3) Describe the state-of-the-art understanding of the developmental neuropathology of autism.
4) Discuss how neuroimaging has contributed to the understanding of abnormal brain development in autism.
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the clinical criteria for diagnosing autism.
2) Specify and update neuroimaging skills needed for standard volumetry.
3) Explain and update neuroimaging skills needed for voxelbased morphometry using methods of statistical parametric
mapping.
4) Summarize neuroimaging skills needed for magnetic resonance spectroscopy (MRS) interpretation and relationship
to structural imaging findings.
PRESENTATION SUMMARY
The underlying neuropathology of autism is unknown.
Standard clinical neuroimaging in subjects with autism is
typically negative and no specific neuroimaging abnormality is diagnostic of the disorder. Nonetheless, recent MR
imaging studies have utilized quantitative methods to examine brain morphometry and biochemistry based on MR spectroscopy (MRS) in an attempt to identify abnormalities that
may be unique to autism. Much of this work has concentrated on early brain overgrowth, which has been shown to
occur in autism. Several studies have shown that children
who are later diagnosed with autism actually have normal
head/brain size at birth, but an overgrowth occurs in infancy
such that the rate of occipitofrontal head circumference identified macrocephaly occurs in one-fifth or more of those
diagnosed with the disorder as children. Several studies have
implicated developmental white matter abnormalities in subjects with autism as compared to typical developing individuals, implicating problems with “connectivity” in autism.
Methods for image quantification in autism will be
reviewed, including standard region of interest (ROI) volumetry, voxel-based morphometry and MRS, with a focus on
frontotemporolimbic pathology. Of particular interest in
these studies are findings within brain structures that participate in social cognition, language, and executive function
that may define the core features of this disorder.

Diffusion Tensor Imaging and Functional MR Imaging in
Autism
Andrew L. Alexander, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Describe hypotheses related to abnormalities in brain connectivity in autism.
2) Review DTI and fMRI studies of brain circuitry in autism.
3) Discuss advances in MR imaging (diffusion tensor imaging and fMRI) that may be used to study brain connectivity
in autism.
PRESENTATION SUMMARY
The neural circuitry in autism is highly affected, yet poorly
understood. Recently, investigators have hypothesized that
problems in autism are caused by poor connectivity between
brain regions. This is consistent with the observation that
individuals with autism often have difficulties integrating
complex or multiple sources of information. Abnormalities
in both white matter (WM) and gray matter (GM) have been

reported in autism. Recent morphological studies of WM in
young boys found an excess volume of subcortical shortrange WM tracts in autism, whereas there were no significant differences in the volumes of deep, long-range WM
tracts. This observation is also consistent with an increased
density of cortical minicolumns, which also provides supporting evidence of increased short-range connections relative to long-range ones. Other investigators have found an
imbalance of cortical neurons in frontal GM relative to posterior regions, which may lead to problems with information
integration. MR imaging is a promising non-invasive modality for investigating abnormalities in brain connectivity and
its effect on brain circuitry. More specifically diffusion tensor imaging may be used to investigate subtle differences in
the microstructural architecture of WM. Further, functional
MR imaging may be used to map differences in brain circuitry and functional connectivity. To date, only a single
study of DT imaging in autism has been reported (BarneaGoraly 2004). DT imaging data from a relatively small number of subjects (7 autism, 9 controls) were spatially normalized and a voxelwise analysis showed reduced anisotropy in
diffuse brain regions (predominately frontal and superior
temporal). Recent studies by our group (unpublished)
revealed significantly increased volume, reduced diffusion
anisotropy and increased mean diffusivity of the corpus callosum in subjects with autism (43 autism, 32 controls). A
closer analysis revealed that the medium and minor eigenvalues were increased in autism, whereas the major eigenvalue was unaffected. This is consistent with microstructural changes in the direction perpendicular to the WM tracts.
These studies provide additional evidence that WM in
autism is affected. Functional MR imaging has been widely
used to study neural circuitry in autism in a broad range of
tasks including motor function, working memory, language,
mentalizing (also called theory of mind or social brain), and
face processing (see Lainhart 2005 for review). Finally, several studies have found reduced or altered functional connectivity patterns associated with visuomotor (Villalobos
2005), sentence comprehension (Just 2004), working memory (Koshino 2005), and face processing (Kelley submitted).
In this presentation, the methodologies and results of these
studies will be reviewed and summarized.
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Monday Afternoon

1:15 PM – 2:45 PM
Room 15AB

3:15 PM – 4:45 PM
Room 15AB

(11) ASNR Business Center
Programming: Radiology Marketing,
Branding and Promotion (Part I)

(13) ASNR Business Center
Programming: Radiology Marketing,
Branding and Promotion (Part II)

Welcome and Introduction to the ASNR Business
Center
— Gregory L. Katzman, MD, MBA

Marketing, Branding and Promoting a Diagnostic
Imaging Practice: Part II
— Jonathan Breslau, MD
— Frank J. Lexa, VII, MD, MBA

Marketing, Branding and Promoting a Diagnostic
Imaging Practice: Part I
— Frank J. Lexa, VII, MD, MBA

Note: Pre-registration is required.

Note: Pre-registration is required.

Monday Afternoon
Monday Afternoon
3:15 PM – 4:45 PM
Room 2
(12) ELC Workshop B: Introduction to
Web Design
— Richard H. Wiggins, III, MD

3:15 PM – 4:45 PM
Ballroom 6ABCF
(14a) ADULT BRAIN: Applications to
Diseases
(Scientific Papers 51 – 61)
See also Parallel Sessions
(14b) PEDIATRICS: Pediatric Spine
(14c) PEDIATRICS: Developmental/Congenital
Malformations
(14d) SPINE: Neoplasms, Spinal Injections/
Vertebroplasty
Moderators:

Michael A. Kraut, MD
Jeffrey R. Petrella, MD

Monday

Monday Afternoon

monday.qxp

3/9/2006

10:54 AM

Page 36

Monday

36
Paper 51 Starting at 3:15 PM, Ending at 3:23 PM
Evidence for Primary Hypoperfusion in Multiple
Sclerosis: Correlation of Diffusion Tensor and Dynamic
Perfusion MR Imaging Metrics in Normal-Appearing
Corpus Callosum
Saindane, A. M. · Law, M. · Ge, Y. · Babb, J. · Johnson, G. ·
Grossman, R. I.

CONCLUSION
In areas of normal-appearing corpus callosum of RR-MS
patients, decreasing perfusion is correlated with decreasing
MD, and is not correlated significantly with FA. These findings support the concept of primary ischemia in MS rather
than secondary hypoperfusion due to wallerian degeneration,
where decreased perfusion would be expected to correlate
with increased MD and decreased FA.

New York University
New York, NY

KEY WORDS: Multiple sclerosis, diffusion tensor imaging,
perfusion

PURPOSE
The normal-appearing white matter (NAWM) of multiple
sclerosis (MS) patients demonstrates significantly decreased
perfusion compared to controls. The basis for this hypoperfusion is unknown, and may be related to primary ischemia
or secondary to decreased metabolic demand from wallerian
degeneration of axons damaged in distant lesions. Diffusion
tensor imaging (DTI) has been used to study such processes
affecting the white matter microstructure. This study was
performed to evaluate the relationship between perfusion
and diffusion changes in the corpus callosum of patients with
relapsing-remitting MS (RR-MS), with the hypothesis that
correlating findings of decreased perfusion with specific
DTI findings may provide support for primary hypoperfusion in MS.

Paper 52 Starting at 3:23 PM, Ending at 3:31 PM
Abnormalities of Deep Gray Matter Perfusion in
Multiple Sclerosis: Dynamic Susceptibility Contrast
Perfusion MR Imaging at 3.0 T

MATERIALS & METHODS
Fourteen RR-MS patients and 17 age-matched controls each
underwent conventional MR imaging at 1.5 T, dynamic susceptibility contrast-enhanced perfusion MR imaging (DSCMRI), and DTI within the same imaging session. For DSCMRI, gradient-echo echo-planar MR images were acquired
during the first pass of a standard dose bolus of gadopentetate dimeglumine. Absolute cerebral blood volume (CBV),
cerebral blood flow (CBF), and mean transit time (MTT)
were calculated using an automated method for determining
the arterial input function. Diffusion tensor imaging data
were acquired with a pulsed gradient, double spin-echo,
echo-planar technique in six directions. Mean diffusivity
(MD) and fractional anisotropy (FA) maps were computed
from these measures for each voxel. After visual coregistration of perfusion and DTI images, two regions of interest
(ROIs) were placed in the central body and in bilateral areas
of genu and splenium of normal-appearing areas of corpus
callosum. This generated measures of FA, MD, CBV, CBF,
and MTT for each of the ROIs. Pearson-product-moment
correlation coefficients (r) were calculated using mean diffusion and perfusion measures in each region.
RESULTS
Across all regions of the RR-MS group, mean MD was 0.813
(SD = 0.064), mean FA was 0.736 (SD = 0.091), and mean
CBF was 16.7 ml/100g/min (SD = 6.2). Across all regions of
the control group, mean MD was 0.770 (SD = 0.082), mean
FA was 0.601 (SD = 0.149), and mean CBF was 52.6 ml/100
g/min (SD = 17.1). In the RR-MS group, CBF was correlated significantly with MD in the splenium (r = 0.83; P <
0.0001) and in the central body (r = 0.86; P < 0.0001), but
not in the genu (r = 0.23; P = N.S.). No significant correlations were found between CBF and FA in the RR-MS group
(r = -0.24 to 0.28), and no significant correlations between
diffusion and perfusion metrics were found in any of the
regions of corpus callosum of controls.

Inglese, M. · Park, S. · Johnson, G. · Babb, J. S. · Jaggi, H. ·
Herbert, J. · Grossman, R. I.
New York University
New York, NY
PURPOSE
Hemodynamic changes in multiple sclerosis (MS) long have
been acknowledged and advances in perfusion MR imaging
have allowed for examinations of these changes. Recent
studies have shown decreased perfusion in lesions as well as
normal appearing white matter in patients with relapsingremitting MS (RR-MS). However, perfusion in primary-progressive MS (PP-MS) has yet to be explored. PP-MS often is
neglected in clinical trials of disease-modifying agents due
to a relative lower rate of new T2 lesions formation and
lower amount of inflammatory lesions compared to RR-MS.
As a consequence, no treatments are available currently for
PP-MS patients. Perfusion imaging might provide in vivo
surrogate markers for a more effective monitoring of PP-MS
progression. The aim of this study was to assess the extent of
perfusion abnormalities in the deep gray matter of PP-MS
patients in comparison to RR-MS patients and healthy controls.
MATERIALS & METHODS
Eleven patients with PP-MS, 11 patients with RR-MS, and
nine healthy controls underwent the following MR imaging
protocol on a 3.0 T imaging unit: axial pre and postcontrast
T1-weighted, fluid attenuated inversion recovery, T2weighted images and dynamic susceptibility contrast (DSC)
enhanced T2*-weighted sequences. In each subject, cerebral
blood flow (CBF), cerebral blood volume (CBV), and mean
transit time (MTT) were measured using regions of interest
(ROI) analysis. Measurements were taken bilaterally in corresponding areas of normal appearing thalamus and lenticular nuclei in all subjects. Least-squares regression analysis
was used to compare perfusion measures in each region after
adjusting for age, gender, and disease duration.
RESULTS
Cerebral blood flow in the thalamus and lenticular nuclei
were found to have significant differences among the three
subject groups (p < 0.0029) when adjusted for age, gender,
and region, with or without adjustment for disease duration.
Cerebral blood flow was reduced in both PP-MS and RR-MS
patients compared to controls and CBF was reduced significantly in PP-MS compared to RR-MS. Similarly, CBV in the
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CONCLUSION
Perfusion measurements showed significant differences in
CBF and CBV in the deep gray matter of our PP-MS and
RR-MS patients compared to controls. Furthermore, statistically significant differences in CBF and CBV were observed
between PP-MS and RR-MS patients, suggesting a more
severe vascular involvement in the pathogenesis of the former. Dynamic susceptibility contrast perfusion imaging
might provide a useful in vivo marker for monitoring disease
progression in PP-MS.
KEY WORDS: Multiple sclerosis, deep gray matter, dynamic
susceptibility contrast PMR imaging
Paper 53 Starting at 3:31 PM, Ending at 3:39 PM
Bayesian Morphometry Predicts Minimal Cognitive
Impairment
Herskovits, E. H. · Chen, R.
University of Pennsylvania
Philadelphia, PA
PURPOSE
To determine, using a Bayesian morphometry algorithm,
whether regional atrophy predicts the presence of minimal
cognitive impairment (MCI).
MATERIALS & METHODS
(1) Subjects; MR acquisition. Eighty-three elderly righthanded, English-speaking adults were recruited from the
registry of Washington University Alzheimer’s Disease
Research Center. There were 33 MCI subjects and 50 normal
controls (NC). There were no significant differences
between groups with respect to age, sex, education, or mini
mental status examination. T1-weighted structural MPRAGE (TR = 9.7 msec, TE = 4 msec, flip angle = 10, TI =
20 msec, TD = 200 msec) scans were acquired from a
Siemens 1.5 T Vision system (Erlangen, Germany). Pixel
size was 1×1 mm and slice thickness was 1.25 mm. (2)
Image preprocessing. We used the brain-extraction tool BET
(Image Analysis Group, FMRIB, Oxford, UK) for skull
stripping, then manually edited the extracted brain to remove
residual nonbrain voxels. We then segmented the image volume into gray matter (GM), white matter (WM), and cerebrospinal fluid (CSF) using a fuzzy c-mean algorithm with
intensity nonuniformity correction. Finally, we, registered
the volume to the MNI template using the HAMMER registration algorithm. (3) RAVENS analysis. We used RAVENS
analysis to obtain volumetric information. We normalized
voxel intensities to a subject’s total brain volume, and
smoothed the RAVENS map using a Gaussian kernel with 9
mm-FWHM. (4) Discretization. For each voxel X, we modeled the voxel intensity of subjects in the NC group as a
Gaussian distribution N(µ, σ); estimated µ and σ; and then
found a threshold T such that P(X < T) = α, where α = 0.1.
For all subjects, for any voxel below this threshold, we

labeled it as 1 (atrophy); otherwise, we labeled it as 0 (normal). The output of discretization consists of difference
maps DGM and DWM, representing GM and WM voxelwise volumetric differences between a subject and the template. (5) Morphological analysis. We applied our Bayesian
morphometry algorithm, GAMMA, to the difference maps
of all subjects. GAMMA generates a list of clusters whose
voxels’ morphologies best separate the experimental groups.
We can use the Bayesian model generated by GAMMA to
classify new images.
RESULTS
Applying GAMMA to GM voxels resulted in three clusters:
Cluster 1 is centered on the right amygdala, hippocampus,
and temporal lobe; Cluster 2 is centered on the left amygdale; and Cluster 3 is centered on the right hippocampus and
parahippocampal gyrus, and on the left hippocampus. All but
1 MCI subject had atrophy of at least 1 of the 3 clusters,
whereas only 6 of the NC subjects had any atrophy, with
only 1 NC subject having atrophy in all three clusters.
Combining information from the three clusters, the predictive accuracy of the model generated by GAMMA for MCI
is 0.92, based on leave-one-out cross-validation.
CONCLUSION
We have developed a Bayesian model of regional atrophy in
MCI; the locations of atrophy correspond to previously
described findings in the MCI/Alzheimer literature, and our
Bayesian model classifies new cases with high accuracy,
based on leave-one-out cross-validation.
KEY WORDS: Minimal cognitive impairment, Bayesian
analysis, morphometry
Paper 54 Starting at 3:39 PM, Ending at 3:47 PM
Quantitative MR Perfusion Measurements Can Detect
Age-Dependent Decrease in Cerebral Blood Flow: A
Cohort Patient Study Compared to Published PET Data
Walker, M. T.1 · Shin, W.2 · Hopkins, J.1 · Cashen, T.2 ·
Carroll, T.2
1

Feinberg School of Medicine, Chicago, IL, 2Northwestern
University, Chicago, IL

PURPOSE
There is growing interest in the quantification of cerebral
blood flow (qCBF) using MR imaging. The American Heart
Association, American Stroke Association, and ISMRM
have targeted MR qCBFas a key component for understanding the pathophysiology of CNS diseases including
Alzheimer’s disease. Recently an MR imaging protocol has
been developed which has shown promise in the quantification of CBF in humans (1). We hypothesized that the subtle
changes in CBF over time in humans could be detected with
MR qCBF. As an indirect means of validation, we compared
the age dependence changes of MR qCBF measurements to
previously published PET results (2).
MATERIALS & METHODS
A series of 28 consecutive patients scheduled for follow-up
MR perfusion exams to rule out tumor recurrence (male: 9,
female: 19, mean age = 51.9 ± 15.9 years) were included.
MR perfusion was performed (gradient-echo single-shot EPI
sequence: FOV= 220 × 220 mm, slice thickness = 5 mm, 13
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thalamus and lenticular nuclei were found to be significantly different in the three patient groups (p < 0.0046). Cerebral
blood volume was reduced in PP-MS and RR-MS compared
to controls and CBV was reduced significantly in PP-MS
compared to RR-MS. No significant differences were found
in MTT in the thalamus or lenticular nuclei when comparing
the three patient groups.
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slices, TR/TE = 1500/46 ms, 50 number of measurement)
and combined with a measurement of T1 called the Bookend
Technique (single slice, multiphase, inversion recovery
TrueFISP) (1). Total scan time was approximately 2:30 seconds. Images were postprocessed to produce qCBF, including a correction for water exchange effects (3). Regions of
interest (ROIs) were placed within normal white matter and
gray matter using a technique developed to obtain standard
reference values in cases of suspected tumors (4). Gray matter ROIs were placed in the putamen, which has been shown
to be less susceptible to partial volume averaging compared
to cortical gray matter. White and gray matter ROI values
were analyzed separately as a function of patient age. A
recursion analysis was performed to determine any age
dependence, and tabulated PET results (2) were recorded and
subject to the same analysis.
RESULTS
Mean values of qCBF were 28.2 +/- 7.6 ml/100 g-min and
54.9 +/- 8.7 ml/100 g-min for white and gray matter respectively, which is in agreement with PET values. The recursion
analysis showed a decline of 3.5 +/- 1.4 % and 2.4 +/- 1.4 %
per decade in white and gray matter respectively, which is
slightly lower than the 7.1 +/- 2.0% and 5.2 +/-2.2% per
decade decline observed in the PET data, but in agreement
within errors.
CONCLUSION
MR perfusion qCBF is accurate and sensitive to subtle age
dependent changes in a clinical population. Our age dependence is slightly less than the observed PET trend possibly
related to patient selection bias. Further study to assess normative data compared to PET is warranted. Potential clinical
applications include assessment of patients with mild cognitive impairment and Alzheimer’s disease.
REFERENCES
1.
2.
3.
4.

Sakaie, et al. JMRI 2005
Leenders, et al. Brain 1990
Shin, et al. ISMRM 2005
Cha, et al. AJNR Am J Neuroradiol 2005

KEY WORDS: Quantitative MR perfusion, Alzheimer’s disease
Paper 55 Starting at 3:47 PM, Ending at 3:55 PM
Postcontrast Imaging of the Brain at 3 T T1 FLAIR vs T1
Conventional Spin-Echo: Which Pulse Sequence Should
We Use?
Shapiro, M. D. · Hartker, R. · Ramnath, R. · Williams, D. ·
Magee, T. · Wasudev, N. · Lees, J.
Neuroskeletal Imaging of Winter Park
Winter Park, FL
PURPOSE
The purpose of this study was to determine whether T1
FLAIR (T1FL) is superior, equal, or inferior to T1 conventional spin-echo (T1CSE) in the detection of enhancing
lesions on postcontrast 3 T MR scans.
MATERIALS & METHODS
One hundred consecutive patients who had contrastenhanced MR scans of the brain were scanned on a GE 3 T

Excite HD MR system with both T1 FLAIR and T1 conventional spin-echo pulse sequences (in addition to other routine
pulse sequences) after intravenous injection of gadolinium
DTPA (1 millimole/kilogram). Fifty scans were performed
with T1 FL as the first postcontrast T1-weighted pulse
sequence and 50 patients were scanned performing T1 CSE
as the initial T1-weighted sequence after contrast. The number and conspicuity (scale 1-3) of enhancing lesions were
reviewed prospectively independently by either 2 neuroradiologists or one neuroradiologist and one MR imaging radiologist. Due to the disparity in appearance between T1 FL and
T1 CSE at 3 T, the readers were not blinded to which T1
pulse sequence they were interpreting.
RESULTS
There were 96 enhancing lesions on the T1 CSE pulse
sequences. Ninety-one enhancing lesions were identified on
the T1 FL pulse sequence. One enhancing lesion (small
venous angioma) was missed on the T1CSE sequence perfomed as initial sequence after contrast. Lesions missed on
the T1FL included active MS plaques (3), small metastasis
(2) and one small capillary telangectasia. The conspicuity of
contrast enhancement was improved for both T1-weighted
pulse sequences when performed as the second postinjection
(approximately 5 min delay) T1-weighted sequence.
Comclusion
1) Based on this study, A T1 conventional spin-echo pulse
sequence should be performed in at least imaging plane following contrast ehancement on MR scans of the brain performed at 3 T. 2) T1 CSE may miss some small lesions if T1
CSE is performed as the initial T1 pulse sequence after
gadolinium injection. 3) At 3 T, gray/white matter differentiation is better delineated. 4) The conspicuity of contrast
enhancement was improved for both T1-weighted pulse
sequences when obtained as the second postinjection(
approximately 5 min delay) T1-weighted sequence.
KEY WORDS: 3 T brain, contrast enhancement, T1 FLAIR
Paper 56 Starting at 3:55 PM, Ending at 4:03 PM
Congenital Disorder of Glycosylation Type Ia:
Conventional MR Imaging, Diffusion-Weighted Imaging,
and MR Spectroscopy Findings
Rossi, A. · Di Rocco, M. · Biancheri, R. · Allegri, A. E. ·
Gandolfo, C. · Morana, G. · Tortori-Donati, P.
G. Gaslini Children’s Research Hospital
Genoa, ITALY
PURPOSE
Congenital disorders of glycosylation (CDG), formerly
called carbohydrate-deficient glycoprotein syndromes, are a
newly delineated group of inherited multisystem disorders
characterized by defective glycoprotein biosynthesis. The
clinical phenotype is dominated by severe psychomotor and
mental retardation. Based on the isoelectric focusing of
serum transferrin patterns and the clinical symptoms, several forms of CDG have been classified. The most common
form, CDG Ia, is caused by phosphomannomutase (PMM)-2
deficiency. The objective of this work is to describe the conventional MR imaging, diffusion-weighted imaging (DWI),
and MR spectroscopy (MRS) features of CDG type Ia.
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RESULTS
Four patients had a markedly shrunken cerebellum and a
small pons; in one patient, the cerebellum was normal at
presentation and interval development of cerebellar atrophy
was seen. Hyperintensity of the cerebellar cortex on long
repetition time images was detected in two cases. Diffusionweighted imaging showed increased ADC values at level of
the abnormal cerebellar cortex. MR spectroscopy showed
increased myo-inositol and reduced N-acetylaspartate concentrations in two cases, associated with a glutamine/glutamate complex at 3.75 ppm and increased scyllo-inositol concentration in one case.

CONCLUSION
Progressive pontocerebellar atrophy (not hypoplasia) is the
most characteristic finding of CDG type Ia. However, the
cerebellum can be normal at presentation in patients with
genetically proven disease. Hyperintensity of the cerebellar
cortex on long repetition time images in the setting of cerebellar atrophy, once believed to be a distinctive feature of
infantile neuroaxonal dystrophy and recently described in
other entities including mitochondrial respiratory chain
defects and Marinesco-Sjögren disease, is also found in
CDG type Ia. Diffusion-weighted imaging and MRS could
provide additional clues to the diagnosis in patients with otherwise unexplained cerebellar atrophy.
KEY WORDS: Congenital disorder of glycosylation, cerebellar atrophy, carbohydrate deficient glycoprotein

Paper 57 Starting at 4:03 PM, Ending at 4:11 PM
Patterns
of
Restricted
Diffusion
in
Adrenoleukodystrophy after Bone Marrow Transplant
Yonke, B. D. · Kieffer, S. · McKinney, A. · Krenzel, C. ·
Charnas, L.
University of Minnesota
Minneapolis, MN
PURPOSE
Patients who received Hematopoietic Stem Cell
Transplantation (HSCT) for x-linked Adrenoleukodystrophy
(ALD) often were observed to develop new, persistent
restricted diffusion in regions of previous contrast enhancement. The purpose was to identify patterns of restricted diffusion in patients after HSCT, and assess clinical outcomes.
MATERIALS & METHODS
Eleven patients total who underwent HSCT since 1991 were
included, having at least one pretransplant and two posttransplant brain MR imaging examinations with diffusionweighted sequences. Attenuated diffusion coefficient (ADC)
values were calculated at the leading edge of the involved
white matter, and evaluated over time.
RESULTS
Six of the 11 patients demonstrated a pattern of decreasing
ADC values along the leading edge which subsequently
increased to near-baseline levels over time, with a mean time
of 274 days (SD ± 251) to return to within 0.1 x 10-3
mm2/sec of pretransplant ADC values. The average time
from HSCT to lowest ADC values (nadir) in this subset was
118 (SD ± 110) days from transplant. Of these six patients,
one had graft failure leading to a poor clinical outcome. Of
the remaining five patients, four out of five demonstrated
clinical arrest of their disease, with progression in one. Four
of the 11 demonstrated no discernible pattern of increasing
or decreasing ADC measurements, while one of the 11
demonstrated a progressive decline in ADC values over 105
days, clinically correlating with rapid disease progression.
Eight of the 11 patients had resolution of the leading edge of
contrast enhancement in the involved white matter (mean 74
days, SD ± 57 days).
Patient Data Based on Patterns of Restricted Diffusion\
Pattern of Restricted
Number of
Age
Transplant
Primarly Frontal Primarly ParietoRestricted Diffusion
Patients
Range
Date
Lobe Disease
occipital Disease
New Restricted Diffusion,
6
5-14
2001-2003
0
6
Diffusion Which Resolves
Over Time
Random ADC Values
Progressive Decline
in ADC Values

4
1

5-11
8

1998-2002
2004

3
1

0
0
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MATERIALS & METHODS
We studied five children with proven CDG type Ia. Four
patients presented in early infancy (between 3 and 7 months)
with a special physionomy and neurologic problems including psychomotor retardation, ataxia, hypotonia, abnormal
eye movements, and failure to thrive. The fifth patient (the
10-year-old brother of one of the former) had a long-standing history of epileptic encephalopathy. All patients had
increased serum sialotransferrin. Deficient PPM-2 activity
was measured in fibroblasts obtained from skin biopsy.
Molecular genetic tests revealed compound heterozygosis
for PMM-2 mutations. All patients underwent conventional
MR imaging studies. Diffusion-weighted imaging and shortecho-time MRS (localized in the right cerebellar hemisphere) were performed in two cases.
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were excluded based on further clinical history, follow-up
imaging, or progression of abnormalities that were not consistent with PRES. Sixteen of the 73 included did not have
follow-up imaging, but clinical correlation, initial MR imaging, and subsequent improvement were consistent with
PRES. Of the 73 cases included in this study, the most common etiologies were cyclosporine (n = ), severe hypertension
( n = 15), eclampsia (n = 5), cocaine/methamphetamine (n =
3), FK506 (n = 2), lupus (n = 2), with the remainder of cases
due to tacrolimus, steroids, hemolytic uremic syndrome,
thrombotic thrombocytopenic purpura, adriamycin, PEGasparaginase and anaphalaxis (all n = 1), and not otherwise
specified (NOS, n = 3). Standard imaging sequences included precontrast axial FLAIR, T1, T2, and diffusion-weighted
images with postcontrast coronal T1-weighted and FLAIR
images.

CONCLUSION
Preliminary data demonstrate a pattern of new leading edge
restricted diffusion after HSCT for ALD, which gradually
resolves within a matter of months. Preliminary data suggest
that this pattern may portend a favorable clinical outcome,
and may represent a means to evaluate in vivo the response
to HSCT.
KEY WORDS: Adrenoleukodystrophy, bone marrow transplant, restricted diffusion
Paper 58 Starting at 4:11 PM, Ending at 4:19 PM
Large Series of Posterior Reversible Encephalopathy
Syndrome: Incidence of Regions of Involvement and
Atypical Imaging Abnormalities
McKinney, A. M.1 · Short, J.1 · McKinney, Z.1 · Teksam, M.2
1
University of Minnesota, Minneapolis, MN, 2Bashkent
University School of Medicine, Ankara, TURKEY

PURPOSE
Posterior reversible encephalopathy syndrome (PRES) represents a primarily cortical/subcortical abnormality, and can
result from a variety of different etiologies. Although the
characteristic distribution of edema has been well described
with a posterior predominance most commonly in the parieto-occipital region, multifocal regions of involvement have
been described throughout the supratentorial and infratentorial brain. This study is performed to examine the incidence
of involvement in the various regions of the brain, and of the
incidence of the less common manifestations such as hemorrhage, restricted diffusion, and abnormal contrast enhancement.
MATERIALS & METHODS
One hundred and one cases were reviewed retrospectively,
with permission of an internial review board; in which each
case was suspected initially to represent PRES. Twenty-eight

RESULTS
The incidence of various regions of involvement was as follows: 71 of the 73 (97%) cases demonstrated parieto-occipital involvement, followed by the posterior frontal (premotor
and precentral region, n = 54, 74%), temporal (n = 53, 73%),
basal ganglia/thalamus (n = 22, 30%), cerebellum (n = 19,
26%), and the brainstem (n = 18, 25%). The deep white matter was involved in 22 cases (30%), but was involved only
with simultaneous findings in the subcortical white matter.
The incidence of the less common/atypical manifestations of
PRES were as follows: contrast enhancement (patchy cortical or leptomeningeal, n = 21 of the 67 given contrast, 31%),
foci of restricted diffusion (n = 15, 21%), patchy areas of T2
shine through (n = 16, 23%), and intracranial hemorrhage
(usually subarachnoid detected on FLAIR, n = 11, 15%).
Two cases had overwhelmingly unilateral involvement, simulating neoplasm, infarction, or infectious etiology, which
resolved on follow-up imaging. Coexisting abnormalities
that may have confounded interpretation included parenchymal hemorrhage, and abnormalities in the deep white matter
of vasculopathic, chemotherapy-related origin, and leukodystrophies.
CONCLUSION
This is likely the largest known case series to date evaluating
PRES with this array of MR imaging sequences, demonstrating the likelihood of cortical/subcortical edema in various distributions, and the relative incidence of the less common manifestations of PRES. Certain reversible disorders
can occasionally mimic/overlap PRES, particularly lupusrelated vasculitis and chemotherapy-related findings in the
subcortical and deep white matter. Since this study demonstrates that frontal, basal ganglia, brainstem, and cerebellar
involvement are more prevalent in PRES than commonly
perceived, this syndrome may be better termed multifocal
reversible encephalopathy syndrome (MRES), as the term
PRES may be somewhat misleading and the anterior circulation is involved also in a majority of cases.
KEY WORDS: PRES, reversible encephalopathy, MR imaging
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Caulo, M.1 · Briganti, C.1 · Tartaro, A.1 · Colosimo, C.2
1

University of Chieti, Chieti, ITALY, 2Catholic University,
Rome, ITALY
PURPOSE
The hand motor area of the primary motor cortex has been
described, using CT and MR imaging, as having an inverted
“omega” or horizontal “epsilon” shape in the axial plane and
a posterior oriented “hook” shape in the sagittal plane. The
present study aims to refine the morphological classification
of the anatomical variants of the hand motor area in the axial
plane using a large sample population.
MATERIALS & METHODS
Structural high-resolution MR imaging of the brain were
obtained from 240 right-handed young healthy subjects via a
3D MPRAGE sequence. The entire scan volume of each
brain was transformed into Talairach space. Then the motor
cortex of the hand was localized using Talairach coordinates
(x 36, y -27, z 50). The morphology of the hand motor area
on the axial plane was described using already known morphologies and by looking for new variants.
RESULTS
We observed two new anatomical variants of the hand motor
cortex that we called “asymmetric epsilon” and “null” (Fig
1). The frequency distribution of the four different morphologies of the hand motor area in the 480 hemispheres
was: “omega” in 405 hemispheres (85%), “epsilon” in 44
hemispheres (9%), “asymmetric epsilon” in 26 (5%), and
“null” in 5 (1%). No statistically significant differences in
frequencies of the different morphologies were observed
between hemispheres and gender.

Figure 1. The four (two known and two new) anatomical
variants of the hand motor area of the cerebral cortex.

CONCLUSION
Our review of the morphological classification of the hand
motor area of the cerebral cortex permitted us to describe
two new anatomical variants which we called “asymmetric
epsilon” and “null”. The “asymmetric epsilon” differs from
the classical “epsilon” due to a more lateral or medial position of a third fissure placed between the two other fissures
forming an inverted “omega”. The “null” variant is due to
the absence of the middle genu of the central sulcus. Since
the motor hand area is a reliable landmark for identifying the
precentral gyrus (primary motor cortex) in normal and
pathologic conditions, a detailed knowledge of all its morphological variants is extremely important.
KEY WORDS: Hand motor cortex
Paper 60 Starting at 4:27 PM, Ending at 4:35 PM
Comparing Susceptibility-Weighted Imaging with
Gradient-Echo Imaging for Determination of
Intracranial Lesions with Susceptibility
Papadaki, E. Z. · Nguyen, V. · Law, M. · Ge, Y. · Xu, J. · Xu,
Y. · Haacke, M. E.
New York University Medical Center
New York, NY
PURPOSE
Determination of the presence of intracranial lesions with
susceptibility (e.g., blood products or calcifications) is
important for a number of pathologies. The purpose of this
study is to compare susceptibility-weighted imaging (SWI)
with routine gradient-echo imaging (GRE) in demonstrating
intracranial lesions with susceptibility.
MATERIALS & METHODS
Susceptibility-weighted imaging was performed on clinical
1.5 T scanners based on a 3-dimensional gradient-echo
sequence (GRE) with first order flow compensation in all 3
orthogonal directions (TR/TE/flip angle: 55/40/20). With
SWI, thirty-eight 2 mm slices with pixel size of 0.45 x 0.45
mm2 were obtained less than 4 minutes using iPAT (GRAPPA, iPat factor of 2). Contiguous 6 mm thick images were
generated using minimum intensity projection (MIP) over
three sections of SWI. In addition, conventional GRE imaging (TR = 1020, TE = 30, FA = 30) with 5 mm thickness was
performed also for comparison. A total of 19 patients with
variable intracranial lesions (3 cavernomas, 6 primary brain
tumors, 4 metastases,1 demyelinating disease, 3 postoperative, 2 infarcts ) and six normal subjects were imaged. Three
observers rated the images for the conspicuity and definition
of the blood products, calcifications, lesions, or the anatomical conspicuity of the vessels, basal ganglia, brainstem, and
gray-white matter junction, based on a three-point scale
varying from well defined (graded as 3), seen (graded as 2),
or poorly defined (graded as 1), and also, for the amount of
geometric distortion and motion artifacts determined as
absent (1), present (2), or severe (1).
RESULTS
Susceptibility-weighted imaging demonstrated higher conspicuity in demonstrating the blood products, calcifications,
and lesions, as well as the vessels, basal ganglia, and brainstem compared with GRE (p < 0.001), while GRE was better in differentiating the gray-white matter junction (p <
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Radiologic Anatomy of the Hand Motor Cortex Using
MR Imaging: New Landmarks
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0.001). Future use of the SWI filtered phase images may lead
to improved contrast in gray/white matter junctions. There
was no significant difference between the two sequences for
the presence of geometric distortion, while SWI suffered
from more motion artifacts (p = 0.02) (Table 1).
Table 1. Mean grading values and t-test analysis for the comparison between SWI and GRE sequences.
SWI
Mean values
CONSPICUITY
Blood products-calcifications
Lesions
Vessels
Basal ganglia
Brainstem
Gray-white matter junction
GEOMETRIC DISTORTION
MOTION ARTIFACTS

3.00
2.92
2.75
2.65
2.65
1.00
2.00
1.73

GRE
Mean values
1.57
1.57
1.05
1.10
1.10
2.95
2.15
1.47

p
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.08
0.02

CONCLUSION
Susceptibility-weighted imaging is superior to GRE imaging
for the delineation of blood products or calcifications in
gliomas, vascular lesions, metastatic disease, infarction, and
postoperative brains. Intracranial vessels, particularly veins,
as well as the basal ganglia, and the brainstem also are
demonstrated better with SWI. We recommend replacing the
GRE sequence with SWI in clinical practice for characterizing primary, secondary brain tumors, vascular malformations, and ischemic disease.
KEY WORDS: Susceptibility-weighted imaging, gradientecho imaging, intracranial lesions

ml saline flush. Observers rated the images for the conspicuity and definition based on a three-point scale varying from
well defined (graded as 3), seen (graded as 2), or poorly
defined (graded as 1), artifacts and geometric distortion
determined as absent (3), present (2), or severe (1).
RESULTS
Acceleration factors of 0, 2, and 3 resulted in a temporal resolution of 2.8 s, 1.7 s and 1.3 s, respectively. Best results
were obtained using an iPAT factor of 2, flip angle 25, and
bandwidth 900 with a temporal resolution of 1.7 s and a slice
thickness of 3 mm allowing coverage of the entire intracranial circulation. Images at iPAT 2 scored 36 points (out of
possible 48), images at iPAT 0, scored 31 and images at iPAT
3, scored 28. There was no significant difference when
measuring SNR between different iPAT factors. Moreover
there was significantly lower CNR using iPAT 3, compared
with iPAT 0 and 2.
Table 1. Comparing parameters for Time Resolved MRA at
different iPAT factors.
iPAT
TR ms
TE ms
BW Hz\pixel
TA s
Slice thickness mm
Flip Angle degre
FoV
Matrix
Voxel size mm

iPAT 0
3.3
1.1
400-900
4.0
3
20-25
167*250
128*192
1.3x1.3x3

iPAT 2
2.3
0.8
400-900
1.7
3
20-25
167*250
128*192
1.3x1.3x3

iPAT 3
2.3
0.8
400-900
1.3
3
25
167*250
128*192
1.3x1.3x3

Paper 61 Starting at 4:35 PM, Ending at 4:43 PM
3D Time-Resolved MR Angiography of the Intracranial
Circulation
with
Time-Resolved
Echo-Shared
Angiographic Technique Using Different iPAT Factors

CONCLUSION
Time-resolved MRA of the circle of Willis is best performed
with an iPAT factor of 2 in clinical practice for obtaining
arterial and venous information for primary, secondary brain
tumors, vascular malformations, and ischemic disease.

Gauvrit, J. Y.1,2 · Law, M.1 · Sunenshine, P.1 · Carson, R.1 · Xu,
J.3 · Chen, Q.1

KEY WORDS: MR angiography, time resolved, gadolinium

1

New York University Medical Center, New York, NY,
Hopital R Salengro, Lille, FRANCE, 3Siemens Medical
Solutions, Erlangen, GERMANY
2

PURPOSE
Time-resolved MR angiography (TR MRA) using parallel
imaging techniques is proving to have clinical utility. The
purpose of this study is to compare image quality, SNR,
CNR, temporal/spatial resolution using TR MRA of the
intracranial vessels with different integrated parallel acquisition technique (iPAT) factors.
MATERIALS & METHODS
Three-dimensional axial TR MRA using TREAT-VIBE (volumetric interpolated breath-hold examination) TR 2.3 ms;
TE 0.8 ms; flip angle 20-25; Bandwidth 400-900 Hz/pixel
were performed with different acceleration (iPAT) factors (0,
2, 3) at 1.5 T. Sixteen patients with a number of different
pathologies were studied: primary brain tumors (n = 6),
demyelinating disease (n = 2), postoperative (n = 5) and normal subjects (n = 3). The brain volume is covered by 36 partitions of 3 mm with iPAT factors of 0, 2, and 3. A bolus of 5
ml of gadopentate dimeglumine (Magnevist, Berlex
Laboratories) was administered at 3 ml/s followed by a 30
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3:15 PM – 4:45 PM
Ballroom 6DE
(14b) PEDIATRICS: Pediatric Spine
(Scientific Papers 62 – 74)
See also Parallel Sessions
(14a) ADULT BRAIN: Applications to Diseases
(14c) PEDIATRICS: Developmental/Congenital
Malformations
(14d) SPINE: Neoplasms, Spinal Injections/
Vertebroplasty
Moderators:

Jill V. Hunter, MD
V. Michelle Silvera, MD

CONCLUSION
Complete occipitalization is rare (only 1/28 in our series).
Incidence of atlanto-axial instability 61% (17/28), canal
stenosis 39% (11/28), basilar invagination 39% (11/28), and
Arnold Chiari I malformation 18% (5/28) was high. We recommend advance imaging of cervical spine to identify the
above risk factors. Also, 3D reformatted CT scans help to
reveal the morphologic pattern of occipitalization, which
may have management implications that need further validation.
KEY WORDS: Occipitalization
Paper 63 Starting at 3:23 PM, Ending at 3:31 PM
Dynamic Real-Time MR Imaging Examination of the
Cervical Spine Using the Neuro-Swing System
Schlamann, M. U. · Reischke, L. · Maderwald, S. · Kollia, K.
· Forsting, M. · Wanke, I.
University Hospital Essen
Essen, GERMANY

Paper 62 Starting at 3:15 PM, Ending at 3:23 PM
Occipitalization in Children: Correlation of
Radiographic, Neurologic, and Clinical Characteristics
Gholve, P. A. · Hosalkar, H. S. · Pollock, A. N. · Ricchetti, E.
T. · Dormans, J. P. · Drummond, D. S.
Children’s Hospital of Philadelphia
Philadelphia, PA
PURPOSE
Occipitalization is a rare congenital synostosis between the
atlas and occiput with a wide range of clinical manifestations. We present the single largest series of occipitalization
in children with correlation of radiographic, clinical, and
neurologic findings. We propose morphologic patterns of
occipitalization with associated findings that may have management implications.
MATERIALS & METHODS
We retrospectively reviewed patients with occipitalization
from our spine database. Patient charts and imaging studies
were reviewed to identify patient demographics, neurologic
manifestations, morphology of occipitalization, and associated bony and central nervous system abnormalities.
Occipitalization patterns were described as; 1. Zone (Z) I(anterior arch only), 2. Z II- (lateral mass only), 3. Z III(posterior arch only), and 4. (combination of zones).
RESULTS
Twenty-two male and 6 female patients were diagnosed at
mean age of 78 months (range 7-180 months). Importantly,
myelopathy was found in 17% (5/28), canal stenosis 39%
(11/28), and atlanto-axial instability in 61% (17/28). C2-3
fusion was noted in 46% (13/28) of which 61% (8/13) had
atlanto-axial instability. Basilar invagination was noted in
39% (11/28) and Arnold Chiari I malformation in 18%
(5/28). Zonal distribution revealed: Z I (5/28), Z II (4/28), Z

PURPOSE
Dynamic MR imaging examinations of the cervical spine
could not be carried out up to now. Routinely performed static examination might be insufficient in the diagnosis of a
stenotic problem of the spinal canal especially when symptoms only occur in a specific position. Latest developments
enable real-time dynamic examinations in neutral position as
well as ante- and retroflexion using a dynamic hardware-system designed for the cervical spine. We report our experience using the dynamic Neuro-Swing™ System (HightechElectronic/Siemens Medical Solutions, Erlangen, Germany).
MATERIALS & METHODS
Twenty-five patients with symptoms of cervical spinal stenosis were included in this study. All exams were performed
using a 1.5 T scanner (Siemens Magnetom Sonata, Siemens
Medical, Erlangen, Germany). The patients were measured
in neutral position, in dynamic anteflexion, and retroflexion.
Interactively patients set their individual limits of movement
during the scan. The dynamic scans were performed within
51 seconds using a real-time TrueFisp (SSFP) sequence with
a slice thickness of 4 mm and a temporal resolution of 2.5
images per second.
RESULTS
The average degrees in anteflexion and retroflexion were
42.6 and 44.6, respectively. A significant increase of the
spinal stenosis during movement was found in five patients.
CONCLUSION
Real-time dynamic examination of the cervical spine might
be a useful completion to the conventional static examination and allows a more precise allocation of the symptoms in
some cases.
KEY WORDS: Dynamic MR imaging, cervical spine, NeuroSwing
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III (4/28), and combination of zones (15/28). C2-3 fusion
69% (9/13) and basilar invagination 63% (7/11) were associated with Z I/ Z II involvement. Three of the four cases in
Z III had canal stenosis.
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Paper 64 Starting at 3:31 PM, Ending at 3:39 PM
Is MR Imaging Follow Up Required to Evaluate Filar
Psuedocysts Detected on Spinal Cord Ultrasounds?
Gross Kelly, T. C. · Ballesteros, M. C. · Cervantes, L. F.

to describe this entity. Furthermore, given the high cost of
MR imaging, the inherent risks of sedation and small size of
this benign appearing entity, we conclude that routine follow-up MR imaging examination is not warranted to evaluate filar pseudocysts.

Miami Children’s Hospital
Coral Gables, FL

REFERENCES

PURPOSE
The goal of this investigation is to determine if a small fluid
collection often seen beneath the conus medullaris during
sonographic evaluation of the spinal cord warrants routine
follow-up MR imaging evaluation. For simplicity we shall
call the fluid collection a filar pseudocyst. Review of the literature reveals that such a collection has not been defined
clearly. Two articles state that it is a ventriculus terminalis (1,
2). Another article describes it as both a ventriculus terminalis and an arachnoid pseudocyst (3). Still another author
refers to it as a cyst of the filum (10). A number of articles
define the ventriculus terminalis as cystic distention of the
central canal in the conus medullaris, not as a cyst located
below it (4-8). Consequently, lack of a clear definition has
motivated us to routinely recommend follow-up MR imaging in order to differentiate it from an epidermoid or arachnoid cyst (9). We propose that because most MR imaging
examinations of patients with filar pseudocysts are normal,
routine follow-up MR imaging is not necessary.

KEY WORDS: Spinal cord, cysts, ultrasound

MATERIALS & METHODS
The following investigation was performed with IRB
approval (#14-05). Ultrasound and MR imaging reports of
20 infants with filar pseudocysts performed between the
years 2000 and 2004 were reviewed retrospectively. These
patients represent a subset of a larger number of cases identified between 2000 and 2005 which have yet to be analyzed.
Gray scale and M-mode Doppler spinal cord ultrasounds
were performed using 12.5 MHZ linear transducers on either
the Philips IU22 or Philips HDI 5000 unit. MR imaging
examinations of the lumbar spine were performed on a GE
Signa 1.5 T or Philips Intera 1.5 T unit. Fast spin-echo T2
axial and sagittal then spin-echo T1 axial and sagittal images
of the spine were acquired. If a cyst was visualized, additional fat saturated T1 axial and T1 sagittal gadoliniumenhanced images were obtained.
RESULTS
The percentage of follow-up MR images not showing a filar
pseudocyst was calculated and the Blyth method was used to
calculate an exact 95% confidence interval for this percentage. Normal MR images were seen in 80% (95% CI 51-91)
of patients who appeared to have a filar pseudocyst on ultrasound. Two cases which showed a cyst on initial MR imaging, subsequently resolved on follow-up MR imaging. The
four cases of cysts demonstrated on MR imaging showed no
evidence of mass effect and were not followed up.
CONCLUSION
The vast majority of filar pseudocysts discovered during
spinal cord sonography were not demonstrated on follow-up
MR imaging examinations. Two cases, which initially
revealed a cyst on MR imaging, subsequently resolved. This
suggests that they were not true cysts but probably fluid
trapped between the nerve roots of the cauda equina. We
therefore propose that the term filar pseudocyst be adopted

References 1-9 provided upon request.

Paper 65 Starting at 3:39 PM, Ending at 3:47 PM
Fetal MR Imaging: Myelomeningoceles without Chiari II
Changes versus Terminal Myelocystoceles
Bilaniuk, L. T. · Simon, E. M. · Zimmerman, R. A. · Pollock,
A. N. · Feygin, T. · Zarnow, D. M.
Children’s Hospital of Philadelphia
Philadelphia, PA
PURPOSE
To show that rarely there are cases of true myelomeningoceles that are not associated with Chiari II changes and that
these can appear similar to terminal myelocystoceles, which
belong to closed spinal dysraphism lesions.
MATERIALS & METHODS
During a 10-year period of fetal MR imaging performed as
part of evaluation of patients at a large fetal medicine and
treatment center, 22 cases were encountered where there was
a spinal defect with a sac, but no associated hindbrain herniation. The gestational age of the fetuses ranged from 20 to 35
weeks, with an average age of 24 weeks.
RESULTS
The posterior spinal defects were located in lumbosacral or
sacral region. The sac size ranged from small to very large,
and in all cases the sac wall was noted to be thicker than usually seen with myelomeningoceles. The intracranial CSF
spaces were normal in size or slightly to moderately diminished. Four cases eventually were proven to be terminal
myelocystoceles. In some of the remaining cases, the alphafetoprotein (AFP) results were available and an abnormally
elevated AFP indicated the presence of an open dysraphism
nonskin-covered lesion. The remaining cases were proven to
be myelomeningoceles postbirth.
CONCLUSION
Myelomeningoceles that are not associated with hindbrain
herniation may appear similar to the skin-covered terminal
myelocystoceles. Differentiation on fetal MR imaging of a
herniated cord which crosses the sac to reach the placode
may be difficult to differentiate from a cystically dilated cord
within the sac which is seen in terminal myelocystocele. A
search for anomalies typically associated with terminal myelocystocele, such as omphalocele, extrophy of the bladder,
imperforate anus, and spinal anomalies, may help in the differentiation of the two entities.
KEY WORDS: Fetal MR imaging
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Paper 66 Starting at 3:47 PM, Ending at 3:55 PM
Spinal Arteriovenous Shunts Associated with
Dysraphism
McConachie, N. S.1 · Jaspan, T.1 · White, B. D.1 · ter Brugge,
K. G.2
1
Queen’s Medical Centre, Nottingham, UNITED KINGDOM, 2University of Toronto, Toronto, ON, CANADA

PURPOSE
Spinal arteriovenous shunts and spinal dysraphism are both
rare conditions, the coexistence of which is poorly recognized. In this paper, we describe the most common forms of
dysraphism found in patients presenting with venous congestive myelopathy, the types of AV shunt encountered, their
vascular supply, and the implications for their endovascular
intervention. The literature is reviewed briefly.
MATERIALS & METHODS
Five patients (2 male, 3 female; age range 25-69 years) who
underwent MR imaging to investigate a slowly progressive
myelopathy were found to have a variety of lumbosacral
spinal malformations. All patients underwent spinal catheter
angiography.
RESULTS
Three patients had lipomyelocele or lipomyelomeningocele,
one had diastematomyelia, tethering and a terminal filar
lipoma, and the other had cord tethering only. All had typical features of venous congestive myelopathy with serpentine flow voids over the cord surface, enhancement of
engorged pial veins, cord swelling and T2 hyperintensity
with preservation of a relatively hypointense peripheral rim
and variable cord enhancement. In the patients with an
intraspinal lipoma, the AVM could be identified within it. In
two cases, MR angiography located the AV shunt. In all
cases, spinal angiography revealed an AVM or AVF at the
level of the dysraphism. In most, the sacral arteries provided
the principal supply to both the AV shunt and the artery of
the filum terminale, which flowed cranially towards the
anterior spinal artery. Endovascular treatement using liquid
embolic was attempted in two cases.

CONCLUSION
These patients with congestive myelopathy tend to present at
a younger age than the commoner dural AVFs. The intimate
involvement of various forms of spinal dysraphism with arteriovenous shunts in these relatively young adults suggests
that a disorder of secondary neurulation could result in coterminous formation of both. Detection of dysraphism and particularly the presence of an intraspinal lipoma, in patients
with MR features of venous congestive myelopathy should
focus the search for the causative AV shunt to the site of the
malformation. In most cases, the supply will be from sacral
arteries and detection of the shunt may require superselective
angiography of these vessels. Those attempting endovascular
treatment need to be aware of the commonly shared arterial
supply to the AV shunt and the artery of the filum terminale.
KEY WORDS: Arteriovenous malformation, spinal dysraphism
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Paper 67 Starting at 3:55 PM, Ending at 4:03 PM
Development of the Human Lumbar Intervertebral Disk
in the First Decade of Life, as Studied by Means of T2
Relaxometry
Perry, J. · Haughton, V. M. · Krueger, E. · Wu, Y. · Mistretta,
C. · Anderson, P.
University of Wisconsin
Madison, WI
PURPOSE
Studies of early development of the human intervertebral
disk has been limited by the lack of noninvasive techniques
and of suitable anatomical material. Recently a noninvasive
technique based on T2 relaxometry has been applied to the
study of human intervertebral disk degeneration. The purpose of this study was to measure developmental changes in
the intervertebral disk during the first decade of life with this
technique.
MATERIALS & METHODS
With IRB approval and parental consent a single 7 mm thick
sagittal modified FSE sequence with echo spacing of 9.3 ms
are being acquired in 10 children under 10 years of age who
were scheduled for MR scans of the lumber spine. Exclusion
criteria were any condition that would likely alter the early
development of the spine such as decrease mobility, spinal
cord injury, skeletal dysplasias or failure to reach developmental milestones. The FSE acquisition displayed signal
intensity for each voxel for each echo in the echo train. T2
maps were calculated automatically by a least squares fitting
routine from the signal intensity in each echo. T2 values
were compared among subjects with t-tests. The effect of age
on the intervertebral disk T2 and on the spatial distribution
of T2 values was studied. We also compared T2 in these
disks with that in disks of 19 year olds collected previously.
RESULTS
Average T2 for lumbar intervertebral disks in the subjects
studied to date (n = 3) was significantly lower, with a p-value
= 10-5, in the first decade of life than in normal subjects in the
second decade of life. The mean T2 for the subjects in the
first decade of life was 83.7 ms, and the mean for the subjects in the second decade of life was 113 ms. The distribution of T2 values in normal subjects less than 10 years of age
was different than in older subjects (Fig 1). Since the
increase in T2 values occurs throughout the intervertebral
disk, it probably represents a change in glycosaminoglycans
in the disk. In the central region of the juvenile disk, where
fibrous tissue develops in the third decade of life, high T2
values predominate.

CONCLUSION
Changes in disk structure during development can be monitored by measuring T2 relaxation. Increasing T2 values of
the intervertebral disk in the first decade of life, likely reflect
maturation of glycosaminoglycans, while reduction in T2 in
adults reflects increasing fibrous structure.
KEY WORDS: T2 Relaxometry, lumbar intervertebral disk
Paper 68 Starting at 4:03 PM, Ending at 4:11 PM
Spinal Cord Glioblastoma Multiforme: Clinical and
Imaging Spectrum
Bownds, S. E.1 · Osborn, A.1 · Hedlund, G.2 · Moore, K.2 ·
Amini, A.1 · Schmidt, M.1
1

University of Utah, Salt Lake City, UT, 2Primary Childrens
Hospital, Salt Lake City, UT

PURPOSE
The World Health Organization (WHO) classification of
spinal cord tumors recognizes 4 grades of astrocytomas.
Eighty-five percent are low grade; 15-20% are anaplastic
(WHO grade 3). Spinal cord glioblastomas (GBMs) are rare,
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MATERIALS & METHODS
Thirteen patients with pathologically proven spinal cord
GBMs from 5 institutions were reviewed retrospectively.
MR imaging studies were evaluated for tumor location, margins, presence/absence of an exophytic component, signal
characteristics, and hemorrhage, as well as pattern, intensity,
and location of contrast enhancement. Clinical information
reviewed included age of presentation, gender, and presenting symptoms.
RESULTS
There were 7 male and 6 female patients. Age at presentation
ranged from 3 to 82 years, with a mean age of 26.4 years.
The most common presenting features were extremity weakness (70%), back pain (50%), and numbness (20%). The
most common tumor location was the thoracic spine (75%),
followed by the cervical spine (17%) and conus (8%). All
cases showed an expansile intramedullary mass that varied
from one to four vertebral segments. Six cases had foci of
exophytic tumor growth. Lesions were primarily isointense
on T1 (11/12) and hyperintense on T2 (11/12) MR imaging.
Twelve of 13 tumors enhanced on initial imaging. The most
common pattern was ring/nodular ( 80%). The sole nonenhancing tumor in the series showed nodular cord enhancement and diffuse leptomeningeal metastases 1 week after
biopsy. Five cases (42%) demonstrated exophytic tumor
growth. None of the lesions showed definite hemorrhagic
foci. Evidence for intracranial tumor spread was found in
5/13 cases, varying from 1 week to 2 years following initial
diagnosis. Four of 5 cases had diffuse meningeal carcinomatosis; one patient developed a focal parenchymal metastasis. Interval from diagnosis to death varied from 2 months to
2 years with a mean survival of 12 months.

rologic/developmental functional outcome in an individual
case but having the most anatomical detail of the malformation
gives the best chance of accurate counselling. We report our
experience of the first 50 cases of in utero MR imaging for fetal
spine pathology expected from abnormal ultrasonography.
MATERIALS & METHODS
Cases were referred from five fetal assessment units in the
North of England and Midlands. MR imaging was performed at 1.5 T using a phased-array flexible surface coil to
obtain single-shot fast spin-echo sequences of 5 mm and 3
mm thickness. Detailed follow up was obtained in all the
cases examined consisting of post-mortem procedures or
clinical and radiologic follow up. The results of those studies were taken as the reference standard. The diagnoses made
on the basis of ultrasound and MR imaging were compared
with the reference standards.
RESULTS
Normal in utero MR examinations were found in 8/50 cases
that were thought to be abnormal on ultrasound and all of
those cases were shown to be normal postnatally. Open dysraphic processes were found on in utero MR imaging in
21/50 and confirmed on post-mortem studies or postnatally.
Two had been misdiagnosed on ultrasonography. Other dysraphic processes were found in 15/50 on in utero MR imaging and two of those were misdiagnosed on ultrasound. A
diagnosis of sacral teratoma was made in 6/50 all of which
were correctly diagnosed by ultrasound and in utero MR
imaging. Of the 21 cases of open dysraphic processes 20
were myelomeningoceles and there was on case of
hemimyelomeningocele. The distribution of the
myelomeningoceles was: 3 thoracic, 13 lumbro-sacral, and 4
sacral. Thirteen of 21 had low cerebellar tonsils and 8 had
normally placed tonsils. In all 13 with low cerebellar tonsils
the extraaxial CSF spaces of the brain significantly reduced
or not visualized. Five of eight of the patients with normally
placed tonsils had a normal amount of extraaxial CSF. All of
the fetuses with closed spinal dysraphic pathologies had normal volumes of extraaxial CSF.

CONCLUSION
A strongly enhancing intramedullary mass with a ring/nodular pattern and an exophytic component should suggest the
diagnosis of spinal cord GBM. These highly lethal tumors
often spread quickly and diffusely after surgery/biopsy, with
local or distant cord extension or diffuse intracranial
metastatic disease the common terminal event.

CONCLUSION
In utero MR imaging contributes to the accurate diagnosis of
developmental spine pathology before 24 weeks gestational
age. Its major contribution appears to be in confirming or
refuting the presence of an abnormality although it does contribute to the anatomical diagnosis. Reduced intracranial
CSF spaces on the surface of the brain are a frequent accompanying factor of open dysraphic processes, particularly
when associated with Chiari II deformities.

KEY WORDS: Glioblastoma multiforme, spinal cord

KEY WORDS: Fetal MR imaging

Paper 69 Starting at 4:11 PM, Ending at 4:19 PM
In Utero MR Imaging of the Fetal Spine

Paper 70 Starting at 4:19 PM, Ending at 4:24 PM
Idiopathic Intervertebral Disk Calcification
Childhood: A Rare Case of Epidural Involvement

of

Griffiths, P. D. · Paley, M. · Widjaja, E. · Whitby, E.
University of Sheffield
Sheffield, UNITED KINGDOM
PURPOSE
The detection of spinal cord malformations in utero remains a
challenge for clinicians involved in antenatal diagnosis. No
imaging method can make accurate predictions as to the neu-

Hostetter, M. B. · Illner, A.
Indiana University School of Medicine
Indianapolis, IN
PURPOSE
Idiopathic intervertebral disk calcification of childhood is a
rare cause of back pain in children. It is a poorly understood,
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accounting for 0.2-1.5% of all spinal cord astrocytomas, differing in treatment response from lower grade astrocytomas.
Imaging findings of spinal cord GBM are poorly characterized, with only a few scattered case reports in the radiology
literature. We examined the imaging features and clinical
presentation in patients with documented spinal cord GBMs
in an attempt to characterize patterns that might facilitate
preoperative diagnosis.
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noninfectious, inflammatory condition that typically affects
the cervicothoracic disks. Spontaneous calcification and
symptom resolution is the natural history of the disease. We
present a case of idiopathic disk calcification of the lumbar
spine with an associated large calcified epidural mass resulting in significant thecal sac narrowing. Recognition of the
disease process resulted in conservative therapy rather than
surgical intervention with resolution of the epidural mass on
follow-up imaging.
MATERIALS & METHODS
An 8-year-old male presented with a 3-month history of back
pain that initially responded to conservative treatment
including massage and ibuprofen. Symptoms persisted for 3
months with progression of pain prompting an Emergency
Room visit. Plain films and subsequent lumbar spine MR
imaging were obtained resulting in admission for work up of
possible epidural abscess or hematoma. The hospital course,
which included a lumbar spine CT, was uneventful with
improvement of symptoms by discharge. A follow-up CT
scan was obtained at 3 months at which time the patient was
pain free.
RESULTS
Plain films of the lumbar spine demonstrated one lumbar and
two thoracic calcified disks. MR imaging of the lumbar
spine demonstrated signal abnormality of the L2-L3 disk
space and a large adjacent epidural mass with marked rim T2
hypointensity and mild rim enhancement compressing the
thecal sac concerning for epidural abscess or hematoma. CT
imaging revealed an expanded, calcified L2-L3 disk with an
adjacent large, rim calcified, low attenuation epidural mass
resulting in central canal narrowing (Fig 1). Follow-up CT
imaging at 3 months revealed resolution of the epidural mass
at L2-L3 although disk calcification persisted (Fig 2).

spectrum with the occasional presence of a calcified epidural mass allows the radiologist to play a pivotal role in patient
management.
KEY WORDS: Spine, idiopathic disk calcification, childhood
Paper 71 Starting at 4:24 PM, Ending at 4:29 PM
Embolization of a Massive Vein of Galen Malformation
Using a Staged Transarterial and Direct Internal Jugular
Approach
Successfully
Treating
Pulmonary
Hypertension in a Neonate
Camacho, A. C. · von Ritschl, R. · Mitchell, M. W. · Chaljub,
G. · Swischuk, L. E.
University of Texas Medical Branch
Galveston, TX
PURPOSE
We report the case of a massive vein of Galen aneurysmal
malformation (VGAM) presenting in the neonatal period (2
days old) with congestive heart failure and pulmonary hypertension.
MATERIALS & METHODS
The lesion was embolized successfully with staged transarterial and transvenous internal jugular approaches with the
help of a surgical cutdown for direct venous access.
RESULTS
A total of 913 cm of GDC coils were utilized.
CONCLUSION
The infant’s congestive heart failure and pulmonary hypertension completely resolved following intervention and the
patient was discharged in good condition.
KEY WORDS: Vein of Galen malformation, endovascular
therapy, neonatal pulmonary hypertension
Paper 72 Starting at 4:29 PM, Ending at 4:34 PM
Correlative Pre and Postnatal MR Imaging of
Interhemispheric Cysts Associated with Callosal
Anomalies
Jackson, H. A. · Goodarzian, F. · Panigrahy, A.
Children’s Hospital Los Angeles
Los Angeles, CA

CONCLUSION
Idiopathic intervertebral disk calcification of childhood is a
rare, but well documented disorder commonly affecting the
cervicothoracic disks. The majority of cases are isolated to
the disk with scattered reports of epidural “herniations”
resulting in canal compromise or foraminal narrowing.
Although there are several reports of individuals developing
progressive neurologic deterioration resulting in surgical
intervention, the vast majority of patients have complete resolution of symptoms with conservative management manifest on imaging as resolution of calcification. Awareness of
the natural history of this disease process and its imaging

PURPOSE
The association of interhemispheric cysts and corpus callosum anomalies has been recognized and classified (1). Fetal
MR imaging for CNS anomalies has been well documented,
but there are few reports using fetal MR imaging to diagnose
and characterize interhemispheric cysts and their associated
callosal abnormalities. The purpose of this study was to evaluate the utility and accuracy of fetal MR imaging in the characterization and classification of callosal abnormalities associated with interhemispheric cysts. We also evaluated the
added value of postnatal diffusion tensor imaging in these
types of prenatally diagnosed CNS anomalies.
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natal period can further confirm and characterize the callosal anomalies.

RESULTS
Fetal MR imaging was performed using single-shot fast
spin-echo sequences. Immediate postnatal imaging was performed using an MR compatible incubator and neonatal head
coil. A 25 direction, b = 700 diffusion tensor sequence was
performed with fractional anisotropic and Dav (ADC) maps
generated. Case 1: The fetal MR imaging performed at
approximately 32 weeks gestation demonstrates a large
interhemispheric cyst with hydrocephalus and probable callosal dysgenesis (Fig). This case is classified as Type 1A.
The postnatal MR imaging confirms a large posterior interhemispheric cyst with ventricular communication and
hydrocephalus. Callosal dysgenesis is confirmed and further
characterized with neonatal diffusion tensor imaging (Fig,
bottom right). Case 2: The fetal MR imaging performed at
approximately 38 weeks gestation demonstrates severe ventricular enlargement with a large communicating interhemispheric cyst. Callosal dysgenesis also is identified. This is
classified as Type 1A. The postnatal MR imaging confirms
hydrocephalus and a large dorsal interhemispheric cyst
which communicates with the ventricles. Callosal dysgenesis is demonstrated and confirmed with diffusion tensor
imaging. Case 3: The fetal MR imaging performed at
approximately 22 weeks gestation demonstrates callosal
agenesis with an interhemispheric cyst which communicates
with the third ventricle. This is classified as Type 1A.
Postnatal imaging is pending.

Paper 73 Starting at 4:34 PM, Ending at 4:39 PM
Pediatric Clear Cell Meningioma

REFERENCES
1. Barkovich JA, et al. Callosal agenesis with cyst. A better
understanding and new classification. Neurology
2001;56:220-227

KEY WORDS: Fetal MR imaging

Humphrey, P. E. · Hayek, R. A.
University of New Mexico
Albuquerque, NM
PURPOSE
To review the natural history, MR imaging findings, and
pathologic features of a rare tumor of the distal spinal canal
in the pediatric age group: the clear cell meningioma.
MATERIALS & METHODS
Case Report: A 5-year-old boy with a 4-month history of
progressive paraplegia and diminution of bowel and bladder
function presented to our urgent care clinic refusing to walk
secondary to pain. Plain film radiographs of the hips and
knees were performed and were normal. Subsequent workup
included gadolinium-enhanced MR imaging of the lumbar
spine to exclude the possibility of a tethered cord or syrinx
as a cause of the patient’s symptoms.
RESULTS
MR imaging demonstrated a tumor of the distal spinal canal
that filled the thecal sac from T11 to L4 and extended into
multiple neural foramina. The tumor demonstrated intermediate signal on T1- and T2-weighted images, scattered areas
of necrosis, and heterogeneous gadolinium enhancement. A
syrinx was present in the distal cord. The leading preoperative diagnosis based upon the MR findings was myxopapillary ependymoma. At surgery an encapsulated tumor was
noted, inseparable from the conus medullaris and distal
spinal cord. The tumor parenchyma was described as firm
and encased several nerve roots. The final histologic evaluation returned a diagnosis of clear cell meningioma.
CONCLUSION
We report a case of pediatric clear cell meningioma. This
rare meningioma variant is more common in the pediatric
age group, has predilection for the lumbar spine and cerebello-pontine angle, is more apt to recur than other meningiomas, and is more common in females. Tumor resection
can be curative. In the pediatric population, one may consider clear cell meningioma in their differential diagnosis of
tumors of the distal spinal canal.
KEY WORDS: Clear cell meningioma, pediatric, spinal cord

CONCLUSION
Fetal MR imaging can accurately characterize and classify
callosal anomalies associated with interhemispheric cysts.
Diffusion tensor imaging performed in the immediate post-
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MATERIALS & METHODS
From our database of fetal MR images performed at our
institute over the last 2 years, we retrospectively identified
three cases of interhemispheric cysts associated with callosal anomalies. In two cases, fetal ultrasound identified severe
hydrocephalus, but was unable to further characterize other
abnormalities. We describe and classify the interhemipheric
cysts and associated callosal abnormalities in these patients
as Type 1A (1).
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Paper 74 Starting at 4:39 PM, Ending at 4:44 PM
Pediatric Central Nervous System Precursor B-Cell
Lymphoblastic Lymphoma
Howard, J. D. · Wycliffe, N. · Ragavan, R. · Wang, J. · Kido,
D.

of lymphoblastic lymphoma; however, correct pathologic
diagnosis is important as it has prognostic and therapeutic
implications. Familiarization by radiologists of this uncommon entity will shorten the course of final diagnosis.
KEY WORDS: Precursor B-cell lymphoblastic lymphoma,
central nervous system, pediatrics

Loma Linda University Medical Center
Loma Linda, CA
PURPOSE
Precursor B-cell lymphoblastic lymphoma represents less
than 10% of all cases of lymphoblastic lymphomas in children. This form of immature B-cell lymphoma usually
occurs within the skin, lymph nodes, soft tissues, and bone.
This report presents an eleven11-month-old girl with multiple epidural and transcranial masses in the head and epidural masses in the cervical and thoracic spine with compression of brain and cord resulting in neurologic deficit. To our
knowledge such CNS manifestation of this rare form of precursor B-cell lymphoblastic lymphoma has not been reported previously.
MATERIALS & METHODS
An 11-month-old Hispanic girl presented with fever, lethargy, and 1-month history of decreased movements in the
upper and lower extremities. Physical examination showed a
5-7 cm left posterior auricular, hard, nonmobile mass.
Neurogic examination revealed hypotonia in all extremities.
Her upper extremities had no reflexes with no reaction to
pain. Her lower extremities showed hyperreflexia and reaction to pain.
RESULTS
MR imaging of the head showed a 2 x 7 cm left frontal and
parietal homogeneously enhancing epidural mass with a
smaller extracranial mass posteriorly. A 1.5 x 0.8 cm enhancing epidural mass was seen also in the right posterior parietal
region. A 2.5 cm mass was seen in the right maxilla. A 3.3
cm mass was seen in the soft tissues inferior to the right side
of the skull base. Cervical spine MR imaging showed an
isointense to cord epidural mass at C3 to T1 with compression of the cord and cord edema at the level of C1 and C2. In
the thoracic spine a right paraspinal mass was seen extending from T6 to T10. She was noted alsoto have pleural effusion, enlarged paratracheal lymph nodes, and a pleural-based
mass in the right lung base. Patient underwent surgical resection of the left parieto-occipital transcranial mass and a C2T1 laminoplasty for cervical cord decompression. An extensive histopathologic diagnostic panel including multiple
immunohistochemical techniques were needed for confirmation of precursor B-cell lymphoblastic lymphoma. Patient
underwent postoperative radiation and intrathecal
chemotherapy. Follow-up imaging showed satisfactory
regression of CNS disease.
CONCLUSION
Multiple epidural lesions in the brain with transcranial extension and spinal and paraspinal involvement are seen commonly with neuroblastomas in children. Differential includes
leukemias, histiocytosis X, Ewings sarcoma(spinal involvement), and other forms of PNET. Precursor B-cell lymphoblastic lymphoma should be included in the differential
diagnosis in children with transcranial and spinal extraaxial
lesions. It can get lumped into a more generalized category
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Paper 75 Starting at 3:15 PM, Ending at 3:23 PM
Diffusion Tensor Imaging of Children and Adults with
Agenesis or Hypogenesis of the Corpus Callosum
Hetts, S. W. · Sherr, E. H. · Barkovich, A. J. · Mukherjee, P.
University of California San Francisco
San Francisco, CA
PURPOSE
To apply diffusion tensor imaging techniques to map white
matter tracts in patients with anomalies of the corpus callosum.
MATERIALS & METHODS
Prospective application of diffusion tensor imaging
sequences on clinical 1.5 T and 3 T magnets to pediatric and
adult patients and volunteers (n = 5 patients) with agenesis
or hypogenesis of the corpus callosum. Patients with previously documented callosal anomalies were enrolled as part
of our university hospital ongoing research studies into the
radiologic and clinical manifestations of callosal anomalies.
Technical parameters for diffusion tensor imaging sequences
were: 6 directions, b = 1000, NEX = 6, axial slice thickness
= 2 mm, in plane resolution 1.4 mm (for the 1.5 T clinical
scanner) and 19 directions, b = 1000, NEX = 1, 2.5 mm
isotropic scan resolution (for the 3 T clinical scanner).
Directionally encoded color anisotropy maps were generated
for visual inspection, followed by statistical comparison of
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RESULTS
Callosal anomalies and abnormalities of other white matter
tracts are more completely evaluated by DTI than by conventional MR sequences alone. The youngest patients examined (36-week gestation premature infant and 7-week term
infant) had relatively little anisotropy outside the corticospinal tracts, as compared to older children. These
youngest patients, however, did have increased anisotropy
adjacent to the lateral ventricular atria, perhaps reflecting
residual developmental radial orientation in areas of germinal matrix. In older patients (2-16 years), asymmetric deficiencies in the superior longitudinal fasciculi and reductions
in volume of the posterior component of the inferior longitudinal fasciculi were noted. Probst bundles were well visualized in 2 of 3 patients with callosal agenesis and 1 of 2
patients with callosal hypogenesis. Reduced fractional
anisotropy subjacent to areas of polymicrogyria was noted
also.
CONCLUSION
Diffusion tensor MR imaging allows greater insight into
white matter organization in the brains of patients with callosal anomalies who, by definition, have abnormal interhemispheric connections and appear also to have abnormalities in intrahemispheric white matter tracts. Cortical abnormailities also appear to impact the organization of subjacent
white matter.
KEY WORDS: Corpus callosum, diffusion tensor imaging
Paper 76 Starting at 3:23 PM, Ending at 3:31 PM
Why Is the Corpus Callosum Large in People with
Neurofibromatosis Type 1?

fusion tensor imaging (SENSE factor 1.75, b value 0/1000
s/mm2, whole brain coverage in 2 mm thick sections). Global
area measurements of the corpus callosum were made followed by assessment of the subdivisions proposed by
Denenberg. Diffusion tensor imaging data were corrected for
motion and eddy currents using PRIDE prototype software
supplied by PMS. Fractional anisotropy and eigenvalues
were calculated on corrected images using in-house software. From these images FA and eigenvalues were obtained
by placing a fixed size ROI in the posterior aspect of the callosa.
RESULTS
The posterior midbody and isthmus regions of the corpus
callosum (widths 65-85) area were statistically larger in people with NF1 when compared to controls (p < 0.005).
Diffusion tensor imaging in those regions showed reduced
fractional anisotropy and increased λ3 but no alteration in
trace (p < 0.005).
CONCLUSION
The overall increase in callosal area in people with NF1
compared with controls is consistent with prior studies. Our
study has shown that the greatest increases in area are located in the posterior sections of the corpus callosum. Lower
FA values in this region in conjunction with the other parameters are indicative of change in diffusion directionality,
which is not accompanied by an increase in overall diffusion.
This suggests that the cellular make-up (i.e., density) of ROI
is similar for both groups suggesting that the region contains
more axons.
KEY WORDS: Neurofibromatosis 1
Paper 77 Starting at 3:31 PM, Ending at 3:39 PM
Anomalies of the Corpus Callosum: Conventional MR
Analysis of the Phenotypic Spectrum of Associated
Malformations
Hetts, S. W. · Sherr, E. H. · Chao, S. · Gobuty, S. · Barkovich,
A. J.
University of California San Francisco
San Francisco, CA

Griffiths, P. D. · Wignall, E. · Wilkinson, I.
University of Sheffield
Sheffield, UNITED KINGDOM
PURPOSE
It is well recognized that a large proportion of people with
neurofibromatosis type 1 (NF1) have large corpus callosa. In
this study we aim to investigate the localization of the
enlargement within the corpus callosum in adults with NF1
and begin to probe the cause of the enlargement. To that end,
we have used diffusion tensor imaging to try to distinguish
between neural, glial, and extracellular causes of increased
volume.
MATERIALS & METHODS
Eight adults with confirmed NF1 were studied along with
eight healthy controls matched for age, sex, and handedness.
All subjects underwent MR imaging on a 3.0 T system
(Intera, PMS) after providing informed consent. T1-weighted, high-resolution volume imaging was performed and dif-

PURPOSE
We sought to categorize the structural brain anomalies associated with abnormalities of the corpus callosum and anterior and hippocampal commissures in a large cohort.
MATERIALS & METHODS
Pediatric and adult brain MR images from our institution and
from a national support organization (the ACC Network)
were evaluated retrospectively for type and severity of commissural anomalies and presence and type of other structural abnormalities.
RESULTS
Of 142 cases that were reviewed, 82 patients had agenesis of
the corpus callosum (ACC), while 60 had callosal hypogenesis (HCC). Of the overall cohort, almost all had reduced
white matter volume outside the commissures, the majority
had malformations of cortical development (most commonly heterotopia or abnormal sulcation), many had noncallosal
midline anomalies (including abnormal anterior or hip-
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fractional anisotropy (FA) and individual eigenvalues within
Probst bundles, cingulum, tapetum, superior and inferior
fronto-occipital fasciculi, superior and inferior longitudinal
fasciculi. The DTI parametric images were compared to agematched controls for comparison to a control population.
The incremental cost of obtaining research DTI sequences
on patients and volunteers was supported by the American
Society of Pediatric Neuroradiology Annual Research Award
(2004).
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pocampal commissures and interhemispheric cysts and lipomas), and several patients had abnormalities of the cerebellum or brainstem. Sixty-six patients had Probst bundles,
which were much more common in patients with ACC than
in those with HCC. Probst bundles were present in all four
patients who had ACC or HCC but no other midline, cortical, or posterior fossa anomalies.
CONCLUSION
Isolated commissural anomalies were rare in the populations
of patients examined. Most cases of ACC and HCC were
associated with complex telencephalic, diencephalic, or
rhombencephalic malformations. Reduced cerebral hemispheric white matter volume and malformations of cortical
development were seen in more than half of patients, suggesting that many commissural anomalies are part of an
overall cerebral dysgenesis. Agenesis of the corpus callosum
and HCC appear to lie along a dysgenetic spectrum, as
opposed to representing distinct disorders.
KEY WORDS: Corpus callosum
Paper 78 Starting at 3:39 PM, Ending at 3:47 PM
Accuracy of Midtrimester Fetal Cranial MR in Fetuses
with Cranial Sonographic Abnormality: A Blinded
Comparison with Ultrasound, Third Trimester MR
Imaging, Postnatal MR Imaging and Fetal Post Mortem
Goergen, S. K.1 · Woodrow, N.1 · Coleman, L. T.2 · Fink, M.2
· Studley, M.1 · Hui, C.1 · Simpson, I.1
1

Monash Medical Centre, Clayton, AUSTRALIA, 2Royal
Children’s Hospital, Parkville, AUSTRALIA

PURPOSE
To assess diagnostic accuracy of midtrimester fetal MR imaging in women with suspected fetal cranial abnormality on
screening fetal ultrasound (US) performed at 20-24 weeks.

(7), occipital cephalocele (1), callosal agenesis (5), cerebellar
hypoplasia (1), incomplete MR imaging due to claustrophobia
(1), uninterpretable MR imaging due to patient motion (1).
Reference standard testing consisted of PM in 7 and fetal
and/or neonatal MR imaging in 19. The PM was a technical
failure in 1 fetus. MR imaging and the gold standard agreed in
18/25 (72%) of fetuses with US, incorrect/not specific in 5/18
cases (3 cases of agenesis of the corpus callosum, 1 vermian
hypoplasia, diagnosed as Dandy Walker malformation by US,
and 1 hemorrhagic cerebellar infarction (diagnosed as nonspecifically increased cerebellar echognicity by US). In 8 of
25 cases MR imaging disagreed with the reference standard
and in 5 of these 8 MR imaging underdiagnosed clinically
important abnormality (as did US). These abnormalities were:
rhombencephalosynapsis in an infant subsequently diagnosed
with Gomez-Lopez-Hernandez syndrome, lissencephaly in an
infant with Walker Warburg syndrome (the cerebellar
hypoplasia was identified correctly on the initial MR imaging), periventricular leukomalacia, a focal posterior fossa
hematoma, and histologic cerebellar hypoplasia. In 3 cases,
MR imaging over-diagnosed abnormality when it was not
present [brain parenchymal cyst, also identified by antenatal
US but not by PM (1), agenesis of the corpus callosum in a
fetus with ventriculomegaly only (1), and parietal infarction in
a fetus with ventriculomegaly only (1)].
CONCLUSION
Second and third trimester fetal MR imaging is sensitive for
intracranial abnormalities and is more accurate than US in
some patients.
KEY WORDS: Fetus, MR imaging, brain
Paper 79 Starting at 3:47 PM, Ending at 3:55 PM
The Role of MR Imaging in the Evaluation of Fetal
Cerebral Anomalies
Amsalem, Y.1,2 · Faibel, M.1 · Hoffmann, C.1
1

MATERIALS & METHODS
Consecutive women with suspected fetal cranial abnormality were asked to participate in a prospective study evaluating
the diagnostic accuracy of second trimester MR imaging
compared with a reference standard of 1) fetal post mortem
(PM) or 2) third trimester fetal MR imaging or 3) neonatal
MR imaging. All women provided informed consent and the
study had the approval of our Human Research Ethics
Committee. MR imaging was performed within 72 hours of
US. Interpretation of second trimester MR imaging was performed blinded to initial US findings. Two pediatric radiologists experienced in the interpretation of fetal MR imaging
and infant brain MR studies, who were both blinded to the
results of the initial MR imaging, interpreted the gold standard imaging studies. Anatomical pathologists performing
fetal PMs were unblinded and had extensive experience in
the interpretation of these studies.
RESULTS
Forty-seven women consented to enrollment and 1 subsequently refused MR imaging. Of the 46 remaining women, the
median gestational age at the time of MR imaging was 23
weeks (range: 19-37 weeks) and 20/26 failed to complete gold
standard testing for various reasons leaving 26 evaluable subjects. The 20 lost to follow up had the following abnormalities
on initial MR imaging: normal (4), isolated ventriculomegaly

Sheba Medical Center, Ramat-Gan, ISRAEL, 2Beilinson,
Rabin Medical Center, Petch-Tikva, ISRAEL

PURPOSE
We studied the role of MR imaging as part of the prenatal
evaluation when a cerebral anomaly was detected by fetal
ultrasonography (US) or when anomalies were suspected
while the US was normal.
MATERIALS & METHODS
Eighty-one prenatal MR examinations were performed since
2002 on 1.5 T, using a single short fast spin-echo technique
(SSFSE T2) in all patients and fast SPGR T1 and diffusionweighted imaging (DWI) in part of them. All of the examinations were performed after 23 weeks gestational age.
RESULTS
In 31/81 (38.2%) the MR imaging was normal despite the
suspected abnormalities in the US. In 27 fetuses (33%), MR
studies correlated well with sonographic findings. The MR
imaging gave additional information in the rest of the cases.
In 9 of 81 fetuses the MR imaging demonstrated severe
anomalies, and in 4 of them the pregnancy was terminated as
an outcome of MR examinations, and the other pregnancies
were continued, despite the poor prognosis. In uterus MR
imaging allowed the diagnosis of significant unsuspected
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RESULTS
Good MR perfusion data were obtained in all seven cases.
Perfusion abnormalities were closely related anatomically to
meningeal enhancement on postcontrast T1-weighted imaging. However, perfusion abnormalities were found consistently in the vicinity of developmental venous anomalies that
were present in 4/7 cases. In one child there was a perfusion
deficit in the cerebellar lobe contralateral to the leptomeningeal angiomatosis consistent with crossed cerebellar
diaschisis.

Figure 1: MR imaging of a fetus diagnosed of Walker
Warburg syndrome.
CONCLUSION
When prenatal US detect or suspect pathology in the CNS,
MR imaging becomes a valuable complementary tool and
may provide additional, clinically useful information that
may alter the case management.
KEY WORDS: Fetal, MR imaging
Paper 80 Starting at 3:55 PM, Ending at 4:03 PM
Cerebral Perfusion Abnormalities in Children with
Sturge-Weber Syndrome Shown by Dynamic Contrast
Bolus MR Perfusion Imaging
Evans, A. L.1 · Connolly, D. J. A.1,2 · Widjaja, E.1 · Griffiths,
P. D.1,2

CONCLUSION
This is the largest study to date of the use of MR perfusion
imaging in Sturge-Weber syndrome. In our experience, MR
perfusion imaging is a sensitive indicator of perfusion abnormalities in SWS and can be performed easily at the same
time as the diagnostic scan. MR perfusion imaging is therefore useful in the assessment of this disease. This approach
has the extra advantage of correlating the perfusion abnormalities with the high-resolution imaging provided from MR
imaging.
KEY WORDS: MR perfusion, Sturge-Weber syndrome

1

Royal Hallamshire Hospital, Sheffield, UNITED KINGDOM,
Sheffield Childrens Hospital, Sheffield, UNITED KINGDOM

2

PURPOSE
Sturge-Weber syndrome (SWS) is characterized by leptomeningeal angiomatosis and a facial naevus which is usually unilateral. MR imaging is the cornerstone of confirming the
disease and judging the extent of the abnormalities. It has been
shown, however, that brain perfusion abnormalities on nuclear
medicine imaging are often more extensive than the abnormal
leptomeningeal enhancement on MR imaging. In this paper
we assess the utility of MR perfusion imaging in demonstrating perfusion abnormalities in pediatric cases of SWS.
MATERIALS & METHODS
MR perfusion studies were performed on seven consecutive
children who presented to our department with clinically
suspected SWS. The extent of time-to-peak abnormality on
dynamic gadolinium bolus MR perfusion imaging was compared with the extent of leptomeningeal enhancement and
the presence of venous abnormalities.

Paper 81 Starting at 4:03 PM, Ending at 4:11 PM
In Utero MR Imaging for Fetal Ventriculomegaly: A
Range of Improved Diagnostic Accuracy
Griffiths, P. D. · Morris, J. · Paley, M. · Whitby, E.
University of Sheffield
Sheffield, UNITED KINGDOM
PURPOSE
Fetal MR imaging now is used extensively in utero, both in
research studies and in the clinical environment. There is
accumulating data that in some situations MR imaging has
higher diagnostic accuracy when compared with ultrasound.
In this paper we present data concerning the assessment of
brain abnormalities in fetuses with ventriculomegaly based
on the certainty of diagnosis of isolated ventriculomegaly on
ultrasonography.

Monday

lesions such as migration disorder, hemorrhagic lesion, agenesis of corpus calosum, and cysts. In addition the MR imaging provided extra information which helped to characterize
ventricular dilatation, anomalies of the corpus calosum, sulcation, ventricular asymmetry and of the posterior fossa.
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MATERIALS & METHODS
The study consists of two referral patterns, firstly fetuses of
any gestational age after 19 weeks where the referring ultrasonography considered the examination to be difficult, or
there was some debate about the presence of abnormalities
other than ventriculomegaly. This “group 1” consisted of 40
fetuses in which the primary referral problem was ventriculomegaly. The second group consisted of the first 33 cases
from an ongoing study (group 2) in which 20-23 week fetuses were recruited only if the referring ultrasonographer was
sure that the fetus had ventriculomegaly only and had ideal
viewing conditions. The results of the ultrasound and MR
examinations were compared with the final clinical, radiologic, or post-mortem examination as appropriate.
RESULTS
The examinations in the forty cases from group 1 (“difficult
ultrasound cases”): a) Complete agreement between MR and
ultrasonography 19/40 (48%); b) MR imaging gave extra
information unlikely to affect management 1/40 (2%); c)
MR imaging gave extra information likely to affect management 2/40 (5%); d) MR imaging changed the diagnosis and
affected management 18/40 45%). In group 2 (high confidence of isolated ventriculomegaly): a) Complete agreement
between ultrasound and MR imaging 27/33 (82%); b) MR
imaging changed the diagnosis and affected management
6/33 (18%). The five extra pathologies shown by MR imaging were callosal agenesis/hypogenesis (3), hydranencephaly
(1), vermian hypoplasia (1), large infarction (1).

and moderate to severe VM (> 15.0 mm). Central nervous
system anomalies were classified as: isolated VM, midline
anomaly, migrational disorder, destructive process, vascular
anomaly, and other. Isolated VM was assigned if no other
fetal abnormality was detected. Midline anomaly applied to
a number of disorders, including holoprosencephaly, agenesis of the corpus callosum, posterior fossa malformations,
and variants thereof. Migrational disorders include
lissencephaly, and polymicrogyria. Destructive processes
include intracranial hemorrhage, infection, and hypoperfusion events.
RESULTS
There were 59 cases of fetal VM. In the group with BVM (N
= 37), 13 had isolated VM (at time of imaging), 5 destructive
processes, 5 midline anomalies, 5 migrational disorder, and
9 other. In the moderate to severe VM category (N = 22), 11
had midline anomalies, 4 migrational disorder, 3 destructive
processes, 1 vascular anomaly, and 3 other.

CONCLUSION
The improvement in diagnostic accuracy of MR imaging
over ultrasound when investigating ventriculomegaly is
dependent on referral patterns. However, there remains a significant improvement in diagnostic accuracy in cases where
isolated ventriculomegaly has been diagnosed with high certainty on ultrasound.
KEY WORDS: Fetal MR
Paper 82 Starting at 4:11 PM, Ending at 4:19 PM
Spectrum of Central Nervous System Pathology with
Fetal Ventriculomegaly Evaluated by MR Imaging
Mann, E. H.1 · Blaser, S.1 · Pantazi, S.2 · Shannon, P.2 ·
Chitayat, D.1 · Toi, A.2 · Ryan, G.2 · Raybaud, C.1
1

The Hospital for Sick Children, Toronto, ON, CANADA,
Mount Sinai Hospital, Toronto, ON, CANADA

2

PURPOSE
Ventriculomegaly (VM) is a common indication for referral
for MR imaging of the fetal central nervous system (CNS).
We sought to determine the spectrum of fetal CNS pathology in those cases with VM assessed by MR imaging.
MATERIALS & METHODS
Retrospective analysis of fetal MR images obtained during a
2-year period was performed to assess for VM, defined as a
measurement greater than 10 mm obtained at the level of the
ventricular atrium. All cases were referred following
anatomical ultrasound evaluation at a tertiary care center. In
these fetuses, further assessment was undertaken for neural
and extraneural abnormalities. Ventriculomegaly was stratified into 2 groups, borderline VM (BVM) (10.1 to 15.0 mm)

Trisomy 21, 11 mm bilateral BVM, 20 weeks gestational
age.
CONCLUSION
Signficant abnormalities were identified in both groups, but
were common in the group with BVM. These findings
impacted upon family counselling and pregnancy management. Fetal MR imaging is a useful adjunct in the evaluation
of fetal VM.
KEY WORDS: Fetal, MR imaging, ventriculomegaly
Paper 83 Starting at 4:19 PM, Ending at 4:27 PM
The Fetal Temporal Lobe: An In Vivo MR Study
Kasprian, G. J.1 · Brugger, P. C.1 · Weber, M.1 · Kostovic, I.2 ·
Prayer, D.1
1

Medical University of Vienna, Vienna, AUSTRIA, 2Croatian
Institute for Brain Research, Zagreb, CROATIA
PURPOSE
The temporal lobe (TL) contains substructures which host
main neuropsychologic functions. To date fetal TL anatomy
has been investigated only in vitro. Using MR imaging we
evaluated fetal TL development in utero.
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RESULTS
The hippocampus and amygdala were recognized in all
fetuses beginning with 18 GW, further intrinsic detail
became evident with continuing growth. Following the 25th
GW temporal sulci began to appear in an orderly fashion. In
3 of 4 fetuses aged 26 GW the occipital parts of STG were
visible. The rostral parts could be detected readily by 31 GW.
Measurement of TLL was possible in 78.8% of cases. The
values of TLL differed from 10.65 mm at 20 GW to 41.33
mm at 34 GW. Occipito-frontal growth of the TL followed a
linear regression (r2 = 0.85, p < 0.001). The correct prediction for the time of appearance of the STG was 80.4% using
FOD and 81.1% using GW. In nearly all cases (> 90%) with
TLL over 31 millimeters all primary gyri of the temporal
lobe were present. The entorhinal cortex appeared T2weighted hypointense and T1-weighted hyperintense.
Diffusion-weighted anisotropy of the enthorhinal cortex was
visible at very early stages (1) (Fig). Beginning with 28 GW
a marked T2-weighted hyperintensity and T1-weighted
hypointensity was present in the temporopolar region corresponding to the subplate.

Figure. Fetus aged 20 GW: Coronal diffusion-weighted
images (b = 700). Anisotropy of the entorhinal cortex is visible (white arrows).
CONCLUSION
Temporal lobe morphology can be evaluated quite accurately using fetal MR imaging. Gestational age, TLL, and the
FOD can be used to predict the time of appearance of STG,
which is a good marker of fetal gyrus formation. The early
differentiation of the entorhinal cortex (1) is mirrored by its
anisotropic appearance on diffusion-weighted MR imaging.
REFERENCES
1. Kostovic I, Petanjek Z, Judas M. Early areal differentiation of
the human cerebral cortex: entorhinal area. Hippocampus
1993;3(4):447-458.

KEY WORDS: Fetal MR imaging, brain development, temporal lobe

Paper 84 Starting at 4:27 PM, Ending at 4:32 PM
Accelerated Myelination in Sturge-Weber Syndrome in
Neonate on Diffusion Tensor Imaging
Moritani, T. · Smoker, W. R. K. · Kim, J. · Sato, Y. ·
Kademian, J.
University of Iowa Hospitals and Clinics
Iowa City, IA
PURPOSE
To report of a case with Sturge-Weber syndrome in neonate
on diffusion tensor imaging. The cause of accelerated myelination in Sturge-Weber syndrome remains unknown, but
venous ischemia or increased venous congestion has been
suggested.
MATERIALS & METHODS
Seven-day-old female presented with seizures. She was born
at 39 weeks gestation and noted to have a port wine stain
covering her entire head and extending onto her back and
shoulders. There was no significant family history of neurologic disorders. CT and MR imaging were obtained. 1.5 T
MR images included T1, T2, FLAIR, gadolinium-enhanced
T1, diffusion-weighted, and diffusion tensor imaging (DTI)
(b = 500 and 1000 s/mm2) with fractional anisotropy (FA)
maps.
RESULTS
Enhanced CT and MR imaging showed extensive meningeal
enhancement more conspicuously in the right parietal region
consistent with leptomeningeal angiomatosis seen in SturgeWeber syndrome. T2-weighted images showed subtle T2
shortening in the right parieto-occipital region compared to
the left side representing accelerated myelination. FA maps
clearly demonstrated increased diffusion anisotropy in the
right parieto-occipital region compared to the contralateral
side. Fractional anisotropy ratios (FA in the right parietooccipital white matter/FA in the left parieto-occipital white
matter) were 1.42 ± 0.21 (mean ± SD) (1.13-1.95) (17 slices,
ROI 141-290 pixels)
CONCLUSION
Diffusion tensor imaging with fractional anisotropy maps is
useful to evaluate myelination in Sturge-Weber syndrome in
neonates.
REFERENCES
1. Porto L, Kieslich M, Yan B, Zanella FE, Lanfermann H.
Accelerated myelination associated with venous congestion.
Eur Radiol 2005;28:1-5
2. Adamsbaum C, Pinton F, Rolland Y, Chiron C, Dulac O, Kalifa
G. Accelerated myelination in early Sturge-Weber syndrome: MRI-SPECT correlations. Pediatr Radiol
1996;26:759-762
3. Jacoby CG, Yuh WT, Afifi AK, Bell WE, Schelper RL, Sato Y.
Accelerated myelination in early Sturge-Weber syndrome
demonstrated by MR imaging. J Comput Assist Tomogr
1987;11:226-231

KEY WORDS: Sturge-Weber syndrome, diffusion tensor
imaging, myelination
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MATERIALS & METHODS
The MR images of 66 fetuses with normal brain development [aged 18-37 gestational weeks (GW)], were analyzed
retrospectively. The fetal hippocampus, parahippocampal
gyrus, amygdala, entorhinal cortex, temporal gyration were
evaluated at different GW on T2-, T1- and diffusion-weighted sequences in 3 section planes, with the coronal plane
acquired perpendicular to the hippocampal long axis. The
fronto-occipital diameters (FOD) and the length of both temporal lobes (TLL) were measured in the sagittal plane using
the Image J software package. Discriminant analysis was
performed to assess the predictive value for the appearance
of the superior temporal gyrus (STG).
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Paper 85 Starting at 4:32 PM, Ending at 4:37 PM
Aqueductal Developmental Venous Anomaly as the
Cause of Obstructive Hydrocephalus

Paper 86 Starting at 4:37 PM, Ending at 4:42 PM
Central Skull Base and Hypothalamohypophyseal
Duplication

Walsh, M. A. · Parmar, H. A. · Mukherji, S. K.

Schooley, B. M.1 · Altinok, D.2

University of Michigan
Ann Arbor, MI

1

Henry Ford Hospital, Detroit, MI, 2Children’s Hospital of
Michigan, Detroit, MI

PURPOSE
To discuss the imaging features of a developmental venous
anomaly resulting in aqueductal stenosis and obstructive
hydrocephalus.

PURPOSE
To describe a case of pituitary duplication and multiple midline developmental anomalies and give a description of the
embryologic development of these findings via a review of
the pertinent literature.

MATERIALS & METHODS
A 7-year-old female with obstructive hydrocephalus presented for follow-up imaging after successful shunt therapy. Her
initial diagnosis was made at 1 year of age when she was
noted to have an accelerated head circumference growth on
routine physical examination.
RESULTS
MR scan revealed a left frontal ventriculostomy catheter and
dilatation of the lateral and third ventricle with a normal
fourth ventricle consistent with obstructive hydrocephalus.
Contrast-enhanced images demonstrated a midbrain developmental venous anomaly with the characteristic “caput
medusa” configuration in close proximity to and likely compressing the cerebral aqueduct. It was draining into the deep
venous system through a large collector vein. There was no
other cause for obstructive hydrocephalus identified.

CONCLUSION
Developmental venous anomalies are congenital lesions and
are the most frequently encountered vascular malformation
with a reported incidence of 2.6%. These usually are identified
incidentally on postcontrast images with a characteristic
“caput medusa” appearance with a dilated transmedullary vein
draining into a large central vein. Aqueductal stenosis of vascular origin is rare, the majority of which are caused by arteriovenous malformation, cavernous angioma or vein of Galen
aneurysm. Aqueductal stenosis resulting from a developmental venous anomaly is unusual with only few cases reported in
literature. MR imaging is a sensitive method to evaluate for
causes of aqueductal stenosis, including vascular lesions like
a developmental venous anomaly such as in this case. It is
important to note that appearance of a periaqueductal developmental venous anomaly may not have its typical appearance
and often the draining vein compressing the aqueduct may be
the only detectable finding for hydrocephalus.
KEY WORDS: Developmental venous anomaly, hydrocephalus, aqueductal stenosis

MATERIALS & METHODS
We present a case of a 12-year-old female with the rare condition of pituitary duplication. This only has been reported
previously in approximately 23 patients. The patient had an
enlarged hypothalamus and duplication of the pituitary
gland, pituitary infundibulum, sella turcica, and odontoid
process. Multiple anomalies of the midline skull base structures along with vertebral fusion anomalies in the upper cervical spine were identified. There were no laboratory abnormalities. Patient also had prior resection of a midline
suprasellar dermoid tumor.
RESULTS
Axial, coronal, and sagittal CT imaging demonstrates cleft
palate, duplicated and truncated odontoid process of C2, and
fusion of C1’s anterior arch to the basiocciput. C2 is fused to
C3 at the vertebral body and at the lateral masses. Axial and
coronal CT shows an enlarged craniopharyngeal cleft in the
sphenoid bone with absence of the sphenoid sinus. Pre and
postcontrast multiplanar MR imaging demonstrates the
duplicated pituitary gland and infundibulum and the sella
turcica with enlargement of the hypothalamus.

CONCLUSION
Duplication of the hypothalamus, pituitary gland, and skull
base osseous structures is a rare phenomenon, which often
occurs with severe craniofacial abnormalities. The etiology
of these findings is incompletely understood. While these
findings often are considered part of the median cleft face
syndrome, hypotheses that persist are that pituitary duplication is due to a division of a single primitive pituitary structure at the junction of the neuroectoderm and surface ecto-
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derm or that pituitary duplication results from a duplication
at the rostral end of the notochord.

3:15 PM – 4:45 PM
Room 1AB

Paper 87 Starting at 4:42 PM, Ending at 4:47 PM
Focal Cortical Dysplasia with Altering Signal and Size on
Sequential Imaging
Usmanov, A. · Anderson, J. C. · Phal, P.

(14d) SPINE: Neoplasms, Spinal
Injections/Vertebroplasty
(Scientific Papers 88 – 101)

Oregon Health and Science University
Portland, OR
PURPOSE
To demonstrate an unusual MR imaging appearance of focal
cortical dysplasia where an increased size of the lesion, as
well as altered signal characteristics are seen on sequential
imaging.
MATERIALS & METHODS
A male child with intractable tonic clonic seizures despite
medical management had sequential MR imaging of the
brain. Initial MR imaging at 14 months of age was read as
normal. Subsequent imaging at 24 and 31 months of age
demonstrated a lesion in the posterior aspect of the right
superior frontal gyrus that increased in size and changed signal characteristics. The primary diagnosis of concern was
therefore a tumor. Surgical resection of the lesion with subsequent pathologic evaluation demonstrated histology consistent with cortical dysplasia. Following resection, the
patient’s frequency of seizures declined substantially.
RESULTS
Careful review of the first MR scan at 14 months of age
demonstrates subtle thickening of the cortex of the posterior
aspect of the right superior frontal gyrus, best appreciated on
the coronal SPGR images. The signal was normal on the T2weighted and FLAIR images. Repeat MR imaging at 24 and
31 months of age demonstrated the lesion to have increased
in size with new increased signal on T2-weighted and
FLAIR . These changes were progressive over the three
scans. PET scan demonstrated decreased FDG uptake in this
region.
CONCLUSION
Focal cortical dysplasia generally is thought to be a stable
lesion. We have demonstrated a lesion increased in size and
changed signal characteristics over a 17-month period.
Although there are findings that have been published that suggest the diagnosis of tumor versus cortical dysplasia, it is important to be aware that there is some overlap in these findings.
REFERENCES
1. Bronen R, Vives K, Kim J, Fulbright R, Spencer S, Spencer D.
Focal cortical dysplasia of Taylor, balloon cell subtype: MR
differentiation from low-grade tumors. AJNR Am J
Neuroradiol 1997;18(6):1141-1151
2. Colombo N, Tassi L, Galli C, Citterio A, Lo Russo G, Scialfa G,
Spreafico R. Focal cortical dysplasias: MR imaging,
histopathologic, and clinical correlations in surgically treated patients with epilepsy. AJNR Am J Neuroradiol
2003;24(4):724-733

KEY WORDS: Cortical dysplasia, seizure

See also Parallel Sessions
(14a) ADULT BRAIN: Applications to Diseases
(14b) PEDIATRICS: Pediatric Spine
(14c) PEDIATRICS: Developmental/Congenital
Malformations
Moderators:

M. J. Bernadette Stallmeyer, MD, PhD
Gordon K. Sze, MD

Paper 88 Starting at 3:15 PM, Ending at 3:23 PM
Characteristics and Clinical Experience Using a Novel
Bio-Ceramic for Treating Vertebral Compression
Fractures in Vertebroplasty and Kyphoplasty: Report on
the First 40 Patients
Maurer, P.1 · Bae, H.2 · Peppelman, W.3 · Beutler, W.3 ·
Linovitz, R.4 · Westerlund, E.4 · Lieberman, I.5 · Kim, C.6 ·
Girardi, F.7 · Peppers, T.4
1

Pennsylvania Hospital, Philadelphia, PA, 2St. Johns
Hospital, Santa Monica, CA, 3Pennsylvania Spine Institute,
Harrisburg, PA, 4Core Orthopedics, Encinitas, CA,
5
Cleveland Clinic, Cleveland, OH, 6University of California
San Diego, San Diego, CA, 7Hospital for Special Surgery,
New York, NY
PURPOSE
Cortoss is a high-strength, bioactive, self-setting composite
engineered to mimic the characteristics of human structural
bone. Because it is inherently radiopaque, Cortoss is visualized easily during its placement under fluoroscopy, or in
postoperative imaging. Animal studies demonstrated that the
Cortoss-bone interface continues to be strengthened over
time, with new bone being formed and integrated onto and
into the material (1). The purpose of this study was to assess
the feasibility and clinical outcome of the use of Cortoss in
treating osteoporotic vertebral compression fractures (VCF).
MATERIALS & METHODS
Forty patients were enrolled in 2 FDA approved pilot IDE
studies conducted using Cortoss for the treatment of VCFs
using Vertebroplasty technique at 3 centers (20 patients) and
Kyphoplasty technique at 5 centers (20 patients). Treatment
was limited to one or two levels from T6 to L5. The objective was to compare the patients’ condition prior to and after
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treatment. Twenty patients were treated using the
Vertebroplasty technique. There were 8 males and 12
females with a mean age of 72 years. Fifteen lumbar and 11
thoracic vertebrae were treated, with an average of 1.9 cc
injected per vertebra. Twenty patients were treated using the
Kyphoplasty technique. There were 6 males and 14 females
with a mean age of 79 years. Twenty-five vertebrae were
treated with an average of 4.1cc per vertebra. Primary endpoints included pain (Visual Analogue Scale, VAS) and function (Oswestry Disability Index, ODI), SF-12, radiographic
evaluation and safety. Patients meeting the inclusion/exclusion criteria were admitted into the study. There was no randomization between groups.
RESULTS
Vertebroplasty: Average pain improved by a reduction in the
VAS, from 74 preop to 32 at 1 month, 24 at 3 months, and 28
at 12 months. Similarly, disability improved from a mean
ODI score of 52% preop to a mean score of 30% at 3 months
and a mean score of 23% at 12 months. Kyphoplasty:
Average pain improved by a reduction in the VAS, from 78
preop to 27 at 1 month, 22 at 3 months, and 20 at 6 months.
Similarly, disability improved from a mean ODI score of
60% to a mean score of 33% at 3 months and a mean score
of 35% at 6 months. SF-12 was maintained or improved at
each time point for both groups. Leakages were calculated
from postop CT scans and found to be similar in both groups.
All extravasations were asymptomatic with no cardiac irregularities or pulmonary emboli.
CONCLUSION
The results obtained in these two pilot IDE studies are consistent with those of the European prospective study which
indicate that Cortoss is safe and effective in the treatment of
osteoporotic VCF. These studies suggest that Cortoss successfully reinforces the vertebra(e) and achieves pain relief
and improved function using either the Vertebroplasty or
Kyphoplasty technique. A larger, prospective randomized
controlled IDE study to confirm these findings is under way.
KEY WORDS: Vertebral augmentation, vertebroplasty, materials
Paper 89 Starting at 3:23 PM, Ending at 3:31 PM
Usefulness of Three-Dimensional Rotation Imaging
before Percutaneous Vertebroplasty
Kobayashi, N. · Arisaka, Y. · Numaguchi, Y. · Fuwa, S. ·
Uemura, A. · Matsusako, M. · Saida, Y.
St. Luke’s International Hospital
Tokyo, JAPAN
PURPOSE
In percutaneous vertebroplasty (PVP), cement leakage occurs
not infrequently around the intravertebral cleft and cortical
defects and may cause various complications. Therefore, preprocedural evaluation of intravertebral cleft and cortical defect
is important to predict cement distribution and to avoid cement
leakage outside the vertebral bodies. For this purpose, we use
MD CT before PVP. We have had an opportunity to use 3D
rotational angiography (3D RA) to create CT-like cross-sectional images before PVP. The purpose of this study is to evaluate the usefulness of 3D RA in term of detection of intravertebral cleft and cortical defect of the vertebral bodies.

MATERIALS & METHODS
Percutaneous vertebroplasty was performed for a total of 82
vertebral bodies in 34 consecutive patients with compression
fractures during November 2004 to September 2005. Both
3D RA and MD CT were obtained for these patients before
PVP. On-site 3D RA was performed using a biplane angiography unit and multiplanar reconstruction (MPR) images
were created on workstation. CT was performed using 16
detector row CT with MPR images in prone position as in
PVP procedure. The 3D RA findings were correlated with
MPR images of MD CT which were used as a gold standard.
We retrospectively compared the accuracy of 3D RA and
MD CT in the assessment of intravertebral “cleft” and “cortical defect” at 6 vertebral segments (superior, inferior, anterior, posterior, right, and left) in patients with vertebral compression fractures which were treated by PVP. A total of 82
vertebrae were analyzed for intravertebral cleft. Then, a total
of 492 vertebral segments (82 x 6) were analyzed for cortical defect. Two independent blinded readers used a twopoint grading system, (i.e., presence or absence of cleft or
cortical defects). Inte-observer agreements were calculated
by using k statistics. A third independent blinded reader
assessed possible reasons for disagreements between 3D RA
and MD CT findings.
RESULTS
Among 82 vertebral bodies, intravertebral cleft was noted in
30 vertebrae on MD CT and 34 vertebrae on 3D RA.
Regarding intravertebral cleft on 3D RA, true positive was
29, false negative 4, false positive 1, and true negative 45.
Sensitivity 96.6%, specificity 91.8%, positive predictive
value 87.8%, negative predictive value 97.8%, and accuracy
93.6%. Among 492 vertebral segments, cortical defects were
similarly visualized on both 3D RA and MD CT for every 6
vertebral segments. Regarding cortical defect on 3D RA,
true positive was 108, false negative 5, false positive 7, and
true negative 354. Sensitivity was 93.9%, specificity 98.6%,
positive predictive value 95.5%, negative predictive value
98.0%, and accuracy 97.4%.
CONCLUSION
Three-dimensional RA is an accurate and reliable alternative
to MD CT in the detection of intravertebral cleft and cortical
defect during PVP. Three-dimensional RA may replace preprocedural MD CT.
KEY WORDS: Vertebroplasty, cement leakage, cleft and cortical defect
Paper 90 Starting at 3:31 PM, Ending at 3:39 PM
Core Bone Biopsy and Percutaneous Vertebroplasty for
Patients with Suspected Pathologic Vertebral
Compression Fractures
Arakawa, H. · Vavao, J. · Jayaraman, M. V. · Do, H. M.
Stanford University Medical Center
Stanford, CA
PURPOSE
In addition to helping patients with symptomatic osteoporotic vertebral compression fractures (VCFs), percutaneous
vertebroplasty (PVP) is effective for relieving pain for
patients suffering from VCFs due to primary or metastatic
tumors. At our institution, we routinely perform both percu-
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MATERIALS & METHODS
A total of 42 painful VCFs on 37 patients were thought to be
involved by tumor and performed PVPs combined with
biopsy at our institution from January 1999 to September
2005. All procedures were performed with unipediculate
approach under biplane fluoroscopy. Biopsied specimens
were obtained through coaxial system of 13 G (80.1%)or 16
G (19.9%) biopsy needle. Eighteen patients were male and
the average patient age was 72.9 years (SD = 8.5). Twenty
lesions were thoracic vertebrae (47.6%) and 21 lesions were
lumbar vertebrae (50%). Indication of biopsy included history of malignancy (73.0%) and pretreatment MR finding
(10.8%). Pathologic reports of these patients were reviewed
if enough tissue samples were obtained. Pain relief was
assessed with visual analogue scale (VAS) of pre and posttreatment.
RESULTS
No complications related to the procedure were observed.
All core bone biopsies yielded adequate tissue for pathologic assessment. Eleven out of 42 (26.2%) biopsies were positive for malignancy. Eight patients were diagnosed metastatic tumor (72.7%), and two were multiple myeloma (18.2%).
Visual analog scale of pre and posttreatment were 7.67 and
2.78. respectively (p < 0.0001). Pain relief was obtained
90.4% of treated VCFs with biopsy proven pathology; 87 1/2
% of VCFs in which biopsy was negative for malignancy
experienced pain relief with PVP.
CONCLUSION
Simultaneous biopsy and PVP for patients with VCFs associated with possible tumoral involvement is an effective and
safe treatment strategy aimed at obtaining reliable core specimen and providing excellent early pain relief and stabilization of the VCFs.
KEY WORDS: Vertebral biopsy, coaxial system, vertebroplasty
Paper 91 Starting at 3:39 PM, Ending at 3:47 PM
Plasma-Mediated Radiofrequency-Based Ablation in
Conjunction with Percutaneous Cement Injection for
Treating Painful Vertebral Compression Fractures
Resulting from Metastasized Malignancy
Georgy, B.1 · Wong, W.2
Valley Radiology Consultants, Escondido, CA, 2University
of California San Diego, San Diego, CA

over conventional methods when treating such patients.
MATERIALS & METHODS
Twenty-eight patients (36 vertebral bodies) with various
types of proven metastatic lesions were treated. Most lesions
had epidural extension of tumor, posterior cortical disruption, or both of these characteristics. Prior to performing the
procedure, appropriate informed consent was obtained. The
procedure consisted of using a plasma-mediated radiofrequency-based device to etch a cavity within the affected vertebral body and then filling the cavity and adjacent interstices with bone cement. The tissue etching provided by this
type of radiofrequency-based device is allowed by generation of a localized energy field, which is capable of excising
minute amounts of tissue via a molecular dissociation
process; this mechanism of action differs from that of conventional diathermy. The radiofrequency-based device was
introduced through an 8 G introductory cannula, through
which the cement also was injected eventually.
RESULTS
Adequate amount of cement was injected in all cases.
Posterior cement extravasations were observed only in two
cases (6%) and were clinically inconsequential. No thermal
or neuronal insult was observed during the procedure in any
case, which might be expected with use of conventional
radiofrequency-based devices. Follow up ranged from 1
month to 2 years. All treated patients reported decreased pain
level, less use of narcotics for back-related pain, and
improved function. No other subsequent surgical interventions were required, to our knowledge, to maintain improvement in any case.
CONCLUSION
Removing rather than displacing tissue to create a cavity
before injecting bone cement into a vertebral body compromised by malignancy may reduce the complication rate
observed when using a conventional bone cement injection
procedure. This technique may redirect the cement away
from the spinal canal, particularly in cases with posterior
cortical defect and epidural extension while also conferring
the additional benefits of improved interdigitation of cement
and decreased risk of embolization. This new technique may
allow safer procedures in more advanced cases and may help
avoid extensive surgery.
KEY WORDS: Spine, tumors, radiofrequency
Paper 92 Starting at 3:47 PM, Ending at 3:55 PM
Detection of Initial Intravascular Placement during CT
Fluoroscopy-Guided Lumbar Epidural Injection and
Correlation with Positive Blood Aspiration

1

PURPOSE
Percutaneous cement injection (vertebroplasty or kyphoplasty) of malignant vertebral compression fractures is associated with a higher complication rate compared to benign
osteoporotic ones. This mainly can be attributed to the presence of epidural extension of the tumor and associated posterior cortical bone disruption. The purpose of this study was
to investigate clinical feasibility and effectiveness of a technique designed to improve control of bone cement placement

Wagner, A. L.
Rockingham Memorial Hospital
Harrisonburg, VA
PURPOSE
To prospectively evaluate the incidence of intravascular
placement during lumbar epidural injections using contrast
injection during continuous CT fluoroscopy (CTF). The data
are correlated with the presence or absence of blood aspiration.

Monday

taneous core bone biopsy and PVP in same setting for
patients with VCFs that are suspicious for possible malignancy to obtain pain relief and diagnose the cause of the
fractures. The purpose of this study is to assess the results of
biopsy and the effect of PVP in these patients.
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MATERIALS & METHODS
Two hundred and sixteen consecutive patients were evaluated prospectively during CTF-guided epidural injection using
a 20 or 22 gauge Touhy needle. One patient was excluded.
Following documentation of positive or negative blood aspiration, patients were injected with iodinated contrast (n =
211), air (n = 1), or gadolinium (n = 3) during a short CTF
acquisition and the presence or absence of intravascular filling was noted.
RESULTS
Ten patients had intravascular injections (4.6%), one of
which was a split injection, with some epidural contrast present. six patients had blood return prior to injection, 5 of
which showed no intravascular filling and normal epidural
contrast. Of the 10 intravascular injections, only one had a
positive blood return, even with repeat aspiration after
intravascular placement was documented. Sensitivity of the
presence of blood in detecting intravascular needle placement was 10%, specificity was 17%.

lowing diskography in a large, busy, outpatient practice and
discuss technical aspects which may contribute to infection
prevention.
MATERIALS & METHODS
We reviewed the electronic records of all diskograms performed at our institution over a 12-year period, looking for
all cases of procedural-related infection. All diskograms had
been performed by skilled and experienced procedural radiologists in dedicated spine injection suites with specialized
technical staff.
RESULTS
Twelve thousand one hundred and twenty examinations were
performed on 10,279 patients for a total of 35,695 disk levels. Of the total, 2,032 were cervical, 1075 thoracic, and
9,013 were lumbar examinations. There was one case of confirmed lumbar diskitis and no cases of either cervical or thoracic diskitis in our series. There were no other infectious
complications. The incidence of diskitis was 0.008% per
examination and 0.0028% per disk level.
CONCLUSION
In skilled and experienced hands employing proper technique, diskography is a safe outpatient procedure with an
extremely low incidence of diskitis and other procedurerelated infections.
KEY WORDS: Diskography, complications, diskitis
Paper 94 Starting at 4:03 PM, Ending at 4:11 PM
Preliminary Application Study of MR Perfusion Imaging
and Diffusion Tensor Imaging in Tumor-Like Lesions in
the Cervical Spinal Cord
Liu, X. · Tian, W. · Ohgiya, Y. · Ekholm, S. · Westesson, P.
University of Rochester School of Medicine & Dentistry
Rochester, NY

CONCLUSION
The presence or absence of blood aspiration during epidural
injections is not a reliable indication of intra or extravascular needle location. Contrast injection is useful in ensuring
correct placement of steroid, thereby maximizing potential
effectiveness. Dynamic injections as compared to static ones
are useful in only a small percentage of cases.
KEY WORDS: Epidural injection, CT fluoroscopy
Paper 93 Starting at 3:55 PM, Ending at 4:03 PM
Diskography: Infectious Complications from a Series of
more than 12,000 Cases
Pobiel, R. S. · Schellhas, K. P. · Pollei, S. R. · Johnson, B. A.
· Golden, M. J. · Eklund, J. A.
Center for Diagnostic Radiology
Minneapolis, MN
PURPOSE
Diskography commonly is performed to investigate pain of
suspected disckogenic origin. Although uncommon, diskitis
is a feared complication of this procedure. We reviewed the
incidence of diskitis and other infectious complications fol-

PURPOSE
To evaluate the application of MR perfusion-weighted imaging (PWI) and diffusion tensor imaging (DTI) in tumor-like
lesions in the cervical spinal cord.
MATERIALS & METHODS
Cervical dynamic susceptibility contrast (DSC) GRE PWI
and cervical DTI(EPI sequence TR/TE = 10000/85, b-value
1000s/mm2, 25 directions; field of view was 20, slice thickness 4 and gap 0) scans were done on eight patients with GE
1.5 T MR scanners using 8 channel neurovascular coils. One
patient accepted a repeated cervical MR PWI; and one
patient repeated cervical DTI examination. Trace apparent
diffusion coefficient (trace ADC) and fractional anisotropy
(FA) of DTI and relative blood volume (rBV) in the PWI
were calculated by Functool on a GE workstation.
RESULTS
There are 4 patients whose cervical spinal cord lesions had
decreased rCBV compared to the contralateral side. One
patient had radiation injury for medulloblastoma which was
confirmed by progressive decreased perfusion of a follow-up
PWI examination. Three patients had myelomalacia including one that was because of postcervical meningioma resection; the other two were sequela of demyelinating disease.
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CONCLUSION
Perfusion-weighted imaging of the cervical spinal cord
could detect perfusion changes of cervical spinal cord
lesions, while DTI showed decrease in anisotropy of these
lesions. Combining cervical PWI and DTI could supply
more information about the clinical diagnosis of tumor-like
lesions in the spinal cord.
KEY WORDS: Tumor, perfusion-weighted imaging, diffusion
tensor imaging
Paper 95 Starting at 4:11 PM, Ending at 4:19 PM
Vertebroplasty for Burst Fractures
Hiwatashi, A. · Westesson, P. A.
University of Rochester Medical Center
Rochester, NY
PURPOSE
To evaluate safety of vertebroplasty for burst fractures.
MATERIALS & METHODS
We performed vertebroplasty in 21 patients (25 vertebrae)
with painful osteoporotic burst fractures and evaluated outcome with respect to pain relief and complications. We had
MR imaging prior to treatment and CT after treatment.
Retropulsion of bony fragment was measured. We followed
the patients for 2 months on average and evaluated pain
relief and late complications.
RESULTS
Mean retropulsion of bony fragment was 4.2 mm before and
4.4 mm after vertebroplasty. There was no statistically significant difference in retropulsion (P > .05). No neurologic
complication was observed. Ninety-five percent (20/21) of
the patients showed significant pain relief. Forty-three percent (9/21) of the patients showed new fracture in adjacent
vertebrae within 1 year after the procedure.
CONCLUSION
Percutaneous vertebroplasty can be performed safely for the
patients with osteoporotic burst fracture.

Paper 96 Starting at 4:19 PM, Ending at 4:24 PM
CT-Guided Epidural Fibrin Glue in the Treatment of
Spontaneous Cerebrospinal Fluid Leak Headache
Chan, C. E. · Nelson, K. D. · Trentman, T. L. · Seamans, D.
P. · Patel, N. P. · Dodick, D. W. · Schwedt, T. J.
Mayo Clinic Scottsdale
Phoenix, AZ
PURPOSE
Report on successful treatment of a spontaneous cerebrospinal fluid leak headache with percutaneous fibrin glue.
MATERIALS & METHODS
Case report: A 44-year-old male presented to the emergency
department for severe headache. He denied a history of connective tissue diseases, trauma to the head, or spinal surgery.
CT of the head was unremarkable. Cerebrospinal fluid (CSF)
analysis did not reveal evidence of bacterial meningitis. He
was diagnosed with nonspecific viral headache and discharged with narcotic analgesics. Ten days later, the patient
revisited the emergency department with a persistent
headache, new onset of right-sided facial weakness, and
meningismus. MR imaging of the brain with gadolinium
demonstrated thickened dura surrounding the hemispheres
and thickening of the tentorium with uniform smooth
enhancement of the dura and tentorium. The cerebellar tonsils
were low-lying. MR imaging of the spine demonstrated
decrease in the size of the thecal sac with epidural collection
of fluid surrounding the thecal sac extending throughout the
entire spine, consistent with a large CSF leak. However, the
exact location of the leak could not be identified. A lumbar
epidural blood patch (EBP) was performed without any
improvement. A CT myelogram of the spine revealed a large
volume CSF leak with contrast extending from C2 to the
lower lumbar spine. Noted was a dense contrast collection
medial to the right T4 pedicle (Fig. 1). Also seen was a possible small extraarachnoid fluid collection at T3 on the left and
some widening of the contrast column at T4 on the left. These
findings suggested that the leak was most likely at the right T4
level. An EBP was performed at the T5 level under CT guidance. His verbal pain score subsequently decreased from an 8
to a 4/10. Because of persistent residual headache, the patient
was referred to neurosurgery. He next underwent a right T4
transforaminal fibrin glue patch under CT guidance (Fig. 2).
He reported immediate improvement of his symptoms after
the procedure with a verbal pain score down to 2/10.
Imaging findings:

KEY WORDS: Vertebroplasty, burst fracture

RESULTS
He was able to return to work and only has a mild headache
with head movements. No further interventions were

Monday

There are four patients whose lesions had increased rCBV
compared to the contralateral side. One patient had ependymoma, one meningioma, one sarcoidosis, and one patient
had recovering Brown-Sequard syndrome after trauma. Four
of the cervical DTI data analysis, mean FA value of all these
lesions were lower than the contralateral side, paired t test, P
< 0.01.
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required at 4-week follow up.
CONCLUSION
Percutaneous epidural injection of fibrin glue with CT guidance should be considered as a treatment option for spontaneous CSF leak headache when the patient fails to respond
to conservative management and epidural blood patching.
Patients can avoid surgical repair if successfully treated.

engorgement in an effort to replace the CSF volume caused
by relative CSF hypovolemia due to the leakage of CSF. The
association of connective tissue disorders including EhlersDanlos and Marfan syndromes with multiple CSF leaks has
been documented in the past and explained on the basis of
preexisting dural weakness due to a defective collagen
matrix. Our patient exhibits only minimal stigmata of a connective tissue disorder such as moderate hypermobility of
joints.

KEY WORDS: Fibrin glue, cerebrospinal fluid leak, headache
Paper 97 Starting at 4:24 PM, Ending at 4:29 PM
Extensive Multilevel Cerebral Spinal Fluid Leaks in
Spontaneous Intracranial Hypotension: Stigmata of
Connective Tissue Disorder
Supsupin, E. P. · Lerom, J. · Cacayorin, E. · Hochhauser, L.
University of Texas Medical School Houston
Houston, TX
PURPOSE
Intracranial hypotension (IH) has been recognized as a cause
of postural headaches usually resulting from CSF leaks,
most commonly due to diagnostic lumbar punctures. The
condition is usually benign and may resolve with conservative management, which occasionally requires additional
treatment with an epidural blood patch. Spontaneous
intracranial hypotension (SIH) on the other hand probably
arises due to preexisting dural weakness and may not
respond readily to conservative treatment or even blood
patches. We report a case of a 14-year-old girl who spontaneously developed SIH and was confined to her bed for the
past 5 years due to debilitating postural headaches. Leakage
of CSF was postulated as a cause but was not demonstrated
until admission to our Pediatric Neurology service.
MATERIALS & METHODS
CT myelograms were done before and after serial blood
patches in the lumbar and thoracic regions. The extent of the
blood patches was assessed by admixture of radiographic
contrast and to the autologous blood injection. Technetium
pertechnetate was used also at the initial blood patch. MR
imaging was done without and with enhancement prior to the
initial myelogram.
RESULTS
Initial lumbar puncture showed extensive bilateral epidural
contrast leakage along nerve root sleeves in the lumbar, thoracic, and lower cervical spine and an associated low opening pressure. Opacification of the renal collecting systems
was noted during the intrathecal contrast injection. Repeat
study after epidural blood patches showed less extensive
epidural leakage, a normal opening pressure and diminished
opacification of the renal collecting systems. While there
was marked radiographic improvement of the CSF leaks by
imaging, the clinical symptoms had not resolved, however.
Epidural blood patches usually are offered to successfully
treat single level CSF leaks and thus alleviate the patient’s
symptoms. Spontaneous leakage may not result from a single dural defect. Our patient presents such a case as it clearly demonstrates multiple levels of leakage at almost all
spinal levels. Postgadolinium MR imaging showed the
expected epidural enhancement, which probably is caused
by sluggish flow velocity due to compensatory venous

CONCLUSION
We report an extremely rare and unique case of debilitating
SIH leaving the patient confined to her bed for the past 5
years. The unique features in our patient are extensive bilateral CSF leaks from almost every spinal nerve root level in
the cervical, thoracic, and lumbar region demonstrated by
CT myelography. To our knowledge, no such case has been
reported in the literature before. Results of clinical and diagnostic follow-up studies including additional epidural blood
patches also will be presented.
KEY WORDS: Spontaneous intracranial hypotension, SIH,
connective tissue disorder
Paper 98 Starting at 4:29 PM, Ending at 4:34 PM
Directed Percutaneous C2/C3 Vertebroplasty in a Patient
with Fibrous Dysplasia Using Seldinger Technique
Christoforidis, G. A. · Dang, D. · Gabriel, J.
The Ohio State University
Columbus, OH
PURPOSE
This excerpta demonstrates the use of a directed catheter in
order to selectively deposit polymethylmethacrylate
(PMMA) into a vertebral complex where there is only one
possible point of access.
MATERIALS & METHODS
A 35-year old man was diagnosed with McCune-Albright
syndrome with polyostotic fibrous dysplasia presented with
a massively enlarged skull, Lhermitte’s sensation, and lightheadedness with neck motion. Surgical options included an
extensive anterior fusion from the clivus to C4 and a posterior occipitocervical fusion. Massively dilated extracranial
vasculature made this a high-risk surgical option.
Vertebroplasty, therefore, was considered for presurgical stabilization.
RESULTS
Radiologic studies demonstrated C2-3 fusion with a septated
lytic expansile lesion within the fused vertebral bodies.
Cervical cord atrophy was present at the C1 level where there
was a C1-C2 subluxation and an os odontoideum. It was felt
that the brittle fused C2-3 complex was unstable given a massively enlarged skull and therefore this patient was prone to
fracture with cord injury. Preoperative evaluation of cervical
vascular anatomy was performed with CT and conventional
angiography. Under CT guidance, an 11 French biopsy cannula was advanced through the left C3 pedicle into the fused
vertebral body via a posterolateral approach. CT guidance
was preferred over fluoroscopic methods because the
patient’s large neck, and extensive fibrous dysplasia of the
skull hindered adequate visualization of the C3 pedicle under
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tures without evidence of epidural or subdural collection.
The initial cervical spine MR imaging performed 3 days
after the CT demonstrates a ventral extradural collection
with mild mass effect on the thecal sac extending from C2 to
the upper thoracic spine with lateral extension into the neural foramina at multiple levels. This extradural collection
follows CSF signal intensity on all sequences. Cerebrospinal
fluid pulsation artifact within the collection is noted. There
is no evidence of hemorrhagic component or hematomyelia
on the gradient-echo sequences. The cord parenchyma signal
intensities are normal. The follow-up MR imaging 10 days
anon demonstrates resolution of the ventral extradural collection.

CONCLUSION
This excerpta demonstrates the successful use of a directible
catheter in order to deposit bone cement into a lytic vertebral
complex via a single point of access.
KEY WORDS: Vertebroplasty
Paper 99 Starting at 4:34 PM, Ending at 4:39 PM
Traumatic Extradural Hygroma of the Cervical Spine:
Rarely Imaged Relative of the Traumatic Intracranial
Subdural Hygromas
Shah, L. M. · Raghavan, P. · Sanderson, J.
University of Virginia Health Sciences Center
Charlottesville, VA
PURPOSE
Traumatic intracranial subdural hygromas have been
described due to small arachnoid tears. The corresponding
entity of an extradural collection in the spine may have a
similar pathophysiology but seldom is imaged. We present a
rare case of a delayed traumatic extradural collection in the
cervical spine.
MATERIALS & METHODS
We present a rare case of delayed development of an
extradural fluid collection in the cervical spine, which
demonstrated CSF isointensity on all MR imaging
sequences. The patient presented with a small avulsion fracture of the left occipital condyle in addition to multiple facial
fractures and supratentorial injury as a consequence of a
high-speed motor vehicle collision. Follow-up MR imaging
demonstrated resolution of this extradural collection. A
pseudomeningocele at the right C6-7 level was felt to be a
consequence of transverse process fractures. Different
pathophysiologic theories have been proposed for intracranial subdural hygromas, which may be extrapolated to this
case. A dural tear due to the condyle fracture may result in a
flap-valve effect such that a significant amount of CSF gets
trapped in the extradural space. Alternatively, damaged or
irritated capillaries may be responsible for the effusion at the
dural, arachnoid, or pial level.
RESULTS
The initial cervical spine CT demonstrates a small avulsion
fracture of the left occipital condyle at the insertion of the
alar ligament and right C6 and C7 transverse process frac-

CONCLUSION
Traumatic extradural hygroma of the spine is a rarely imaged
entity similar to the intracranial traumatic subdural hygroma
with a probable similar pathophysiology.
KEY WORDS: Extraarachnoid collection, traumatic spinal
hygroma
Paper 100 Starting at 4:39 PM, Ending at 4:44 PM
Lateral (Transverse) Atlanto Occipital Dislocation: A
Case Report and Images of a Survivor Who Incurred
Minimal Neurologic Deficit
Greiner, F. G. · Pollock, J. · Lovelady, C. · Weber, E.
University of South Alabama
Mobile, AL
PURPOSE
To demonstrate and discuss a lateral atlantooccipital dislocation in the survivor of major trauma which resulted in only
slight permanent neurologic deficit.

Monday

fluoroscopy. In addition, there was a high risk for inadvertent
puncture of the extensively enlarged vasculature surrounding
the upper cervical vertebral segments. Due to the extensive
development of the extracranial carotid and vertebral circulation only the right pedicle of C3 was readily accessible for
puncture. The patient then was transferred to the angiography
suite. Under biplane fluoroscopy, a 5 French JB1 catheter was
fashioned, by cutting off its tip, and advanced through the
cannula. The back end of a 0.035 guide wire was curved and
advanced through the catheter. Using Seldinger technique,
the catheter was advanced to the superior aspect of the C2-C3
fusion complex. This technique allowed for the deposition of
PMMA into the C2 vertebral body and additional bone
cement into other compartments of the fused C2 and C3 vertebrae. The patient reported symptomatic relief in the months
following the procedure and elected to postpone surgery.
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MATERIALS & METHODS
Atlantooccipital injuries are uncommon in survivors of cranial cervical trauma. This injury is much more common in
fatal injuries from major trauma, particularly pedestrians
struck by motor vehicles. Most atlantooccipital dislocations
(AOD) are either anterior or posterior dislocations of the
occipital condyles from the C1 ring. We present a case of the
survivor of a transverse (lateral) dislocation of the occipital
condyles who survived with a limited neurologic deficit.
RESULTS
A 25-year-old man suffered major injuries including a cervical cranial distraction in a work accident at a shipyard. In
spite of severe craniocervical soft tissue damage and lateral
dislocation, he suffered only slight permanent neurologic
deficits.

MATERIALS & METHODS
A 77-year-old woman presented with a 4-year history of low
back pain. Initial MR imaging at an outside institution
demonstrated an enhancing, expansile right L5-S1 neural
foraminal mass with bone remodeling and thecal sac compression. These findings were compatible with a peripheral
nerve sheath tumor. Prominent flow voids were identified
within the spinal canal and along the conus medullaris raising suspicion for a dural arteriovenous (AV) fistula. Despite
the flow voids, there was no cord signal abnormality.
RESULTS
The patient was referred for further evaluation and underwent
contrast-enhanced TRSMRA (Siemens Avanto 1.5 T, TR 3.14
ms, TE 1 ms, flip angle 15 degrees). A sagittal acquisition was
centered over the lumbar spine, and data were collected with
a temporal resolution of 4.4 s. Maximum intensity projections
were generated from each partition and stacked in a cine loop.
Review of these images showed early venous drainage into
the spinal venous system beginning at the mass and progressing cephalad. These findings were compatible with intratumoral AV shunting. The patient subsequently underwent
focused spinal angiography for purposes of mapping and
embolization. Intratumoral AV shunting was confirmed and
obliterated with liquid embolic material. Postembolization
TRSMRA was performed 3 days later and demonstrated no
evidence for residual or recurrent AV shunting and decrease
in size of the mass. Due to comorbid conditions, biopsy or
surgical resection of the mass was precluded.

CONCLUSION
This case represents a survivor of a previously undescribed
form of severe injury at the cranial vertebral junction. Only
limited permanent neurologic injury was present following
recovery from his injuries.
KEY WORDS: Cervical, spine, trauma
Paper 101 Starting at 4:44 PM, Ending at 4:49 PM
Time-Resolved Spinal MR Angiography Pre and
Postembolization of Peripheral Nerve Sheath
Intratumoral Arteriovenous Shunting
Hijaz, T. A. · Hopkins, J. K. · Shaibani, A. · Carroll, T. J. ·
Cashen, T. A. · Walker, M. T.
Feinberg School of Medicine
Chicago, IL
PURPOSE
To demonstrate the application of time-resolved spinal MR
angiography (TRSMRA) in a case of intratumoral shunting
within a presumed peripheral nerve sheath tumor. Timeresolved spinal MRA was performed using parallel imaging
and echo-sharing (TREAT) to diagnose intratumoral shunting and confirm obliteration after endovascular therapy.

CONCLUSION
Arteriovenous shunting is known to occur within the spinal
vascular system, typically in the form of a dural AV fistula or
AV malformations. These lesions often are evaluated via
catheter angiography and treated endovascularly.
Arteriovenous shunting within spinal tumors is encountered
less commonly but does occur as in our case. When spinal
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KEY WORDS: Spinal MR angiography, parallel imaging,
tumor arteriovenous shunting

Monday Afternoon
4:50 PM – 6:20 PM
Room 5AB
(15) Functional MR Imaging of the
Spinal Cord (ASSR)
Introduction to fMR Imaging of the Spinal Cord
— Timo Krings, PhD
Verification that fMR Imaging Detects Neuronal
Activity in the Spinal Cord
— Jane Lawrence, BSc*
Spinal fMR Imaging
— Patrick Stroman, PhD
Moderators:

Eric D. Schwartz, MD
Brian C. Bowen, MD, PhD, FACR

*PhD candidate, writing dissertation

Introduction to fMR Imaging of the Spinal Cord
Timo Krings, PhD
Dr. Timo Krings is Associate Professor of Neuroradiology at
the Department of Neuroradiology at Aachen University
Hospital, Germany and Visiting Professor at the Service de
Neuroradiologie Therapeutique, Hopital de Bicetre, Le
Kremlin-Bicetre, Paris, France. Since two years he is
appointed chief of Interventional Neuroradiology at Aachen
University Hospital. During his studies at Harvard Medical
School in Boston, USA he started his research on functional
MRI and its clinical applications. After returning to
Germany to perform his residency at the University Hospital
Aachen in Neurosurgery and Neuroradiology he continued
in this field and received his PhD for work on methods and
applications of combining functional MRI and fiber tracking

techniques for which he received the scientific award of the
German Society of Neuroradiology, the International Lucien
Appel Prize and the first prize of the German Society of
Biomedical Engineering. Although he did his fellowship in
Interventional Neuroradiology he continued his research of
functional MRI notably of the spinal cord. He has written
over 100 articles and 8 book chapters and is co-editor of the
Journal “Clinical Neuroradiology”. Recently, he received
the Scientific Award of the European Society of
Neuroradiology and was elected member of the educational
board of the ESNR.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the basics of functional MRI in the spinal cord
including anatomical characteristics, sources of artefacts and
potential paradigms.
PRESENTATION SUMMARY
Functional magnetic resonance imaging of the central nervous system has found broad clinical and research applications. In recent years various groups have shown that BOLD
fMRI is also possible within the spinal cord. However, when
performing fMRI of the cord, particular anatomical and
physiological conditions have to be considered:
1. The spinal cord is a comparably small structure. Although
it is largest in the cervical region, the diameter does usually
not exceed 13mm in the transverse direction and 8 mm in the
sagittal direction. The maximum cross-sectional area is 75
mm2 in the c5 segment. The volume of the cervical segments
varies between 800 and 1200 mm3. Especially the transverse
diameter is narrowing down to 9mm at the c8 segment and
even further in the upper thoracic spine. Accordingly, the
activations that may be demonstrated with fMRI can be
expected to have a small spatial extent, and therefore imaging with high spatial resolution at acceptable signal-to-noise
ratios is necessary.
2. The BOLD effect is based on oxygen level increase mainly in small venous structures, i.e. postcapillary venules.
Therefore, the venous anatomy of the spinal cord has to be
studied. Slightly different to the arterial supply of the spinal
cord, the draining venules are arranged in a radial pattern in
an axial plane until they reach the surface of the spinal cord.
At the surface there is an extensive venous plexus with multiple collaterals extending both up- and downwards. The
major part of the venous blood is drained into large anterior
and posterior midline veins, whereas the sulcal veins have
smaller diameters.
3. The spinal canal is surrounded by bony and ligamentous
structures which lead to magnetic field inhomogeneities and
susceptibility artefacts. The employed imaging technique
must be less susceptile for these artefacts, but still be susceptile for the oxygen dependent T2* contrast changes.
4. The spinal cord moves due to cardiac and respiratory
motion, leading to flow and pulsation phenomena of the surrounding CSF. For the imaging technique cardiac and respiratory gating has to be taken into consideration.
5. The time-course of the hemodynamic response function in
the spinal cord is not yet known. The statistical model currently used originates from imaging studies of the cerebral
cortex and has not yet been verified for the spinal cord.
We therefore think that, although BOLD imaging in the
spinal cord is promising, the results still have to be interpreted with caution.

Monday

AV shunting is suspected, the gold standard for evaluation is
catheter angiography, which is expensive, time-consuming
and not without risk to the patient. Newer imaging techniques such as TRSMRA not only confirmed the suspected
diagnosis in our patient but also established directionality of
flow and persistent obliteration on follow-up imaging. In
addition, TRSMRA allowed for a focused conventional digital subtraction angiogram significantly reducing the time,
cost, and risk of the procedure to the patient.
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Verification that fMR Imaging Detects Neuronal Activity
in the Spinal Cord
Jane Lawrence, BSc
Jane Lawrence completed her BSc in Biology at the
University of Winnipeg before entering graduate studies in
the Department of Physiology at the University of Manitoba.
She is expected to complete her PhD dissertation entitled
“Verification of the use of functional magnetic resonance
imaging to detect areas of neuronal activity in the spinal
cord” this summer. She has been part of the spinal fMR
imaging research group at the Institute for Biodiagnostics in
Winnipeg for 5 years. While the majority of her work has
been with animals she also has been involved in human
spinal fMR imaging studies in Winnipeg and in the
Department of Neuroradiology at the University Hospital in
Zurich, Switzerland.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Demonstrate a relationship between spinal cord fMRI
results and neuronal activity observed by direct techniques in
experimental animals.
2) Examine the existing animal research in spinal fMRI and
potential applications for animal models.
PRESENTATION SUMMARY
The relationship between functional MR imaging (fMRI)
activity and neuronal activity in the rat spinal cord will be
presented. The spine and spinal cord anatomy make imaging
more difficult than brain imaging and there are additional
possible sources of noise. Validation of spinal fMRI is essential to demonstrate that the technique can be used for assessment of spinal cord function clinically. The relationship
between areas of fMRI activity and neuronal activity can be
verified by comparison with “gold standards” such as
immunohistochemistry and electrophysiology. Areas of
functional activity determined by fMRI and the areas of
expression of c-fos, a known marker of neuronal activity will
be presented. Functional MR imaging activity will also be
compared to the pattern of extracellular local field potentials
observed in the rat spinal cord. Correspondence between
fMRI activity and neuronal activity observed by direct methods confirms that spinal fMRI can be used to non-invasively
evaluate sites of neuronal activity. The emerging techniques
and potential applications of animal models of spinal fMRI
also will be discussed.

Spinal fMR Imaging
Patrick Stroman, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Demonstrate a relationship between spinal cord fMRI
results and neuronal activity in healthy human volunteers
2) Review the difficulties and pitfalls in performing spinal
cord fMRI, and discuss methods to improve reproducibility
and reliability for detection of neuronal activity

PRESENTATION SUMMARY
The most recent advances in the application of functional
magnetic resonance imaging (fMRI) for detecting neuronal
activity in the spinal cord, will be presented. The development of spinal fMRI, and the verification that spinal fMRI
demonstrates neuronal activity in the spinal cord, will be
presented briefly. The method has been developed over the
past 7 years and has been verified, but has not yet been used
as a clinical tool. As with brain fMRI there are sources of
uncertainty that need to be reduced or eliminated in order to
obtain reliable results in individual experiments. The dominant sources of uncertainty are demonstrated to be motion
artifacts, and motion of the cord itself, arising from blood
and CSF flow. Methods of reducing the errors caused by
these effects will be presented, as well as analyses of the
effectiveness and reliability of the resulting methods. The
most recent spinal cord fMRI data acquisition methods have
been developed to be practical for clinical use on most current MRI systems without modification. Details of the current methods will also be presented.

Monday Afternoon
4:50 PM – 6:20 PM
Ballroom 6ABCF
(16) Pediatric Case-Based Studies
(ASPNR) – Audience Response
System (ARS)*
Speakers to be determined.
Moderators:

Charles M. Glasier, MD
Gary L. Hedlund, DO

*An educational grant was received by Berlex in support of the Audience Response System (ARS) used in
the Pediatric Case-Based Session.
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4:50 PM – 6:20 PM
Ballroom 6DE
(17) Advanced Imaging Seminar –
Diffusion
Basics of Diffusion and Stroke
— Richard Frayne, BASc, PhD
Diffusion Tensor Imaging: Use of Fractional
Anistropy
— Aaron S. Field, MD, PhD
Diffusion Tensor Imaging: Use of Fiber Tracking
— Pratik Mukherjee, MD, PhD
Moderators:

Timothy P.L. Roberts, PhD
Aaron S. Field, MD, PhD

Basics of Diffusion and Stroke
Richard Frayne, BASc, PhD
Dr Richard Frayne is an Associate Professor in the
Departments of Radiology and Clinical Neuroscience and a
member of the Hotchkiss Brain Institute at the University of
Calgary. He is also a Scientist at the Seaman Family MR
Centre, Foothills Medical Centre, Calgary Health Region. In
2003 he was appointed a Canada Research Chair in Image
Science. He also holds a Senior Medical Scholar salary-support award (2005-2010) from the Alberta Heritage
Foundation for Medical Research (AHFMR). Dr Frayne's
research interests are in the development and application of
new magnetic resonance imaging techniques to the study,
detection and treatment of vascular disease. Current specific interests include imaging for stroke prevention and in
acute stroke; angiography in the lower limbs, and MR-based
endovascular therapy. Previously at the University of
Wisconsin (1994-1999) he helped develop time-resolved
contrast-enhanced MR angiography. He holds a PhD from
the University of Western Ontario (1994) and a BASc (1989)
from the University of Waterloo. The AHFMR, Canadian
Foundation for Innovation, Canadian Institutes for Health
Research, HSFC, and the National Science and Engineering
Research Council of Canada, currently fund his research. He
has more than 65 published or in-press peer-reviewed publications, more than 50 invited talks and over 220 scholarly
presentations.

PRESENTATION SUMMARY
Changes in the diffusion rate of water molecules are known
to accompany infracted tissue due to cerebral ischemia as
well as other pathologies. In stroke, the “ischemic cascade”
initially results in metabolic insufficiency, leading to a transfer of water from the extracellular to the intracellular space
(cytotoxic edema). Afterwards, breakdown of the bloodbrain barrier results in water leaving the vascular space and
entering the cellular compartment (vasogenic edema). Both
processes result in alterations in the distribution and amount
of water in the brain and, thus, alter the mean water diffusivity in tissue. By applying a strong diffusion-sensitizing
gradient, information about diffusion could be encoded into
the nuclear MR (NMR) signal. The sensitivity of the NMR
signal to changes in diffusion was known in the late 1960s
(1). In the early 1990s, diffusion-sensitizing gradients were
incorporated into MR imaging sequences and used to initially evaluate cerebral ischemia in animal models of stroke (2).
By combining diffusion-sensitizing gradients with fast single-shot echo-planar imaging (EPI) acquisition techniques, it
is now possible to use a relatively bulk motion-insensitive
MR imaging technique to follow diffusion changes in human
stroke. Recent developments include explorations designed
to determine the optimal imaging parameters in the setting of
stroke [summarized in (3)]. Non-EPI techniques (4) and parallel imaging (5) also have been proposed that improve
image quality issues associated with single-shot EPI, while
preserving motion insensitivity and diffusion weighting. The
objectives of this presentation will be to (a) review the principals of diffusion imaging and then (b) provide examples of
diffusion imaging in human stroke.
REFERENCES
1. Stejskal EO, Tanner JE. J Chem Phys 1965;42:288-292
2. Moseley ME, et al. Magn Res Med 1990;14:330-346
3. Lauzon ML, et al. Radiol Clin N Amer (in press, expected publication in May 2006)
4. Pipe JG, et al. Magn Reson Med 2002;47:42-52
5. Willinek WA, et al. Radiology 2003; 228:669-675

Diffusion Tensor Imaging: Use of Fractional Anisotropy
Aaron S. Field, MD, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the physical basis of diffusion anisotropy in CNS
white matter.
2) Discuss alternatives to common anisotropy measures for
tissue characterization.
3) Review applications of diffusion anisotropy to tissue characterization.
PRESENTATION SUMMARY
When diffusion tensor imaging (DTI) is applied to clinical
problems of tissue characterization, the most common
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Monday Afternoon

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the physical principles of diffusion imaging.
2) Describe the role of diffusion imaging in stroke.
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approach is to calculate scalar parameters related to the diffusion tensor, such as mean diffusivity (ADC) or fractional
anisotropy (FA), on a voxel-wise basis. Anisotropy maps are
now readily generated from diffusion-weighted images using
commercially available software packages and for many
users, these maps represent the final stage of DTI postprocessing undertaken (as opposed to the more complex 3D
tractograms that can be generated from DTI data). Some
users may take the additional step to generate directionallyencoded color maps, without going on to make 3D tractograms. This presentation will review the physical principles underlying diffusion anisotropy and the use of both FA
and directional maps to characterize pathologically altered
tissue. The potential to achieve greater pathologic specificity by making fuller use of the information contained in the
diffusion tensor also will be discussed.

Diffusion Tensor Imaging: Use of Fiber Tracking
Pratik Mukherjee, MD, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the scientific basis for DTI tractography, including its limitations.
2) Review the different techniques for DTI fiber tracking,
including their strengths and weaknesses.
3) Apply DTI tractography to presurgical white matter mapping.
4) Apply quantitative DTI tractography to the characterization of functionally-specific fiber tracts in the normal brain,
during development and aging, and in disease.
PRESENTATION SUMMARY
Diffusion tensor imaging (DTI) is an area of burgeoning
research in both technical refinements and clinical applications. Diffusion MR images reflect information on a microscopic spatial scale, allowing researchers and clinicians an
unprecedented ability to noninvasively probe tissue microarchitecture. White matter tracts in the human brain that have
fibers coherently organized into parallel bundles exhibit diffusion anisotropy: water diffusion along the direction of the fiber
tracts is greater than that perpendicular to the fiber tracts. With
DTI, the fiber orientation within these white matter tracts can
be determined; hence, fiber tractography based on DTI can
reveal the three-dimensional white matter connectivity of the
human brain. In this presentation, current techniques for performing DTI fiber tracking are examined, broadly categorized
into “deterministic” and “probabilistic” methods. The present
limitations of each of these methods are also considered, as
well as the issue of validating the results of fiber tracking.
Examples are provided of the normal anatomy of the human
brain delineated with DTI tractography, including the separation of associational, projectional, and commissural white
matter tracts. Areas of ongoing clinical research are reviewed,
emphasizing the presurgical mapping of white matter pathways in combination with functional localization techniques
such as functional magnetic resonance imaging (fMRI), magnetoencephalography (MEG), and intraoperative cortical
stimulation. Finally, newer high angular resolution diffusion
imaging (HARDI) techniques for tractography are introduced
that may overcome some of the limitations of DTI.

Monday Afternoon
5:00 PM – 6:00 PM
Room 2
(18) NLM Workshop:
PubMed/MedlinePlus Advanced Tips
and Tricks
— Linda Milgrom
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NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.
Traumatic Brain Injury: Imaging Update 2006

Tuesday Morning

(19) Maintenance of Certification
(MOC) – HEENT Review Session –
Audience Response System (ARS)*
— H. Ric Harnsberger, MD
Moderator:

H. Ric Harnsberger, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the Maintenance of Certification
(MOC) Review Sessions.

Tuesday Morning
9:00 AM – 10:00 AM
Ballroom 6ABCF

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the imaging options for evaluating the patient
with traumatic brain injury.
2) Illustrate the imaging manifestations of the various
injuries.
PRESENTATION SUMMARY
Significant neuroradiologic advances in the identification
and quantification of traumatic brain injury (TBI) have
occurred over the last decade. This presentation with briefly
review the role of CT, angiography, and MRI (including diffusion, perfusion, spectroscopy, susceptibility-weighted
imaging, fMRI, diffusion tensor imaging, MRA) as well as
additional imaging techniques that may not necessarily alter
patient management, but are nevertheless likely to lead us to
an improved understanding of the pathophysiology and
prognosis of TBI.

What Really Matters in Head Trauma
Lawrence Marshall, MD

Mild Head Trauma/Post Concussive Syndrome
Robert I. Grossman, MD

(20) General Session: Head Trauma –
Audience Response System (ARS)*
Traumatic Brain Injury: Imaging Update 2006
— Alisa D. Gean, MD
What Really Matters in Head Trauma
— Lawrence Marshall, MD
Mild Head Trauma/Post Concussive Syndrome
— Robert I. Grossman, MD
Moderator:

Alisa D. Gean, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the General Session.

Tuesday

8:00 AM – 9:00 AM
Ballroom 6ABCF

Alisa D. Gean, MD
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Tuesday Morning
10:30 AM – 12:00 PM
Ballroom 6ABCF

Tuesday

(21a) ADULT BRAIN: Functional
Imaging/MRS/High Field
(Scientific Papers 102 – 113)
See also Parallel Sessions
(21b) ADULT BRAIN: Cerebrovascular Occlusive
Disease
(21c) SPINE: Vascular, Trauma, CSF
(21d) ADULT BRAIN: New Techniques
Moderators:

Stephen Chan, MD
Emanuel Kanal, MD

Paper 102 Starting at 10:30 AM, Ending at 10:38 AM
Predictive Value of Modern Presurgical Brain Mapping
Ulmer, J. L.1 · Davtian, M.1 · Mueller, W. M.1 · Krouwer, H.
G. J.1 · Gaggl, W.1 · Prost, R. W.1 · Hacein-Bey, L.2 · DeYoe,
E. A.1 · Salvan, C. V.1
1

Medical College of Wisconsin, Milwaukee, WI, 2Loyola
University, Chicago, IL

PURPOSE
To determine the predictive value of modern presurgical
functional brain mapping.
MATERIALS & METHODS
The medical records of 51 preoperative cortical mapping
patients (fMRI) and 35 preoperative cortical and white matter mapping patients (fMRI and DTI) with brain tumors or
other resectable brain lesions were reviewed, to determine
the relationship between functional system proximity and
transient (as in the vast majority Of patients) or permanent
postoperative neurologic deficits, occurring during the first
week of postoperative observation. Lesions included
gliomas (40 patients), AVMs (6 patients), cavernomas (3
patients), tumofactive meningoencephalitis (1 patient) and a
leukoencephalopathy of uncertain etiology causing seizures.
Lesion border proximities of < 5 mm to visual, speech, language, premotor, and cortico-bulbar motor and corticospinal cortex and/or white matter were considered at risk for
a corresponding neurologic deficits. Sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and test efficiency of at risk designations were determined.

RESULTS
Of the 306 cortical functional regions considered in 51
patients, 38 true positive (TP) and 195 true negative (TN)
proximity risk designations were identified. Of the 210 functional systems assessed with cortical and white matter mapping in 35 patients, there were 38 TP and 97 TN proximity
risk designations. For cortical mapping, sensitivity = 76%,
specificity = 83%, PPV = 44%, NPV = 90%, and test efficiency = 78%. For cortical and white matter mapping, sensitivity and NPV increased to 96% and 98%, respectively,
specificity and PPV decreased to 59% and 33%, respectively, and test efficiency decreased to 64%. With cortical mapping, false-negative (FN) risk designations of the speech and
language system occurred in 22% of patients and of the
motor system in 22% of patients. Conversely, FN risk designations determined with the combined use of cortical and
white matter mapping occurred in the motor system in only
6% of the patients and was not observed for speech and language functions. The two motor deficits in this group were
transient and were believed to be potentiated by preexisting
vasogenic edema within motor white matter tracts.
CONCLUSION
By design, the information afforded by preoperative mapping influences surgical trajectory and resection strategies,
yielding a relatively low positive predictive value and test
efficiency at predicting the occurrence of postoperative neurologic deficits. The proportion of false-negative risk designations is reduced dramatically by the combined use of cortical and white matter mapping, compared to cortical mapping alone. This results in an extremely high sensitivity and
negative predictive value in establishing critical spatial relationships between eloquent functional networks and resected
tumor borders associated with neurologic deficits. Modern
presurgical brain mapping can therefore serve as an essential
component of risk assesments in neurosurgical patients.
KEY WORDS: Presurgical mapping, fMRI, DTI
Paper 103 Starting at 10:38 AM, Ending at 10:46 AM
Short-Term Effect of Violent Video Game: A Functional
MR Imaging Study of Emotional Face-Matching Task
Wang, Y. · Mathews, V. · Kalnin, A. · Mosier, K. · Dunn, D.
· Kronenberger, W.
Indiana University School of Medicine
Indianapolis, IN
PURPOSE
To determine the short-term effect of video game-playing on
brain function, the BOLD responses to an emotional facematching task were measured immediately after playing a
violent or nonviolent video game.
MATERIALS & METHODS
Fourteen healthy adolescents were included in this report.
All subjects and their parents rated the subjects’ violent
media exposure (VME) in the past. Subjects were assigned
randomly to two experimental groups, seven per group.
These two groups did not differ on gender, age, and IQ.
Immediately before the fMRI scan, one group played a violent video game (Medal of Honor) for half hour, while another group played a nonviolent video game (Need for Speed).
The paradigm consisted of five alternating control (3) and
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RESULTS
Behavioral data showed no statistically significant group difference in accuracy or reaction time for either emotional or
control phases of the emotional face matching task. After
controlling for effect of VME, the group playing the nonviolent game showed robust BOLD response associated with
perceptual processing of fearful and angry facial expressions
in the right amygdala, bilateral DLPFC and ventral PFC,
ACC and pre-SMA and visual cortex, whereas group playing
violent game demonstrated only activation in right amygdala, bilateral DLPFC and visual cortex. Direct group comparison showed greater activation mainly in bilateral DLPFC
in the group playing the nonviolent game compared to the
group playing the violent game. The latter did not show any
significantly greater response than the former.
CONCLUSION
Previous studies suggested the existence of a functional network in which cognitive engagement of neocortical regions,
especially the PFC, leads to the modulation of amygdala
activity. The decreased activity of DLPFC in subjects playing a violent video game may reflect decreased capacity for
active emotion regulation through such “top-down” processes as a result of such game playing.

childhood. Functional evaluations included four monocular
sessions, two stimulations per eye. Alternating rest and
active phases displayed stationary and flickering black and
white checkerboards with spatial and temporal frequencies
of 1°/8 Hz and 15’/4 Hz. Statistical analysis using SPM99®
referred to a Fourier sinusoid model to compare the four sessions in individuals.
RESULTS
Volunteers displayed responses in V1, V3, V5 with higher
amplitudes issued from the predominant eye. In patients presenting a visual acuity of the amblyopic eye inferior to 0.7
according to Monoyer visual charts, the stimulation of this
latter eye induced lower response in V1, V3, and V5 in comparison with the contralateral eye. Unexpectedly, in patients
recovering normal or subnormal acuity (at least 0.7), the
amblyopic eye gave comparable or enhanced response in
these areas. Additional response was found in secondary
visual cortex, in the cuneus, the lingual gyrus, in parietal,
frontal, and orbito frontal areas.
CONCLUSION
These results suggest changes in cortical response according
to the efficacy of the treatment. Recovered amblyopic eye
may induce an enhanced cortical sensitivity to visual stimulus. Secondary visual areas may contribute to an attentional
process in image perception and analysis. Cortical plasticity
may be observed several years after amblyopia treatment.
Our study emphasizes the importance of an early treatment
of functional amblyopia, inducing cortical plasticity with
reinforced sensitivity to visual perception.
KEY WORDS: Amblyopia, functional MR imaging, cortical
plasticity
Paper 105 Starting at 10:54 AM, Ending at 11:02 AM
Mapping Cortical Networks in Human Motor Function
Using Transcranial Magnetic Stimulation Combined
with Diffusion Tensor Tractography
Roberts, D. R. · Mukherjee, P.
University of California San Francisco
San Francisco, CA

KEY WORDS: Functional MR imaging, video game, emotion
Paper 104 Starting at 10:46 AM, Ending at 10:54 AM
Functional MR Imaging Evaluation of Cortical Response
in Treated Strabismic Amblyopia
Nguyen, T. H. · Stiévenart, J. L. · Le Gargasson, J. F. ·
Pelegrini-Issac, M. · Rigolet, M. H. · Blanck, M. F. · Yoshida,
M. · Bellinger, L.
C.H.N.O. des XV-XX
Paris, FRANCE
PURPOSE
Using functional MR imaging (fMRI) we evaluated the visual cortical response in treated amblyopic patients.
MATERIALS & METHODS
Clinical statement and fMRI were achieved in five volunteers and in 10 patients, seven men and three women, from
21 to 59 years old, presenting strabismus treated during

PURPOSE
In patients, we have demonstrated previously the feasibility
of combining intraoperative mapping and diffusion tensor
imaging (DTI) (1). However, this technique is limited as
only surgical patients with diseased cortex can be studied.
Transcranial magnetic stimulation (TMS) offers a method of
safely studying motor function in healthy human subjects as
well as patients preoperatively. Transcranial magnetic stimulation is an active mapping technique and, unlike previously
used functional mapping methods such as fMRI or MEG
which passively map motor activation, more closely resembles the intraoperative mapping techniques of the neurosurgeon. During TMS, a current is passed through a hand-held
coil which creates a brief magnetic pulse. The magnetic
field, which passes the scalp and skull painlessly, induces a
focal electrical field within cortex causing depolarization of
neurons and contraction of contralateral muscles. We have
used TMS and DTI to evaluate the corticospinal tract of a
normal volunteer.

Tuesday

emotion (2) 30-second blocks. In the control phase, subjects
were required to match one of two geometric shapes with a
simultaneously presented target shape. In the emotion phase,
subjects were instructed to select one of two facial expressions (either angry or afraid) that matched that of a simultaneously presented target facial expression. Emotional photos
were derived from a standard set of pictures of facial effect.
All stimuli were presented for a period of 5 sec. Subjects
responded with button presses using their dominant hand
during scanning. Functional MR imaging data were acquired
on a 3 T MR scanner using 2D gradient echo EPI sequence
with parameters: TR/TE = 2000/30 ms; thirty-three 3.5 mm
contiguous axial slices for 91 repetitions. Functional scan
data were analyzed using AFNI. General lineal task was performed using a gamma variate function to create individual
activation maps. All single subject maps were transformed
into Talairach space. Using VME score as covariate, ANCOVA was performed to generate group maps.
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MATERIALS & METHODS
A normal subject underwent 3 T MR imaging to obtain a
high-resolution structural scan along with DTI. The structural scan was transmitted to a neuronavigational system which
provided stereotactic guidance for TMS application. Next,
single-pulse TMS was performed to identify sites along the
left cortical surface that lead to contraction of the contralateral abductor pollicis brevis (APB) muscle. These sites were
labeled on the structural scan, which then was coregistered
with diffusion tensor images. Three-diemnsional diffusion
tractography was performed using each cortical activation
site as a seed point.
RESULTS
Transcranial magnetic stimulation revealed multiple sites
that caused activation of the contralateral APB. The site of
strongest contraction localized laterally along the precentral
gyrus. Using this site as a seed for tractography, white matter fibers were traced that lead to the posterior aspect of the
“hand knob” (Fig). Additional sites of TMS motor activation
were found along the postcentral gyrus and 2 centimeters
anteriorly in the expected location of premotor cortex. A
higher TMS power setting was required to cause contractions of the APB from these sites. Tractography from these
sites revealed white matter pathways that paralleled the tract
seeded from primary motor cortex. Intracortical tracts connecting motor, premotor, and somatosensory cortices also
were revealed.

CONCLUSION
The unique combination of TMS and DTI fiber tracking
promises to be an important technique for investigating the
functional connectivity of the human brain. In patients,
information obtained in a manner more physiologically similar to intraoperative mapping can be provided to the neurosurgeon preoperatively.
REFERENCES
1. Henry, et al. Neuroimage 2004

KEY WORDS: DTI, TMS, functional

Paper 106 Starting at 11:02 AM, Ending at 11:10 AM
High-Angular-Resolution Diffusion Imaging of
Interhemispheric Connectivity in the Normal Human
Brain and in Agenesis of the Corpus Callosum
Hess, C. P. · Mukherjee, P. · Sherr, E. H.
University of California San Francisco
San Francisco, CA
PURPOSE
Abnormalities of commissural tracts have been implicated in
disorders ranging from callosal dysgenesis to schizophrenia
and Alzheimer’s disease. Diffusion tensor imaging (DTI) has
revolutionized the noninvasive evaluation of white matter
pathways, including the corpus callosum. However, the
inability of DTI to resolve crossing fibers in regions of complex white matter architecture presents a significant obstacle
to delineating the course of both homotopic and heterotopic
interhemispheric projections (1). In this study, high angular
resolution diffusion imaging (HARDI) is applied to improve
visualization of these tracts in normal volunteers and in a
subject with agenesis of the corpus callosum (ACC).
MATERIALS & METHODS
High angular resolution diffusion imaging was performed on
four young adult volunteers and one 17-year-old subject with
ACC using a 3 T Signa EXCITE MR scanner (General
Electric, Milwaukee, WI). Whole-brain data at 2.2 mm
isotropic voxel resolution were acquired in 15 minutes using
an echoplanar spin-echo sequence (TR = 8.2 s, TE = 82 ms,
NEX = 1) with 55 diffusion gradient directions, b = 3000
s/mm2 and parallel imaging using an 8-channel head coil.
Reconstruction of the fiber orientation distribution function
(ODF) was performed with the q-ball method (2) using
spherical harmonic basis functions (3) and compared with
the results of diffusion tensor reconstruction.
RESULTS
High angular resolution diffusion imaging improved visualization of commissural pathways in regions of fiber crossing
that were not resolved with DTI. In normal volunteers, the
fiber bundles of forceps minor and major were discerned
readily in their intersections with the superior and inferior
longitudinal fasciculi. Fibers of the anterior commissure,
including a large posterior bundle that crossed through the
inferior fronto-occipital fasciculus to the inferior temporal
lobe, also were visualized. Complex white matter anatomy in
ACC was better visualized with HARDI than with DTI. In
the figure, Probst bundle (PB) fibers (green arrow) can be
followed through the ACC homolog of forceps minor (FM),
despite intersecting with other fiber pathways (red arrow).
The intertectal commissure, a subcortical projection connecting the superior colliculi that has been postulated to
allow interhemispheric transfer of visual information in
patients with ACC, also was identified.
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CONCLUSION
Compared to DTI, HARDI significantly improves visualization of both normal interhemispheric pathways and aberrant
pathways in ACC by allowing separate tracts to be distinguished in areas of complex white matter architecture where
there are fiber crossings. High angular resolution diffusion
imaging should enhance imaging studies of both normal and
disordered interhemispheric communication.
REFERENCES

CONCLUSION
MR spectroscopy of brain inflammation gives one pattern
for early disease phase in all inflammatory processes and
more specific patterns for the chronic phase of the disease.
The only specific characteristic of early inflammatory
processes that helps in differential diagnosis of low-grade
tumors with spectroscopy is invariable presence of CH3
groups in early inflammatory phase, and presence of lactate
while lactate presence in low-grade astrocytomas is more
rare and CH3 groups (0.9 ppm) are not present. Those two
components are the most probable origin of macrophage
metabolism.

1. Dougherty RF, et al. PNAS 2005;102:7350-7355
2. Tuch. Magn Reson Med 2004;52:1358-1372
3. Hess, et al. Proc ISMRM 2005;389
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Paper 109 Starting at 11:26 AM, Ending at 11:34 AM
Adaptation of Nonrectangular Volumes in Spectroscopic
Imaging by Increasing Spatial Resolution in 3D CSI

Paper 107 Starting at 11:10 AM, Ending at 11:18 AM
1H Spectroscopy of Brain Inflammation: Differences
between the Early and the Late Stage of the Disease

Rinnenthal, J. L. · Lanfermann, H. · Zanella, F. E. · Pilatus,
U.

Vucurevic, G.1 · Gotsis, S.2 · Stoeter, P.1

Klinikum der JW Goethe Universität
Frankfurt, GERMANY

1

University Mainz, Mainz,
Encephalos, Athens, GREECE

GERMANY,

2

Institute

PURPOSE
To find common and specific spectroscopic characteristics of
different inflammatory processes in the brain and changes of
the spectral patterns in the course of the disease.
MATERIALS & METHODS
Patients: Six with multiple sclerosis (2 with acute and 4 with
chronic MS plaques), 6 with brain abscesses (one case of neurolisteriosis with two lesions: in the stage of cerebritis and in
the form of developed abscess), 2 with ADEM (one with
series of 3 spectroscopies), 3 with Herpes encephalitis, 1 with
PML, 2 with AIDS-associated encephalitis, 1 with toxoplasmosis, 4 with autoimmune cerebral vasculitis and 2 with
Rasmussen syndrome (one with serial MRS and DFG PET).
Method: Single voxel spectroscopy using sequences: PRESS
with TE = 135-144 ms (or CSI with TE = 135 ms), PRESS
with TE = 30 ms or STEAM with TE = 20 ms and TR = 1500
ms using two 1.5 T MR scanners. Spectral evaluation was
made using MRUI and manufacturer supplied software.

PURPOSE
The limited spatial resolution and resulting partial volume
effects pose a problem in spectroscopic imaging. For
instance, in a cerebral tumor consisting of a central necrosis
and only a small zone of viable tumor tissue at the outer margin [typical for metastasis it is impossible in many cases to
place a single detection volume (voxel) in such a way that
the fraction of metabolic active tumor tissue is at least 80%
of the detection volume] (1). Such a constraint is essential
for the resulting NMR spectrum to exhibit a sufficient diagnostic value. Hence, in some clinical situations it would be
advantageous to adapt the detected volume to the anatomy of
the pathologic tissue.
MATERIALS & METHODS
The study was performed on a Magnetom Allegra 3 T scanner (Siemens, Erlangen, Germany) equipped with a CP
transmit/receive head coil for 1H-MRSI. Adaptation of
detection volumes was achieved by reducing the voxel size
in order to select solely tissue of diagnostic relevance. The
resulting loss in signal to noise ratio (S/N) can (in part) be
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RESULTS
Early phase of inflammation is characterized uniformly by
decrease of N-acetylaspartate, myo-inositol, some increase
in choline and presence of lactate in spectra (new MS
plaques, cerebritis phase of bacterial infection, early phase of
ADEM, and viral encephalitiden). CH3 groups also were
present in all cases. Chronic phases of inflammation gave
more specific patterns for different diseases that reflect: 1)
tropism in viral encephaliteden - with higher choline
increase in those that involved white matter (oligodendrocytes as primary target cells), 2) specific spectral patterns for
bacterial abscesses - presence of lactate, acetate, and amino
acids, 3) gliotic changes in MS - increased myo-inostiol and
choline signal, 4) seizure-induced lactate production, and
increased glutamate in Rasmussen syndrome, and 5) presence of lactate in chronic autoimmune cerebral vasculitides.
N-acetylaspartate is reduced significantly in all cases at late
stage of inflammatory processes.
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compensated by averaging of spectra from several voxels.
Such an approach requires: 1) acquisition of 3D CSI data at
a reduced FOV; 2) a postprocessing procedure which enables
selection of spectra from voxels in a 3D image. To avoid signal cancellation, individual spectra should be aligned and
equally phased. Thus, on the one hand a minimum of S/N is
required while, on the other hand, the point spread function
(PSF) should provide sufficient spatial resolution. Using a
specifically designed phantom for measuring the PSF, an
appropriate parameter set was established which was tested
with volunteers. The S/N and spatial resolution were compared to our standard 2D CSI protocol for routine clinical
examinations.

els. Two calibration phantoms (30, 90 mM) placed within the
field of view allowed quantification of the sodium signal as
a voxel-wise concentration. The TR was chosen to minimize
T1 saturation while short TE minimized T2 signal loss.
RESULTS
Total acquisition time was 4.2 minutes for a spatial resolution of 5 x 5 x 5 mm3. SAR was less than 50% of FDA guidelines even at short TR. Values of TSC in gray and white matter (40 +/- 5 mM) agree with published results (1).

RESULTS
With the new 3D CSI protocol the spatial resolution was
improved by a factor of 2. At a slightly reduced total acquisition time of 15 min (vs 16.5 min) the S/N of the individual
spectrum was reduced to 1/3 of the standard 2D protocol.
The rather moderate loss in sensitivity is caused by the special advantage of using weighted circular k-space encoding
for a 3D sequence. Addition of individual spectra from a
region which corresponds to a single voxel in the 2D protocol resulted in average spectrum with an S/N about ½ of the
respective 2D spectrum.
CONCLUSION
Three-dimensional CSI with weighted k-space encoding
scheme can improve the spatial resolution in spectroscopic
imaging by a factor of 2 while S/N is reduced only to 1/3.
Combined with the potential of image-guided selective addition of specific voxels the method can be used to measure
spectra from heterogeneous lesions with a spatial resolution
of approximately 4 mm.

Figure 1. Displays representative axial, coronal, and sagittal
examples of the first 9.4 T human brain sodium MR images
and corresponding TSC maps.

1. Herminghaus, et al. J Neurosurg 2003;98:74

CONCLUSION
Quantitative sodium imaging can be performed in humans in
4.2 minutes at clinically useful resolutions within FDA
guidelines for human SAR limits. This result with sodium
suggests that metabolic imaging of humans using other nonproton nuclei is possible at ultra-high magnetic fields (e.g.,
9.4 T) without limitation of SAR or dielectric resonance
effects that plague proton imaging.

KEY WORDS: Brain, 3D spectroscopic imaging
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Paper 110 Starting at 11:34 AM, Ending at 11:42 AM
Quantitative Sodium MR Imaging of the Human Brain
at 9.4 T

KEY WORDS: Sodium MR imaging, metabolic imaging,
quantitation

Thulborn, K. R.1 · Boscamp, E.2 · Holdsworth, S.1 · Damen,
F.1 · Nauerth, A.3 · Claiborne, T.1 · Atkinson, I.1 · Zhou, X.1 ·
Li, B.2

Paper 111 Starting at 11:42 AM, Ending at 11:50 AM
7 T Human Brain MR Imaging: T1-, T2*-, and DiffusionWeighted Sequences

1

University of Illinois, Chicago, IL, 2GE Healthcare
Technologies, Waukasha, WI, 3Bruker Biospin MRI,
Ettlingen, GERMANY
PURPOSE
Quantitative tissue sodium concentration (TSC) is measured
at 9.4 T in the human brain by sodium MR imaging in less
than 5 minutes within clinical specific absorption rate (SAR)
limits.
MATERIALS & METHODS
Human sodium MR imaging was performed with a birdcage
RF coil (105 MHz) on a 9.4 T magnet with head gradients
(GE Healthcare, WI) and electronics (Bruker Biospin, MA)
supporting the twisted projection imaging sequence (TR =
120 ms, TE = 0.41 ms, radial fraction = 0.4, projections =
2070, gradient strength = 4 mT/m) and monitoring SAR lev-

Xu, D.1 · Kelley, D.2 · Mukerjee, P.1 · Metcalf, M. A.1 · Chen,
A. P.1 · Cunningham, C. H.1 · Hess, C. P.1 · Nelson, S. J.1 ·
Vigneron, D. B.1
1

University of California San Francisco, San Francisco, CA,
GE Healthcare Technologies, San Francisco, CA

2

PURPOSE
With FDA approval of 3 T MR scanners and the nonsignificant risk classification of 7 T, high-field MR imaging is
poised to advance clinical neuroradiology. However, despite
the greater signal-to-noise ratio (SNR) and spectral resolution afforded by 7 T compared to 3 T, challenges such as
dielectric effects, inhomogeneous excitation, specific
absorption rate (SAR) restrictions, and susceptibility artifacts must be addressed. Sequences routinely performed at 3
T may not be practical at 7 T. In this abstract, we optimize 7
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T acquisition techniques for T1- , T2*- , and diffusionweighted imaging (DWI) of the brain, and compare the
results to similar sequences at 3 T.

RESULTS
The greater susceptibility of 7 T GRE compared to 3 T
enables better delineation of small veins (Fig, right), and
should improve detection of cryptic vascular malformations
and of microhemorrhages in acute ischemia or traumatic
brain injury. 7 T IR-SPGR demonstrated excellent graywhite matter contrast with stronger flow-related enhancement of blood vessels (Fig, left) than at 3 T, suggesting that
time-of-flight angiography also may improve at ultra-high
field. The brighter intensity at the bottom right corner of the
image is due to coupling of the receive coil, which can be
eliminated by coil profile corrections. Routine echo-planar
DWI is not feasible at 7 T because of short T2* and B1 variations; however, SSFP can overcome these limitations. We
obtained high-resolution 3D SSFP DWI at 7 T within 8 minutes, with less anatomical distortion than echo-planar DWI
sequences.

CONCLUSION
Optimized sequences for T1-, T2*-, and diffusion-weighted
imaging at 7 T offer improved image quality over 3 T with
better SNR and greater sensitivity to susceptibility and flowrelated enhancement.
KEY WORDS: High field, MR imaging

Sair, H. I. · Mohamed, F. B. · Patel, S. · Kanamalla, U. S. ·
Hershey, B. · Faro, S. H.
Temple University Hospital
Philadelphia, PA
PURPOSE
To determine regional corpus callosal abnormalities and
structural abnormalities not evident via conventional MR
imaging in Marchiafava-Bignami disease (MBD) using diffusion tensor imaging (DTI) and fiber-tracking.
MATERIALS & METHODS
A 47-year-old female with a greater than 20-year history of
heavy alcohol consumption presented with acute psychosis.
Neurologic exam revealed evidence of interhemispheric disconnection. MR imaging on admission revealed atrophy of
the corpus callosum with an area of necrosis within the middle layer extending from the genu to the splenium, consistent
with MBD. Diffusion tensor imaging of the brain was performed using a 1.5 T scanner (TR = 8300 ms, TE = 89.2 ms,
FOV 229 x 299 mm, matrix 256 x 256, 2 acqusitions). In
addition to an image without diffusion weighting (b0), diffusion-weighted images were obtained in 26 directions for full
determination of the tensor, using b = 1000 sec/mm2.
Fractional anisotropy (FA) maps were calculated. Regions of
interest (ROI) were drawn on a mid-sagittal section of the
corpus callosum which was divided into 7 regions, and FA
values obtained on each ROI. Fiber-tracking was performed
on the same sagittal section using an ROI which encompassed the whole corpus callosum. The same process was
repeated on a normal control subject.
RESULTS
Fractional anisotropy values were diminished throughout the
corpus callosum in the MBD subject compared to the control
as noted in Table 1, markedly within the rostrum, genu, isthmus, and splenium. Fiber-tracking also demonstrated reduction of fiber density and length throughout the corpus callosum; paradoxically however, this was most pronounced in
the body with relative preservation of fibers within the genu
and splenium.
Fractional Anisotropy of Seven Segments of Corpus
Callosum in MBD vs. Control
Region of Interest
MBD
Control
Rostrum
0.32
0.60
Genu
0.29
0.65
Rostral Body
0.29
0.41
Anterior Midbody
0.27
0.38
Posterior Midbody
0.26
0.40
Isthmus
0.21
0.56
Splenium
0.30
0.70
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MATERIALS & METHODS
Six healthy volunteers were studied on 3 T and 7 T scanners
(GE Healthcare, Milwaukee, WI). 3 T images were acquired
using body coil excitation and an 8-channel receive-only
phased-array head coil. 7 T images were acquired using a
volume excitation head coil with a 16-channel receive-only
phased-array (USA Instruments, Cleveland, OH). The protocol included a T2*-weighted gradient-echo (GRE) sequence
with TE/TR of 15 ms/250 ms, flip angle of 20o, and 512 x
512 matrix; an inversion recovery spoiled gradient echo (IRSPGR) T1-weighted acquisition with 256 x 224 matrix, and
an inversion time of 600 ms (7 T) or 400 ms (3 T). Both GRE
and IR-SPGR sequences were done at a field of view (FOV)
of 22 cm and 2 mm slice thickness. A 3D steady-state free
precession (SSFP) diffusion-weighted sequence also was
performed with TE/TR 17 ms/35 ms, a 24 cm FOV, 3 mm
thick partitions, and 256 x 128 matrix on 6 orientations for
tensor reconstruction.

Paper 112 Starting at 11:50 AM, Ending at 11:55 AM
Diffusion Tensor Imaging and Fiber-Tracking in
Marchiafava-Bignami Disease
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CONCLUSION
Diffusion tensor imaging demonstrates regional abnormalities within the corpus callosum not evident on conventional
MR imaging. Fiber-tracking allows visualization of fiber
disruption corresponding to the clinical finding of interhemispheric disconnection which is characteristic of MBD.
KEY WORDS: Marchiafava-Bignami, diffusion tensor, tractography

Besada, C. H. · Morato, M. · Meli, F.

CONCLUSION
We want to share the remarkable imaging features of this
case. Even though the etiology could not be confirmed, herpes zoster virus infection was strongly suspected. This particular case allows the opportunity to nicely depict “in vivo”
the anatomy of central nucleus and tracts of the trigeminal
nerve.

Diagnóstico Maipú
Buenos Aires, ARGENTINA

KEY WORDS: Anatomy, trigeminal nerve

Paper 113 Starting at 11:55 AM, Ending at 12:00 PM
Gadolinium Tractography of the Trigeminal Nerve

PURPOSE
To show the remarkable features of a “gadolinium tractography” of the trigeminal cranial nerve with opportunity for
anatomo-imaging correlation.
MATERIALS & METHODS
Case report: We present a case of an atypical trigeminal neuralgia of 20 days evolution. After MR imaging exam was
performed, the patient was hospitalized and empirically
medicated.
RESULTS
Imaging findings: MR imaging showed signs of brainstem
edema and after gadolinium the entire cranial tracts from
spinal and pontine trigeminal nucleus were drawn, including
the fibers crossing to the contralateral thalamus: the
spinothalamic bundle!

Tuesday Morning
10:30 AM – 12:00 PM
Ballroom 6DE
(21b) ADULT BRAIN:
Cerebrovascular Occlusive Disease
(Scientific Papers 114 – 126)
See also Parallel Sessions
(21a) ADULT BRAIN: Functional Imaging/MRS/High
Field
(21c) SPINE: Vascular, Trauma, CSF
(21d) ADULT BRAIN: New Techniques
Moderators:

William T.C. Yuh, MD, MSEE
Doris D.M. Lin, MD

tuesday.qxp

3/9/2006

1:57 PM

Page 77

77
Paper 114 Starting at 10:30 AM, Ending at 10:38 AM
Quantification of Carotid Stenosis with Updated
Vascular Imaging Techniques

Paper 115 Starting at 10:38 AM, Ending at 10:46 AM
Predicting Intracerebral Hemorrhage in Acute Ischemic
Stroke Patients Using Permeability Measurements from
CT Perfusion Imaging

Fox, A.
Sunnybrook & Women's College Health Sciences Centre
Toronto, OH, CANADA

This paper was selected by the Eastern Neuroradiological
Society (ENRS) to receive the Norman E. Leeds Award for
best paper at its 17th Annual Meeting held in August 2005.

New York University Medical Center
New York, NY
PURPOSE
Intracerebral hemorrhage is a serious complication in acute
ischemic stroke, particularly in those patients who are treated with thrombolysis. The ability to detect those patients
who are at elevated risk of hemorrhage may be an important
factor in deciding which patients to treat with thrombolytic
therapy. The purpose of this study was to determine whether
elevated vascular permeability measured from CT perfusion
imaging is associated with subsequent hemorrhagic transformation in patients with acute ischemic stroke.
MATERIALS & METHODS
Fifty-eight patients presenting with neurologic deficit had
noncontrast head CT and CT perfusion (CTP) imaging in the
acute setting. CT perfusion imaging consisted of scanning
two 1.2 cm slices at the level of the basal ganglia during
dynamic contrast enhancement. Clinical data, therapy, and
all pertinent imaging studies were evaluated retrospectively.
For each CTP study, permeability maps were generated.
From these maps, mean permeability values were recorded
from four regions of interest placed in the abnormality and in
the contralateral brain. Follow-up noncontrast CT and/or
MR imaging was performed in all patients (1-15 days, mean
3.7 days, after presentation). Student’s t-test was used to
compare hemorrhagic and nonhemorrhagic groups.
RESULTS
Thirty-five patients (ages 33 - 91, mean 68 years) had evidence of acute ischemia on CTP and subsequent infarction
on follow-up imaging. Eighteen patients had no evidence of
infarction on either initial CTP or follow-up imaging. Five
patients had negative CTP studies, but had infarcts on follow-up MR imaging. All of these infarcts were in areas not
included on the CTP slices. Of the 35 patients with ischemia
on CTP, 12 received thrombolysis. Permeability on the
affected side was 0-8.11 mL/100 g/min (mean = 1.21, SD =
1.70) and on the contralateral brain was 0-0.408 mL/100
g/min (mean = 0.092, SD = 0.110). This difference was statistically significant (p = 0.0002). Five patients had hemorrhagic transformation within the follow-up period. Two of
these patients had been treated with thrombolysis. All hemorrhages occurred within 24-48 hours of initial presentation.
Permeability among the hemorrhage group was 2.55-8.11
mL/100 g/min (mean = 4.80, SD = 2.07). Among the nonhemorrhage group, permeability was 0-1.43 mL/100 g/min
(mean = 0.608, SD = 0.426). The elevated permeability in
the group that hemorrhaged was statistically significant (p <
0.0001). This statistically significant difference in permeability between the hemorrhage and nonhemorrhage group
was present even when the patients were subdivided into
those who were and those who were not treated with thrombolysis. Of note, the hemorrhages in the thombolysis patients
were much larger than those in the nonthombolysis patients.
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Major trials established utility for carotid stenosis revascularization, NASCET, ECST, and ACAS. They used percent
carotid stenosis from catheter angiography as an important
diagnostic determinant. We are used to stenosis categorized
as 50%, 70%, 85%, etc. However, there are different and
conflicting methods to derive percent stenosis, all based on
logical but different approaches that produce different numbers, yet all expressed as percent. The newer angiographic
modalities, CTA, MRA, and 3D DSA, benefit from many
improvements. Vascular images are multidirectional. They
can be reformatted into many different MPR and 3D displays. Arteries can be related spatially to other anatomical
structures. They have iso-centers with highly accurate mm
scales. CT angiography and MRA have great advantages
with capability to produce high-resolution vascular images
without stroke risk. Acquisition of CTA and enhanced MRA
is just a few seconds. Three-dimensional DSA of course still
has potential stroke risk, with the main advantage to produce
high quality vascular images even during prolonged
endovascular treatment sessions. A database was created of
268 carotids studied for stenosis, reviewed by two neuroradiologists blinded to other information. The narrowest portion of carotid stenosis was measured in mm from axial
source images, guided by reformats. Distal ICA was measured well beyond the bulb where walls are parallel.
NASCET-style ratios were calculated for each ICA. Near
occlusions were recognized and excluded from further ratio
study. Interobserver correlations were excellent and regression analysis of mean percent stenosis correlated well with
1.3 mm as 70% and 2.2 mm as 50%. NASCET-type percent
can be predicted from mm stenosis. Percent stenosis used to
be convenient to adjust for a lack of mm calibrations of
DSA. Now that accurate mm measures are done with the
new modalities, percent carotid stenosis, with all its pitfalls,
will end up as a relic of the past. Work still needs be done to
further translate endarterectomy trials into mm instead of
percent stenosis. A problem, of course, exists that the famous
endarterectomy trials were based on angiography that was
very crude compared to current abilities with CTA. Separate
experiments done with this database include identification of
near occlusion, using cross sectional areas, and evaluation
with other stenosis methods comparing to common carotid
diameters.

Lin, K. · Kazmi, K. · Law, M. · Babb, J. · Pramanik, B.
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CONCLUSION
Elevated permeability, as measured on CT perfusion imaging, is associated with hemorrhagic transformation in acute
ischemic cerebral infarction. Permeability therefore has the
potential to be an important pretreatment variable in determining the eligibility of thrombolytic use in acute stroke
patients and in predicting the risk of hemorrhagic transformation.

CONCLUSION
Early MRA-documented recanalization following iv tPA
therapy in the 3-6-hour treatment window correlates with
significantly improved cerebral perfusion and better clinical
outcomes. Reperfusion rates may differ for individual vessels; however, the overall rate of early complete recanalization is modest (22%) with iv tPA.
KEY WORDS: Ischemic stroke, MRA, diffusion imaging
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KEY WORDS: Stroke, permeability, hemorrhage
Paper 116 Starting at 10:46 AM, Ending at 10:54 AM
Association of Early Recanalization with Reperfusion
and Clinical Outcome Following Intravenous tPA at 3-6
Hours: Results of the DEFUSE Study
Marks, M. P.1 · Thijs, V. N.2 · Kakuda, W.1 · Wechsler, L.3 ·
Bammer, R.1 · Kemp, S.1 · Albers, G. W.1 · The DEFUSE
Study Group
Stanford University Medical Center, Stanford, CA, 2UZ
Gasthuisberg, Leuven, BELGIUM, 3University of
Pittsburgh, Pittsburgh, PA

Paper 117 Starting at 10:54 AM, Ending at 11:02 AM
Modified Ischemic Lesion Size and Location as
Measured by a Modified ASPECTS Score Predicts
Clinical Status in Acute Stroke Patients
Schaefer, P. W. · Nguyen, B. · Camago, E. · Koroshetz, W. ·
Gonzalez, R. G. · Lev, M. H.
Massachusetts General Hospital
Boston, MA

1

PURPOSE
The rate of early recanalization associated with iv tPA therapy,
as well as the relationships between early recanalization, tissue
reperfusion, and clinical outcomes, are not well established.
MATERIALS & METHODS
In this prospective, 7-center, NIH-funded study, MR angiography (MRA), diffusion imaging (DWI), and perfusion
imaging (PWI) were obtained in 70 consecutive acute
ischemic stroke patients (NIHSS ≥6). Scanning was done
immediately prior to and 3-6 hours after treatment with iv
tPA in the 3-6-hour window. A neuroradiologist blindly
assessed the MRAs and rated vessels as occluded, partially
occluded, normal, or unreadable due to scan quality. These
results were compared with PWI volumes and clinical
response using the NIHSS at 30 days.
RESULTS
The baseline MRA was of adequate quality to interpret in 64
patients (91%). Of these, 44 (69%) had a complete (N = 22)
or partial (N = 22) occlusion of an intracranial vessel appropriate to the stroke symptoms. The follow-up MRA (median
time from tPA bolus, 4.25 hours) was readable in 41 of these
44 patients (93%). Complete early recanalization occurred in
9 (22%) and partial recanalization in 9 (22%) for an overall
recanalization rate of 44%. Patients with complete recanalization had an 80% reduction in PWI volume compared with
a 57% reduction among those with partial recanalization and
a 9% increase if no recanalization occurred (ANOVA <
0.001). For lesions involving the M1 segment of the MCA
(alone or in conjunction with the ICA), the recanalization
rate was 46% [partial recanalization 23% (9/39), complete
recanalization 23% (9/39)]. For patients with an isolated M1
segment MCA occlusion (no ICA involvement) the recanalization rate was 40% [partial in 2/15 (13%) and complete in
4/15 (27%)]. Despite being significantly older (76 vs 65
years, p = 0.016) and having slightly higher baseline NIHSS
scores (14 vs 13), 44% of the patients with early recanalization had favorable clinical outcomes (NIH 0-1 or ≥8 pt
improvement) compared to 26% of those without early
recanalization, p = 0.22.

PURPOSE
The Alberta Stroke Program Early CT Score (ASPECTS) is
a grading system developed to assess early ischemic CT
changes in patients with acute middle cerebral artery (MCA)
stroke. Our purpose was to determine if a modified ASPECT
score (mASPECTS), obtained from MR perfusion and diffusion-weighted images (PWI/DWI), could predict discharge
clinical status, measured by NIHSS. We also sought to determine if we could predict hemiplegia or aphasia on the basis
of > 50% decrease in cerebral blood flow (CBF).
MATERIALS & METHODS
Forty-five patients (28 female, 17 male; ages 51-99 years,
mean 71 years) with acute MCA stroke, assessed with MR
DWI/PWI within 12 hours of symptom onset, were evaluated. Two experienced neuroradiologists(independently, followed by consensus) obtained mASPECTS scores on DWI,
cerebral blood volume (CBV), CBF, and mean transit time
(MTT) maps. For the mASPECTS score, 10 regions were
evaluated: 1) lentiform nucleus, 2) internal capsule, 3) caudate nucleus, 4) insula, 5) inferior frontal gyrus, 6) anterior
temporal lobe, 7) posterior temporal lobe, 8) middle frontal
gyrus, 9) precentral central gyrus, 10) postcentral gyrus and
inferior parietal lobes. Each region was rated on a scale from
0 to 4: 0 = uninvolved, 1 = possibly involved, 2 = punctate
foci, 3 = < 50% involved, 4 = > 50% involved. mASPECTS
for each map was computed for each patient by adding
scores for each region. An experienced neurologist extracted
discharge NIHSS scores from medical records. Spearman
correlation coefficients for NIHSS versus DWI, CBV, CBF,
and MTT mASPECTS scores were obtained. In addition,
CBF ratios (ipsilateral abnormal divided by contralateral
normal) in the corticospinal tract and left perisylvian region
were obtained. We then determined the predictive value of >
50% reduction in CBF for hemiplegia and aphasia at discharge.
RESULTS
Discharge NIHSS scores ranged from 0-30 (mean 7.1).
mASPECTS scores ranged from 2-32.5 (mean 10.3) for
DWI, 2-32.5 (mean 10.3) for CBV, 2-34.5 (mean 15.1) for
CBF, and 2-36 (mean 15.9) for MTT maps. There were significant correlations between the mASPECTS score and discharge NIHSS for all maps: for CBV maps r = 0.60, for DWI
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maps r = 0.60, for CBF maps r = 0.46, and for MTT maps r
= 0.48. The sensitivity and specificity for > 50% CBF reduction in the corticospinal tract versus hemiplegia at discharge
were 91.3% and 47.6%, respectively. The sensitivity and
specificity for > 50% CBF reduction in the left perisylvian
region versus aphasia at discharge were 78.6% and 93.3%,
respectively.

RESULTS
Mean qCBF values showed a statistically significant difference in normal and infarcted regions (p < 0.05). The
ischemic threshold for cell death in white matter and gray
matter were 17.5 ± 5.0 and 30.0 ± 10.0 ml/min/100 g respectively (Fig 1c, d). Sensitivity and specificity of infarction
detection were 83.3% and 80.8% for a threshold of 17
ml/min/100 g. Our qCBF calculation technique exhibited
high diagnostic accuracy (AUC = 0.88).

KEY WORDS: Acute stroke
Paper 118 Starting at 11:02 AM, Ending at 11:10 AM
Obtaining Ischemic Threshold for Cell Death in Acute
Stroke Patients Using MR Imaging qCBF Measurements
Rohany, M. · Shin, W. · Shaibani, A. · Khawar, S. · Schirf, B.
· Cashen, T. · Walker, M. · Harris, K. R. · Carroll, T. J.
Northwestern University
Chicago, IL
PURPOSE
Multiple studies of acute stroke have shown that in addition
to a “core” of irreversibly infracted tissue, there are surrounding areas, which are ischemic but still viable. This
potentially salvageable tissue is termed the “ischemic
penumbra” and is the target of stroke reperfusion therapy.
Studies also have demonstrated that areas of benign oligemia
also may be present, which would not progress to infarction.
Optimal acute stroke management needs imaging techniques
capable of differentiating the infarct core, the ischemic
penumbra, and areas of benign oligemia. A truly quantitative
CBF measure holds significant promise for allowing such
distinctions to be made. We have developed a method to
quantify CBF (qCBF) in acute stroke patients, and have
determined the ischemic threshold for cell death in acute
stroke. We demonstrate white and gray matter ischemic
thresholds and also showed the diagnostic accuracy of this
method for predicting ischemia.
MATERIALS & METHODS
The previously reported “Bookend Technique” for qCBF has
been added to our institute’s acute stroke imaging protocol.
This technique has shown strong correlation (r = 0.80, P <
10-7) with micropshere CBF measurements in a canine mode
of acute embolic infarction. Nine angiographically confirmed acute stroke patients were scanned using a 1.5 T scanner (Siemens Medical Solutions). Hyperintense regions on
diffusion-weighted MR images were defined as areas of
infarction (core). Quantifying CBF distributions of normal
and infarcted tissue were accumulated voxel-by-voxel, and
pooled over patients. Receiver operating characteristic

CONCLUSION
Ischemic threshold for cell death obtained with our technique are in close agreement with expectations based on PET
studies. This provides evidence that the Bookend technique
is accurate in altered hemodynamic settings.
KEY WORDS: Stroke, ischemic threshold, CBF
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CONCLUSION
The mASPECTS score is a reliable grading system for
assessing acute ischemic changes on DWI/PWI in acute
MCA stroke patients. Admission mASPECTS scores for all
DWI/PWI maps correlate with discharge NIHSS score.
Although DWI and CBV trended towards strong correlation
with discharge NIHSS, this relationship is in part dependent
on the degree of recanalization, which was not measured.
The finding of > 50% reduction in CBF in the cortical spinal
tract and left perisylvian region correlates highly with hemiplegia and aphasia, respectively. These results may lead to
the development of a “hazard” atlas of structure and function
that may predict clinical outcome in acute stroke.

(ROC) analysis was used to determine the diagnostic accuracy of the measured qCBF and to identify the ischemic
threshold for cell death (Fig 1a, b). The sensitivity, specificity, and area under the curve (AUC) were calculated from the
ROC curve.
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Paper 119 Starting at 11:10 AM, Ending at 11:18 AM
Perfusion CT: Additional Diagnostic and Prognostic
Information in Middle Cerebral Artery Stroke
Lopes, L.1 · Sousa, R.1 · Sequeira, P.1 · Pinho-Melo, T.1 ·
Michel, P.2 · Meuli, R.2 · Campos, J.1
Santa Maria Hospital, Lisbon, PORTUGAL, 2Centre
Hospitalier Universitaire Vaudois, Lausanne, SWITZERLAND

Tuesday

1

PURPOSE
With multidetector-row CT (MDCT) it is possible not only
to identify early signs of cerebral ischemia on nonenhanced
CT (NECT), but also to measure regional hypoperfusion
with perfusion CT (PCT). Based on specific patterns of
hemodynamic changes of cerebral blood flow (CBF), cerebral blood volume (CBV) and mean transit time (MTT), it is
possible to create probability maps of survival of brain tissue
and calculate the potential recuperation ratio (PRR). The differentiation between irreversible and reversible brain damage (tissue at risk), may become essential for choosing the
appropriate therapy. The purpose of this study is to assess the
sensitivity of NECT and PCT in the diagnosis of middle
cerebral artery (MCA) ischemic stroke and to evaluate its
association with the clinical outcome.
MATERIALS & METHODS
Thirty patients with MCA ischemic stroke underwent serial
NECT and PCT in the acute (M = 7.07 h; sd = 7.53; min =
0.50; max = 24), subacute (M = 5.0 days; sd = 2.57; min =
2.0; max = 14.0) and chronic phase (M = 39.1 days; sd =
8.15; min = 28.0; max = 61.0). Nonenhanced CT changes at
those three time points were quantified according to Alberta
Stroke Program Early CT Score (ASPECTS). In the acute
phase, PCT changes of MTT, cerebral ischemic volume, and
PRR were analyzed. In the subacute and chronic stage,
NECT and MTT values obtained with PCT were compared.
Clinical assessment and outcome was measured using modified National Institute of Health Stroke Scale (mNHISS)
and modified Rankin Scale (mRS).
RESULTS
Perfusion CT was more sensitive (83%) than NECT (70%)
in the diagnosis of acute ischemic MCA stroke. On admission, MTT values (r = 0.560) and cerebral ischemic volume
(r = 0.486) correlated with the clinical severity. In the subacute and chronic stage, NECT changes correlated with the
clinical outcome (r = -0.403 and r = -0.363). The PRR
decreased with time within the 24 hours of clinical onset.
However, within this time window, it showed considerable
individual variation.

CONCLUSION
The association of NECT and PCT allows very early confirmation of ischemic MCA stroke. Cerebral ischemic volume
on PCT correlates with clinical severity. The quantification
of PRR may provide an insight to the extent of penumbra,
which may be of paramount importance in the therapeutic
decision.
KEY WORDS: Perfusion CT, prognostic map, outcome
Paper 120 Starting at 11:18 AM, Ending at 11:26 AM
CT Perfusion Permeability Maps in Acute Ischemic
Stroke: Initial Experience
Schaefer, P. W. · Chang, R. · Lev, M. H. · Gonzalez, R. G.
Massachusetts General Hospital
Boston, MA
PURPOSE
Permeability imaging measures blood-brain barrier leakage
and has shown great potential in the assessment of brain
tumor vascularity. With severe ischemia, there is also bloodbrain barrier breakdown, but the role of permeability imaging has not been well characterized. We sought to assess the
clinical utility of CT permeability imaging in acute ischemic
stroke.
MATERIALS & METHODS
CT perfusion imaging was performed in 20 patients (10
males, 10 females, ages 41 - 89 years, mean 64 years) with
proximal MCA emboli treated with IA reperfusion therapy
(thrombolysis and/or clot retrieval) within 6 hours.
Quantitative CT cerebral blood volume (CT CBV) and permeability (CT P) maps were created using commercially
available deconvolution-based software; capillary permeability was calculated using the Patlak model. Abnormalities
on CT P were correlated with those of CT CBV and followup CT or FLAIR MR images.
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CONCLUSION
Changes in microvascular permeability can be visualized on
CT permeability maps in acutely ischemic brain tissue. The
CT permeability abnormality correlates well with the CBV
abnormality and typically represents “core” tissue destined
to infarct. Visual inspection suggested greater conspicuity of
lesions on the permeability maps compared to blood volume
maps, perhaps owing to decreased background noise related
to low baseline permeability in normal gray and white matter. Further investigation is warranted to determine if the
degree of permeability change is related to tissue viability
and the risk of hemorrhagic transformation. Further investigation also is warranted to assess the added value of permeability maps in acute stroke imaging compared to more commonly used CT perfusion maps.
KEY WORDS: Perfusion, ischemic stroke
Paper 121 Starting at 11:26 AM, Ending at 11:34 AM
Results of the Diffusion-Weighted Imaging Evaluation
for Understanding Stroke Evolution Study
Marks, M. P.1 · Moseley, M.1 · Thijs, V.2 · Lansberg, M.1 ·
Bammer, R.1 · Wechsler, L.3 · Schlaug, G.4 · Skalabrin, E.5 ·
Albers, G.1 · The DEFUSE Study Group
1

Stanford University Medical Center, Stanford, CA, 2UZ
Gasthuisberg, Leuven, BELGIUM, 3University of Pittsburgh
Medical Center, Pittsburgh, PA, 4Beth Israel Deaconess,
Boston, MA, 5University of Utah, Salt Lake City, UT
PURPOSE
Specific MR imaging sequences may be useful for identifying subgroups of patients with acute ischemic stroke who are
particularly likely to benefit from reperfusion therapy.
MATERIALS & METHODS
In this prospective, open-label multi-center NIH-funded
study, an MR imaging with diffusion and perfusion imaging
was obtained in 74 consecutive acute ischemic stroke
patients (NIHSS ≥6). Scanning was performed immediately
prior to and 3-6 hrs (median 4.25 hr) after treatment with iv
tPA in the 3-6 hr window. A mismatch (MM) was defined as
a PWI volume 20% larger than the baseline DWI volume.
Early reperfusion (ER) required a ≥30% and ≥10 cc reduction in PWI. The malignant MR imaging pattern (Malignant
MP) was a baseline DWI ≥100 cc or severe PWI lesion (≥8
seconds delay on Tmax) of ≥100 cc. Target mismatch

(TMM) excluded patients with the Malignant MP. Small
baseline lesion (Small lesion) was defined as a baseline DWI
and PWI volume both ≤10 cc. The primary endpoint was the
“clinical response” defined as an NIHSS 0-1 or ≥8 pt
improvement at 30 days. Modified Rankin scores were
determined at 90 days. Major symptomatic intracranial hemorrhage (SICH) required an NIHSS increase ≥4 pt.
RESULTS
MR imaging patterns and the clinical results with and without early reperfusion are summarized in the table.
N

Age

Baseline SICH
Clinical Rankin 0-2 Rankin 4-6
NIHSS
Response
All patients
74
70.6
13.0
7%
41%
45%
45%
MM/ER
17
78.6
14.6
18%
53%*
47%
47%
TMM/ER
14
79.9
13.6
0%
64%**
57%**
36%**
MM/no ER
16
67.4
12.8
0%
19%
19%
75%
No MM/ER
5
67.0
13.0
20%
20%
40%
60%
No MM/no ER 7
71.3
12.1
0%
57%
43%
43%
Small lesion 19
71.1
9.8
0%
58%
74%‡
16%‡
Malignant MP 6
62.8
17.5
50%†
17%
17%
67%
* p< 0.05 compared with MM / no ER
**p< 0.05 compared with TMM / no ER
† p= 0.00001 and ‡ p< 0.01 compared with all other MR imaging patterns.

Early reperfusion was associated with a favorable clinical
response in mismatch patients particularly those with a target mismatch. Patients without mismatch did not appear to
benefit from early reperfusion. The malignant pattern was
highly predictive of SICH, particularly for patients with
early reperfusion (p = 0.003 compared with early reperfusion
patients who did not have the malignant pattern). Patients
with small baseline lesions had favorable outcomes.
CONCLUSION
The diffusion-weighted imaging evaluation for understanding stroke evolution (DEFUSE) results support the concept
that MR imaging patterns can differentiate patient subgroups
that benefit from early reperfusion from those who do not
benefit, or may be harmed.
KEY WORDS: Ischemic stroke, diffusion imaging, perfusion
imaging
Paper 122 Starting at 11:34 AM, Ending at 11:42 AM
Brain Electrical Impedance Spectroscopy: Feasibility
Testing of a Novel, Portable, Prototype Device for RealTime, Noninvasive Stroke Assessment
Lev, M. H. · Iwaki, S. · Belliveau, J. W. · Schwamm, L. W. ·
Butler, W. · Angelone, L. · Schaecter, J. D. · Bonmassar, G.
Massachusetts General Hospital
Boston, MA
PURPOSE
Electrical impedance spectroscopy (EIS), an electroencephalographic (EEG) technique in which minute electrical
currents are actively applied across varying electrode pairs,
rather than passively recorded, is a safe, portable, noninvasive method for localizing impedance values in the brain.
Because edema and hemorrhage, which can both accompany
stroke, focally alter the electrical resistance of brain tissue,
we hypothesized that such changes could be detected and
localized by an existing, prototype EIS device developed by
our group.
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RESULTS
All of the CT permeability maps demonstrated regions of
increased permeability in the acutely ischemic MCA territory. In 15/20 patients (75%), the CT permeability and CT
CBV abnormalities had similar volumes (difference < 20%).
In 3/20 patients (15%), the CT permeability abnormality was
larger than the CBV abnormality (difference > 20%), whereas in 2/20 patients (10%), the CT permeability abnormality
was smaller than the CBV abnormality (difference > 20%).
In 18/20 patients (90%), the CT permeability abnormality
was smaller than and encompassed within the final infarct
volume. In only 2/20 patients (10%), did a portion of the tissue with abnormal permeability at admission appear normal
at follow-up. In the 3/20 patients (15%) with hemorrhagic
transformation, 100% bled exclusively within the region of
abnormal admission permeability.
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MATERIALS & METHODS
In part one, EIS was acquired in six volunteers with chronic
cavitary stroke, and four normal subjects. Interpretation of
EIS recordings was performed by two trained readers, blinded to the conventional imaging findings, who rated the spectral patterns according to their: a) degree of deviation from
normal (small, moderate, or large), and b) gross lobar localization. Results were correlated with those of concurrent
unenhanced CT and MR imaging. In part two, EIS was performed on a hemorrhagic phantom, and the results correlated with those predicted by modeled simulations.
RESULTS
Electrical impedance spectroscopy recordings were robust
and technically successful in all cases. In part one, spectra
were recorded across eight shielded bilaterally symmetric
electrode pairs per patient; mean time to acquire diagnostic
data was 4 minutes per pair, with 20 minutes for setup. There
were two small (mean 30 ml), three moderate (mean 80 ml),
and one large (150 ml) strokes. For all cases, assessment of
lesion size and gross lobar localization was concordant
between both readers and the conventional scans. In part
two, recordings from two different hemorrhagic phantoms
produced marked spectral changes, distinct from those of the
cavitary strokes, that agreed well with those predicted by the
modeled simulations.
CONCLUSION
Electrical impedance spectroscopy is a feasible, portable,
new technology for detecting and localizing edematous and
hemorrhagic changes associated with stroke. With further
development, EIS has the potential to become an “EKG for
the brain,” which might provide serial, real-time, accurate
noninvasive monitoring of brain structure/function in an
ambulance, ICU, or intraoperative setting.

MATERIALS & METHODS
Total six dogs (5 + 1 experimental control) were involved in
the study. Autologous thrombus was prepared mixing each
dog’s blood sample with thrombin. The blood clots were
directed to internal carotid artery through an intraarterial
catheter to simulate an acute embolic infarction. Digital subtraction angiography (DSA) documented the arterial vessel
occlusion. Chemical thrombolysis was performed by intraarterial recombinant transplasminogen activator (rt-PA) infusion. Serial MR perfusion/diffusion imaging was performed
to track the evolution of the stroke. After the thrombolysis
perfusion/diffusion images were acquired to evaluate possible effects of the treatment on ADC and qCBF in the infarcted area. Comparison of qCBF and ADC values 150 minutes
after delivering clots, was done placing same size ROIs in
the infarcted and normal contralateral regions to ensure having same proportion of gray and white matter. A t-test was
performed to evaluate the degree to which normal and contralateral tissues were affected by the stroke.
RESULTS
Brain tissue infarction confirmed by DSA in all 5 dogs after
delivering blood clots. The mean values of ADC in the
hypoperfused and normal contralateral regions were 53.49
+/- 12.52 sec/mm2 (Mean +/- STD) and 80.40 +/- 8.56
sec/mm2, respectively. There was a statistically significant
difference between these values (p < 0.05) (Fig 1). The mean
values of qCBF in the hypoperfused and normal contralateral regions were 42.25 +/- 8.64 ml/min/100 g and 7.22 +/-0.90
ml/min/100 g, respectively. This difference was found to be
statistically significant (p< 0.0007) (Fig 1).

KEY WORDS: Stroke, electrical impedance spectroscopy,
noninvasive
Paper 123 Starting at 11:42 AM, Ending at 11:50 AM
Comparison of Apparent Diffusion Coefficient and
qCBF Value Measurements in Acute Embolic Stroke
Canine Model
Rohany, M. · Shin, W. · Shaibani, A. · Cashen, T. · Khawar,
S. · Miller, J. · Walker, M. · Carroll, T. J.
Northwestern University
Chicago, IL
PURPOSE
Multiple studies of acute stroke have shown that in addition
to a “core” of irreversibly infracted tissue, there are surrounding areas, which are ischemic but still viable. This
potentially salvageable tissue is termed the “ischemic
penumbra” and is the target of stroke reperfusion therapy.
Studies also have demonstrated that areas of benign oligemia
also may be present, which would not progress to infarction.
Optimal acute stroke management needs imaging techniques
capable of differentiating the infarct core, the ischemic
penumbra, and areas of benign oligemia. We test the hypothesis that qCBF images may be able to better differentiate
ischemic from normal tissue in a setting of acute stroke.

CONCLUSION
We have developed a reproducible MR imagingcompatible
canine model of embolic stroke. We have found that qCBF
better delineates infarct at early time points and that infarcted regions correspond to qCBF values which are below the
ischemic threshold for cell death.
KEY WORDS: Stroke, quantitative cerebral blood flow, animal model
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Paper 124 Starting at 11:50 AM, Ending at 11:58 AM
PERMEATE:
High
Temporal
Resolution
Multiecho/Multislice Dynamic Susceptibility Contrast
Perfusion Imaging Using GRAPPA EPI
Bammer, R. · Newbould, R. · Skare, S. · Clayton, D. ·
Lansberg, M. · Albers, G. · Alley, M.
Stanford University
Stanford, CA
PURPOSE
To develop a new pulse sequence and reconstruction method
for dynamic susceptibility contrast (DSC) PWI.

RESULTS
R = 4 scans were slightly noisier than R=3 but no residual
aliasing artifacts were noticeable for both series. When compared to conventional single-shot EPI, the PERMEATE
approach allowed a significant reduction of distortions from
off-resonant spins. Specifically, the regions adjacent to
sinuses and the auditory canals were preserved well. The
major intracranial vessels can be delineated clearly and the
typical T2*-“vessel blooming” effect during bolus passage
can be avoided. Due to the higher bandwidth per pixel, the
displacement of voxels containing large amounts of contrast
material is barely noticeable. Since PERMEATE acquires
multiple echoes that allow T2* measurements, confounding

CONCLUSION
Despite the SNR reduction introduced by parallel imaging,
the overall SNR of the quantification was not compromised
excessively because quasi-continuous measurements were
taken over 3-4 echoes for each time point and each slice.
KEY WORDS: Perfusion, parallel imaging, stroke
Paper 125 Starting at 11:58 AM, Ending at 12:03 PM
Reconstruction of a Dissected Occluded Carotid Artery
Using Multiple Covered Stents in a Patient with Acute
Stroke, Allowing Early Recanalization and Excellent
Clinical Outcome
Goyal, M. · Azri, F. · Lum, C.
The Ottawa Hospital
Ottawa, ON, CANADA
PURPOSE
To describe a case of reconstruction of an occluded dissected internal carotid artery using multiple covered stents in the
setting of acute stroke to allow quick restroration of blood
flow and excellent clinical outcome.
MATERIALS & METHODS
This 18-year-old healthy male presented with multiple
injuries from a motor vehicle accident. On the tenth day
while still in the hospital he suddenly became plegic on the
left side. Urgent MR imaging showed bilateral internal
carotid dissecting aneurysms. In addition, the right internal
carotid artery (ICA) was occluded with clot extending to the
right middle cerebral artery (MCA). No abnormality was
seen on the diffusion-weighted imaging. The patient was
started on iv tPA. There was no improvement in the neurologic state after 45 minutes and a decision was made to proceed with an intraarterial approach. An angiogram showed
complete occlusion of the RICA at its origin. A microcatheter and microcwire were navigated through the occlusion and could be advanced beyond the pseudoaneurysm to
the right MCA. Five mg of tPA was injected into the clot
without success. At this stage a decision was made to stent
the ICA. Using telescoping covered stents (Symbiot, 4 mm
by 21 mm; Boston Scientific, Fremont, CA) the ICA was
reconstructed with good antegrade flow and no residual filling of the pseudoaneurysm. The patient was loaded with
Clopidogrel (300 mg) and aspirin (325 mg) prior to the
placement of the stent and was on iv heparin. After the placement of the stent there was complete recanalization of the
right MCA and a complete clinical recovery.
RESULTS
The patient continues to be fully intact neurologically at 6month follow up and CT angiogram showed patency of the
right ICA.
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MATERIALS & METHODS
Dynamic susceptibility contrast PWI is of great utility to
determine “tissue-at-risk” in acute stroke patients to triage
patients who potentially can benefit from iv tPA treatment or
thrombectomy. The DSC PWI often is frustrated by the poor
image quality that results from the use of single-shot EPI.
Besides the geometric distortions and poor resolution associated with EPI, there can be profound problems in determining an arterial input function (AIF) accurately; however, the
latter is mandatory to obtain the tissue residue function by
deconvolution and consequently affects the veracity of the
hemodynamic parameters. In single-shot EPI, AIFs from
large feeding vessels, such as the ICA or branches of the
major cerebral arteries, are frequently difficult to obtain.
Image quality issues arise mainly due to 1) strong T2*induced blurring, 2) susceptibility gradients emanating from
the sinuses and the auditory canals, and 3) the high contrast
concentration in the vessels during the bolus that causes clipping of the bolus maximum. This study minimizes the problems associated with single-shot EPI in DSC PWI by using
multishot parallel imaging in combination with a multislice/multiecho acquisition that allows perfusion and pure
T2* mapping at very high temporal resolution. Specifically,
a multislice DSC PWI pulse sequence was developed with
interleaved echo-planar readouts. To maintain high scan efficiency each interleaf was reconstructed separately using a
GRAPPA based algorithm forming a quasi-single shot
dataset for each TR, with effective distortions of an R-shot
acquisition. The minimum temporal resolution (~1s) of the
dynamic acquisition is determined by TR. During each TR,
n echoes per slice are obtained, allowing calculation of T2*
on a per pixel basis. In three volunteers and seven patients
that presented with stroke-like symptoms the new
sequence/reconstruction was tested after informed consent
was obtained using a 1.5 T scanner and a dedicated 8-channel coil using 2-4 fold acceleration.

T1 relaxation effects from leaky vessels or the very high
temporal resolution can be avoided and thus improves the
mapping of hemodynamic parameters. The auto-calibration
approach also reduced the motion sensitivity of the
sequence, which otherwise can be problematic in stroke
patients.
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CONCLUSION
We describe a case of successful management of acute stroke
due to a dissected internal carotid artery with reconstruction
of the artery performed using multiple covered stents.
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KEY WORDS: Thrombolysis, dissection, acute stroke

treated successfully with VP shunting. MR venography is a
useful imaging tool for both detection and follow up of
intracranial hypertension.
KEY WORDS: Idiopathic intracranial hypertension, pseudotumor cerebri, MRV

Paper 126 Starting at 12:03 PM, Ending at 12:08 PM
MR Venography Findings in Idiopathic Intracranial
Hypertension

Tuesday Morning

Hunt, P. F. · Campeau, N. G.

10:30 AM – 12:00 PM
Room 5AB

Mayo Clinic
Rochester, MN
PURPOSE
To date there has been a paucity of objective imaging findings reported in association with idiopathic intracranial
hypertension. This excerpta illustrates the utility of bolus
gadolinium-enhanced MR venography (MRV) in the assessment of idiopathic intracranial hypertension (pseudotumor
cerebri) seen on MRV.
MATERIALS & METHODS
A 27-year-old male with idiopathic superficial siderosis presented complaining of 2 weeks of severe headaches, double
vision, and nausea. Examination revealed horizontal diplopia, left sixth nerve palsy, and bilateral papilledema. An outside MR imaging and CT showed superficial siderosis. A
cerebral angiogram was negative, and did not demonstrate a
source of hemorrhage. A lumbar puncture demonstrated a
markedly elevated opening pressure exceeding 53 cm of
H2O. The patient’s headache resolved following therapeutic
CSF removal (closing pressure of 16 cm of H2O). CSF
analysis was negative. The patient was treated with Diamox
and discharged home with the advice that he may need additional periodic CSF removal and possibly shunting if the
symptoms were not controlled with medication. The patient
returned to an outside hospital several weeks later complaining of similar symptoms. An opening pressure of 60 cm of
H2O was obtained. A VP shunt then was placed and the
patient’s symptoms completely resolved.
RESULTS
Imaging findings: Bolus gadolinium MRV examinations
were obtained before and after ventriculoperitoneal shunting. The MRV obtained when the intracranial hypertension
was present showed diffuse narrowing of all of the dural
sinuses, most marked in the lateral transverse sinuses. There
was no evidence for dural venous thrombosis. The appearance of the sinuses in this patient with intracranial hypertension was distinct from that seen with arachnoid granulations
and congenital asymmetry of the sinuses, which are common
causes of narrowing within the venous system. Follow-up
MRV obtained 2-months status postplacement of the VP
shunt demonstrated marked changes in the appearance of the
dural venous sinuses, which now appeared well filled and
uniform. The changes were most marked in the transverse
sinuses and superior sagittal sinus.
CONCLUSION
This case illustrates reversible changes of the dural venous
sinuses using bolus gadolinium-enhanced MRV in a patient
with well documented intracranial hypertension which was

(21c) SPINE: Vascular, Trauma, CSF
(Scientific Papers 127 – 139)
See also Parallel Sessions
(21a) ADULT BRAIN: Functional Imaging/MRS/High
Field
(21b) ADULT BRAIN: Cerebrovascular Occlusive
Disease
(21d) ADULT BRAIN: New Techniques
Moderators:

V. Michelle Silvera, MD
Andrea Rossi, MD

Paper 127 Starting at 10:30 AM, Ending at 10:38 AM
Spinal Dural Arteriovenous Fistulas: Evaluation with
Multidetector Row CT Angiography
Lai, P. · Pan, H. · Weng, M. · Fu, J. · Hsu, S. · Lee, K. · Yang,
C.
Veterans General Hospital
Kaohsiung, TAIWAN REPUBLIC OF CHINA
PURPOSE
Multidetector computed tomography (MDCT) angiography
is a developed imaging technique that can study small vessels such as medullary arteries and veins. The purpose of this
study was to evaluate MDCT angiography in diagnosing
spinal dural arteriovenous fistula (SDAVF).
MATERIALS & METHODS
Nine patients with initial MR imaging and clinical findings
suggestive of SDAVF and nine control subjects underwent
spinal CT angiography with a 16-detector row helical scanner. Both MDCT angiography and catheter angiography
were done within 5 days in patients with SDAVFs. The
results of MDCT angiography in patients with SDAVFs were
compared with those of catheter angiography.
RESULTS
Multidetector CT angiography detected engorged perimedullary draining veins and correctly localized the fistula
of the SDAVFs, and correlated well with catheter angiography. Fistula was at the thoracic level in eight patients, and
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sacral level in one patient. Multidetector CT angiography did
not visualize the engorged perimedullary venous plexus in
the control group.

pared to posterior midline enhancement. Furthermore the
dominant draining vein (i.e., the GRV) was observed anteriorly in four and posteriorly in five out of nine subjects.

CONCLUSION
Multidetector CT angiography correlated well with catheter
angiography in diagnosing SDAVFs. It might play a role in
shortening the length of the catheter angiography in diagnosing this disease.
KEY WORDS: Dural arteriovenous fistula, spinal cord, multidetector computed tomography
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Paper 128 Starting at 10:38 AM, Ending at 10:46 AM
Spinal Cord Arteries and Veins Dynamically Resolved
with Contrast-Enhanced MR Angiography
Nijenhuis, R. J.1 · Jaspers, K.2 · Backes, W. H.1
1

Maastricht University Hospital, Maastricht, THE NETHERLANDS, 2Eindhoven University of Technology, Eindhoven,
THE NETHERLANDS
PURPOSE
To differentiate arteries from veins in the spinal cord. The
submillimeter- to millimeter-sized arteries of the spinal cord
can be imaged only by using a high spatial resolution. As the
great anterior radiculomedullary artery (i.e., Adamkiewicz
artery (AKA)) has a spatial (hairpin) course very similar to
the great anterior radiculomedullary vein (GARV) the only
way to distinguish these two vessels is to use an imaging
technique that dynamically resolves the time differences in
contrast agent arrival. Here we demonstrate the capabilities
of dynamic contrast-enhanced MR angiography (DCE
MRA) to achieve the arterial-venous differentiation in
healthy controls and thoraco-abdominal aortic aneurysm
(TAAA) patients, the latter for whom the preoperative AKA
localization is of clinical importance.
MATERIALS & METHODS
Four TAAA patients and five healthy controls underwent the
DCE MRA exam, utilizing keyhole k-space reconstruction.
The image protocol (total duration 120 s) was performed on
a 1.5 T MR imaging system using a phased-array spine coil
and consisted of the following steps: a) entire k-space (i.e.,
reference scan, duration 15 s), 2) injection of 45 mL of
gadolinium-based contrast agent at 3 mL/s, and 3) simultaneous start of 15 sequential acquisitions of the center of kspace only (i.e., keyhole acquisition, 7 s each). The obtained
keyhole k-space acquisitions were reconstructed by completing the outer k-space with the data from the reference acquisition. The reference scan had a voxel size of 1.2 × 1.5 × 1.4
mm and a field of view of 490 mm in the craniocaudal direction. Reconstructed 3D image data sets were analyzed using
multiplanar reformations of the 15 different dynamic phases
to display the AKA and the great radiculomedullary vein
(GRV), which could be located anteriorly or posteriorly.
RESULTS
In all subjects the AKA could be resolved dynamically from
the GRV (Fig 1). The time delay between the enhancement
of the AKA and GRV was found to be equal for both groups.
In all subjects anterior midline enhancement of the spinal
cord was found to occur at least one phase earlier (7 s) com-

CONCLUSION
Keyhole-based DCE MRA is able to dynamically resolve the
contrast enhancement of the spinal cord arteries and veins
and allows to differentiate the AKA from the GRV in healthy
controls and TAAA patients.
KEY WORDS: Dynamic MR angiography, Adamkiewicz
artery, great radiculomedullary vein
Paper 129 Starting at 10:46 AM, Ending at 10:54 AM
Fracture Detection in the Cervical Spine with
Multidetector CT: 1 mm versus 3 mm Axial Images
Phal, P. M. · Riccelli, L. P. · Wang, P. · Nesbit, G. M. ·
Anderson, J. C.
Oregon Health and Science University
Portland, OR
PURPOSE
Multidetector CT allows imaging of the cervical spine with
submillimeter collimation and production of excellent quality multiplanar reformations. Currently there is no consensus
on how these images should be reviewed for accurate diagnosis of cervical spine fractures. The standard in our institution is to read 1 mm axial images with sagittal and coronal
reformations. The purpose of our study is to assess whether
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1 mm axial images provides any diagnostic advantage over
3 mm images in detection of cervical spine fractures, when
read in conjunction with multiplanar reformations.
MATERIALS & METHODS
The study data set consisted of 50 cases of CT of the cervical spine, of which there were 25 consecutive cases of cervical spine fractures and 25 matched normal CTs. All patients
had trauma and were scanned on a Philips 16-slice multidetector CT scanner. Axial images were reconstructed at 1 mm
and 3 mm thickness and the sagittal and coronal reformations between 2 mm to 3 mm thickness. Four radiologists
reviewed all 50 cases. Each radiologist read 25 cases at 1
mm and 25 cases at 3 mm. Cases were distributed such that
each individual case was read 4 times - by 2 radiologists at 1
mm and 2 other radiologists at 3 mm. Radiologists were
asked to review the coronal and sagittal reformations first
and document the presence of fractures, and then review the
single specified set of axial images and document the presence of fractures and other significant findings.
RESULTS
There were 39 fractures in total, 29 classified as clinically
significant and 10 insignificant. Seventeen fractures were
missed in 200 reads. Eleven misses were at 3 mm (sensitivity 86%), and 6 misses at 1 mm (sensitivity 92%), with a pvalue of 0.19 (ANOVA). Four of 17 missed fractures were
deemed clinically significant, 2 of these misses were at 1
mm and 2 were at 3 mm. Thirteen out of 17 misses were of
clinically insignificant fractures, 4 at 1 mm (sensitivity 80%)
and 9 at 3 mm (sensitivity 55%), p value 0.096 (ANOVA).
CONCLUSION
For detection of clinically significant fractures, there is no
significant difference between 1 mm and 3 mm axial images
when read in conjunction with multiplanar reformations.
KEY WORDS: Cervical spine, fracture, multidetector CT
Paper 130 Starting at 10:54 AM, Ending at 11:02 AM
MR Imaging Appearance of Acute Spinal Cord Injury
with Short Term Follow Up
Dungan, D.
Radiology Imaging Associates
Englewood, CO
PURPOSE
To determine short-term changes in imaging characteristics
of acute spinal cord injury.
MATERIALS & METHODS
As part of the ProCord spinal cord injury trial, spinal MR
imaging examinations were performed within 4 days of complete spinal cord injury using routine MR imaging
sequences. Short-term follow-up exams were performed
within 12 days of injury. Cranio-caudal extent of cord edema
and contusion were measured by fellowship-trained neuroradiologists.
RESULTS
Initial MR exams were performed an average of 1.0 days
post injury. On initial MR exams, cord contusion measured
between 9 to 29 mm in length, with an average of 19 mm and

standard deviation of 6.6 mm. Follow-up exams were performed an average of 10 days post injury, and showed length
of contusion ranging from 11 to 52 mm. Contusion length
averaged 24 mm, with standard deviation of 10 mm. Change
in lesion length during this short term was between -15 mm
(decrease in apparent length of contusion) and 39 mm
(increase in length of contusion).
CONCLUSION
Extent of spinal cord injury as detected by MR imaging
changes in the first 2 weeks following traumatic spinal cord
injury, with both increase and decrease in apparent contusion
length possible. This may have implications for treatment
methodologies in acute spinal cord injury.
KEY WORDS: Trauma, spine, MR imaging
Paper 131 Starting at 11:02 AM, Ending at 11:10 AM
Optimizing the Inversion Recovery Time for T1 FLAIR
Spine Imaging at 3 T with a Quantitative and Qualitative
Comparison of T1 FLAIR versus TSE T1
Wu, C.1 · Law, M.1 · Oesingmann, N.2 · Gauvrit, J.1 ·
Peccerelli, N.1 · Padua, A.3
1

New York University Medical Center, New York, NY,
Siemens Medical Solutions, Erlangen, GERMANY,
3
Siemens Medical Solutions, Malvern, PA
2

PURPOSE
Prolongation of T1 relaxation times reduces CNR and image
quality at 3 T. We optimized the inversion recovery time for
T1 FLAIR at 3 T and make qualitative and quantitative comparisons of signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) for clinical spine imaging between T1 FLAIR
and TSE T1-weighted imaging at 3 T.
MATERIALS & METHODS
Fifteen patients were scanned using a 24-channel phasedarray receiver spine coil at 3.0 T. Sagittal T1 FLAIR was performed with the following parameters TR/TE/TI/BW:
3530/12/1180/255. Sagittal TSE was performed with the following parameters TR/TE/BW: 550/12/305. The inversion
time of the sequence was calculated by a careful analysis of
the TSE signal equation with magnetization preparation
based on the used protocol parameters and T1 relaxation
times of CSF. Quantitative measurements of 1) SNR in the
spinal cord and 2) CNR of CSF - spinal cord were made.
Qualitative measurements were made by two board-certified
radiologists of conspicuity and definition of the cauda
equina/nerve roots, the spinal cord/CSF interface, disk/CSF
interface, bone marrow/disk contrast, on a three-point scale
(well defined, seen, or poorly defined), and the amount of
artifact (motion, magnetic susceptibility, flow, chemical
shift) as absent, present, or severe.
RESULTS
The CNR from T1 FLAIR and FSE T1 are 34.00 ± 27.04 and
10.91 ± 7.87, respectively (p < 0.05). The SNR from T1
FLAIR and FSE T1 are 49.41 ± 37.04 and 27.49 ± 10.63,
respectively (p = 0.11). For the qualitative assessment both
readers considered the T1 FLAIR to have higher image quality, than the FSE T1. TI FLAIR scored 18 points (out of possible 24), FSE T1 scored 12.

tuesday.qxp

3/9/2006

1:57 PM

Page 87

87
CONCLUSION
The CNR of the T1 FLAIR is superior to the CNR of the T1
FSE scans at 3 T. The inversion time for T1-weighted imaging of the spine can be calculated at 3 T to optimize CNR.
T1-weighted imaging of the spine should be performed using
T1 FLAIR.
KEY WORDS: Spine, 3 T, T1 FLAIR
Paper 132 Starting at 11:10 AM, Ending at 11:18 AM
A Technique for Acquiring MR Images of Cerebral
Spinal Fluid Flow during a Breath Hold

University of Wisconsin Madison
Madison, WI
PURPOSE
Cerebral spinal fluid flow measurements during the Valsalva
maneuver may demonstrate increased signs and symptoms
in patients with Chiari malformation. However, the scan
time for standard MR cine flow measurements typically
exceeds the breath-holding capabilities of the subjects. Here
we utilize a cine phase contrast MR technique using radial
undersampling for the acquisition of velocity data with high
spatial and temporal information. Previous phantom studies
have confirmed that such flow measurements with a radial
trajectory can provide greater precision and accuracy than
conventional PCMR within a breath hold. The purpose of
this study was to investigate the flow characteristics in normal volunteers and Chiari I patients during the Valsalva
maneuver.
MATERIALS & METHODS
An azimuthally undersampled radial trajectory, PIPR (phase
interleaved projection reconstruction), was used to acquire
cine velocity data sets within 20-30 seconds. For comparison, gated PCMR images requiring scan times of more then
30 seconds were acquired in selected planes. Flow images in
the foramen magnum were acquired in 10 patients and five
normal volunteers with and without the Valsalva maneuver.
Temporal plots of the CSF flow waveforms within the cardiac cycle were derived from the images with a commercial
software package. Differences in velocity with and without a
Valsalva maneuver were tested by a student’s t-test with significance set at p = 0.05.
RESULTS
The flow analysis demonstrated significant differences in the
flow patterns for patients and normal subjects during the
Valsalva maneuver, as demonstrated in figure 1. Results suggest a statistically significant increase in CSF flow data in
patients performing a Valsalva maneuver.

Figure 1. Plot of CSF flow in the foramen magnum in a
patient and a normal volunteer with and without a Valsalva
maneuver.
CONCLUSION
With PIPR, CSF flow can be imaged in the foramen magnum
in 30 seconds or less with high spatial resolution. The flow
waveforms in the patients showed significant differences
from the normal subjects and may aid in treatment planning.
We also are investigating the use of HYPR, a novel acquisition and reconstruction technique, for radial PC imaging.
With this approach, the temporal resolution within the cardiac cycle can be further increased and the reductions in scan
time can be used for multislice coverage or multidirectional
flow encoding. The HYPR acquisition also could be used to
reduce the scan time to within the first 10 seconds of the
Valsalva maneuver while still maintaining the temporal resolution achievable with the PIPR acquisition.
KEY WORDS: CSF, flow imaging, undersampling
Paper 133 Starting at 11:18 AM, Ending at 11:26 AM
Intrathecal Gadolinium-Enhanced MR Cisternography
in the Evaluation of Spontaneous Intracranial
Hypotension Syndrome: Initial Experience
Albayram, S. · Ozer, H. · Kýlýc, F. · Saip, S. · Velioglu, M. ·
Mumyapan, &. · Kocer, N. · Islak, C.
Cerrahpasa Medical School
Istanbul, TURKEY
PURPOSE
In this prospective study, we evaluated the utility of MR cisternography after intrathecal administration of gadolinium in
patients with spontaneous intracranial syndrome.
MATERIALS & METHODS
Eleven patients (two male and nine female patients aged 972 years) based on positive clinical, cranio-spinal MR imaging findings and measurement of CSF pressure diagnosed
with SIH were included in this study. Lumbar, dorsal and
cervical imaging was performed in three orthogonal planes
by using a 1.5 T MR imager (Siemens Symphony). Informed
consent was obtained. MR cisternography was performed at
the level of L3-L4 and 22 G spinal needle was used. We
mixed 0.5 cc gadopentate dimeglumine (Magnevist;
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Schering, Berlin, Germany) with 4.5 cc isotonic sodium
chloride and administered intrathecally. MR imaging was
performed 30 minutes after the injection. Axial, coronal, and
sagittal fat saturated T1-weighted images were obtained at
the level of lumbar, dorsal, and cervical levels.

MRM findings with regard to the presence of leakage and
level of leakage if present. MR myelography findings were
assessed based on the RIC findings which we used as gold
standard for CSF leakage. Follow-up MRM was obtained in
six patients after treatment with epidural blood patch.

RESULTS
No patients manifested gross behavioral changes, neurologic impairment, alteration in mental clarity, vital sign deviation from baseline, anaphylactic or other allergic reaction or
seizure activity at any time during the initial 24-hour observation period following MR cisternography. Two patients
experienced 2-day lasting headache after LP puncture more
severe than previously described postural headache. In all
patients, the gadopentetate dimeglumine observed in subarachnoid space extending from lumbar region to the base of
cranial cavity. Cerebral spinal fluid leakage was demonstrated at cervical level in one patient, at dorsal level in two
patients, at lumbar level in four patients, and at both dorsal
and lumbar levels in three patients. Cerebral spinal fluid
leakage was not demonstrated in one patient. Cerebral spinal
fluid leakages were detected at single vertebral level in three
patients and at multiple vertebral levels in seven patients.
Epi-subdural collections were detected at dorsal level in two
patients, at both dorsal and lumbar levels in six patients, and
no collections were detected in three patients. Multiple perineural (Tarlov) cysts were detected in two patients.

RESULTS
Fourteen patients had CSF leakage on RIC and 13 were
detected with MRM. In one patient there was no leakage on
either RIC or MRM. In another patient with CSF leakage on
RIC, leakage was not definite on MRM. Overall sensitivity,
specificity, and accuracy of MRM in detecting CSF leakage
were 92.9, 100, and 93.3 %, respectively. In six patients in
whom follow-up MRM was obtained after successful treatment, stopping or much improvement of CSF leakage was
noted.

CONCLUSION
In conclusion, intrathecal gadolinium-enhanced MR cisternography is a promising technique that may permit visualization of CSF leakage and epi-subdural collections in
spontaneous intracranial hypotension syndrome.

CONCLUSION
MR myelography is an effective tool for evaluating CSF
leakage in the spine in patients with SCH and may replace
invasive RIC for detecting leakage. However, further study
is necessary for validation of this small series study.
KEY WORDS: MR myelography, CSF leakage, CSF hypovolemia
Paper 135 Starting at 11:34 AM, Ending at 11:42 AM
MR Angiography and Neuromonitoring to Assess Spinal
Cord
Perfusion
in
Patients
Undergoing
Thoracoabdominal Aortic Aneurysm Repair
Nijenhuis, R. J. · Jacobs, M. J. · Leiner, T. · Mess, W. H. ·
Wilmink, J. T. · van Engelshoven, J. · Backes, W.

KEY WORDS: Intracranial hypotension syndrome, CSF leakage, intrathecal gadolinium-enhanced MR cisternography

Maastricht University Hospital
Maastricht, THE NETHERLANDS

Paper 134 Starting at 11:26 AM, Ending at 11:34 AM
Detection of Cerebral Spinal Fluid Leakage in Cerebral
Spinal Fluid Hypovolemia Using MR Myelography:
Correlation with Radioisotope Cisternography

PURPOSE
To determine the functionality of and relevance for localizing the Adamkiewicz artery (AKA) in preoperative thoracoabdominal aortic aneurysm (TAAA) patients. The AKA is
considered to be the most important blood supplier of the
thoracolumbar spinal cord. Due to atherosclerosis the majority of segmental artery (SA) orifices are occluded in the aortic wall. Blood supply to the AKA and spinal cord therefore
may depend strongly on collateral circulation. The difficulty
to image the AKA, for instance with catheter-based angiography, and the involvement of collateral circulation are reasons to refrain from diagnostic imaging. Moreover, vascular
surgeons today have the possibility to obtain functional neuronal intraoperative information on the spinal cord [e.g., provided by transcranial motor evoked potentials (MEPs)].
Despite this and other protective measures postoperative
paraplegia still occurs. Here we investigated whether 1) the
AKA can be localized using MR angiography and 2) the
AKA location relative to the aortic cross-clamping is of
influence on the intraoperative spinal cord function as determined from the MEPs.

Yoo, H. · Kim, S. · Choi, C. · Lee, D. · Chung, S.
Asan Medical Center
Seoul, REPUBLIC OF KOREA
PURPOSE
Spontaneous CSF hypovolemia (SCH) is caused by leakage
of CSF in the spine level. Detection of leakage site is important for effective treatment with epidural blood patch and
radioisotope cisternography (RIC) has been used for this
purpose. We tested if MR myelography (MRM) can detect
the leakage site by comparing the results of MRM with those
of RIC.
MATERIALS & METHODS
We obtained both MRM and RIC in 15 patients with SCH.
Patients were included in this study if they had at least two
of the following three criteria: 1) orthostatic headache; 2)
low CSF pressure; and 3) diffuse pachymeningeal enhancement on brain MR imaging. MR myelography was obtained
with 2-dimensional turbo spin-echo technique in whole
spine level in 1.5 T machine. Radioisotope cisternography
was performed within 2 days after MRM. We evaluated

MATERIALS & METHODS
Preoperative TAAA patients (n = 63) underwent two-phase
contrast-enhanced MR angiography to localize the AKA and
its supplying SA, and to differentiate the AKA from the great
anterior radiculomedullary vein. Spinal cord function was
monitored during open aortic repair using MEPs. When
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MEPs declined, indicating spinal cord dysfunction, patent
SAs were reattached until MEPs normalized. To test whether
aortic cross clamping of the SA connecting to the AKA was
associated with a decline in MEPs the Fischer’s exact test
was performed.

CONCLUSION
The AKA can be localized preoperatively in 100% of the
TAAA patients using MR angiography. Although cross
clamping the segmental supplier of the AKA during aortic
surgery is associated significantly with MEP decline, and
thus (temporary) spinal cord dysfunction, in the majority of
the patients cross clamping the segmental supplier of the
AKA did not affect the MEPs. In these cases the collateral
blood supply in combination with the intraoperative protective measures are apparently sufficient to maintain spinal
cord blood supply. Nevertheless preoperative knowledge of
the level of the segmental supplier of the AKA is of importance as in quite a number of patients (29%) spinal cord
function was dependent on the segmental supplier.
Revascularization of this supplier thereby can reverse spinal
cord dysfunction and possibly prevent postoperative paraplegia.
KEY WORDS: Adamkiewicz artery, spinal cord blood supply,
MR angiography
Paper 136 Starting at 11:42 AM, Ending at 11:47 AM
Adhesive Spinal Arachnoiditis with Spinal Block Due to
Subarachnoid Hemorrhage
Watanabe, A. T.1,2 · Go, J. L.2 · Dehdari, R.3
1

Century City Doctors Hospital, Los Angeles, CA,
University of Southern California School of Medicine, Los
Angeles, CA, 3University of Miami, Miami, FL
2

PURPOSE
We present an unusual case of a patient who developed a
complete spinal block due to adhesions and subarachnoid
cyst formation in the thoracic canal as a result of posttraumatic subarachnoid hemorrhage.
MATERIALS & METHODS
A 67-year-old-white man presented with a posttraumatic
intracranial subarachnoid hemorrhage after a fall. MR imaging, MRA, and catheter angiography of the head were all
negative for aneurysm or vascular malformation. Spinal MR
imaging at that time showed subarachnoid blood, but no evi-

RESULTS
Repeat MR imaging showed extensive adhesions of the thoracic spinal canal with subarachnoid cyst formation. There
was also hemosiderin deposition around the perimeter of the
thecal sac from the previous hemorrhage. A myelogram via
lumbar and cervical punctures demonstrated a complete
block at the T6 level. The patient subsequently underwent
two thoracic laminectomies with improvement in symptoms.
The pathology specimens showed findings compatible with
arachnoid adhesions.
CONCLUSION
We present the imaging findings of a rare case of spinal
arachnoid adhesions secondary to trauma. The subarachnoid
cyst formation in this case appears to be acquired rather than
congenital in etiology. Myelography was helpful in demonstrating the exact level of block.
KEY WORDS: Spine, arachnoiditis, trauma
Paper 137 Starting at 11:47 AM, Ending at 11:52 AM
Spinal Cord Infarction after Endovascular Graft Repair
of Thoracic Aortic Aneurysm
Walia, R. · Fukui, M. · Williams, R. · Ku, A. · Wallace, M.
Allegheny General Hospital
Pittsburgh, PA
PURPOSE
To demonstrate a case of spinal cord infarction complicating
endovascular graft repair of thoracic aortic aneurysm.
MATERIALS & METHODS
A 68-year-old male patient underwent endovascular “Gore”
graft repair of thoracic aortic aneurysm. On postprocedure
day #2, he had profound weakness of bilateral lower extremities.
RESULTS
MR imaging of the thoracic spine on postprocedure day #7
showed hyperintensity within the spinal cord from T-1 to T9 consistent with infarction.

Tuesday

RESULTS
The AKA and its supplying SA could be localized in all 63
patients between the vertebral levels Th8 and L2 (63% left
side). In 22% (14/63) of cases MEP decline was observed
during aortic cross clamping. Motor evoked potentials
always remained stable when the AKA was outside the
cross-clamped area. In 49 (78%) of the patients the segmental supplier of the AKA was cross clamped. Aortic cross
clamping of the segmental supplier of the AKA led in 14 out
of 49 cases to a MEP decline. Reattachment of the preoperatively localized SA supplying the AKA reestablished MEPs,
and thus spinal cord function in nine out of 14 cases. A significant association (p < 0.03) was found between aortic
cross clamping the segmental supplier of the AKA and MEP
decline.

dence of AVM or arachnoid cyst. The patient was discharged
home but subsequently developed progressive bilateral
lower extremity weakness and bladder and bowel incontinence. He was readmitted to the hospital 2 months later.
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Paper 138 Starting at 11:52 AM, Ending at 11:57 AM
Cervical Spine Injury with Cord Compression in a
Komodo Dragon (Varanus Komodoensis)
Hutchins, T. A.1 · Cline, K.1 · Arcemant, C.2 · Rosel, P.1
1

Tulane University, New Orleans, LA, 2Children’s Hospital
of New Orleans, New Orleans, LA
PURPOSE
To present an interesting case of spinal injury in a male
komodo dragon (Varanus Komodensis).

Tuesday

MATERIALS & METHODS
An adult male komodo dragon from the zoo swallowed a
large rock, which became impacted in its stomach. During
manual removal of the rock through the mouth, the animal
was injured and subsequently developed neurologic symptoms. He was brought to our institution for imaging. The following year, his female counterpart became confused and
injured herself during a tropical storm. She also was brought
for imaging.
RESULTS
MR imaging and CT with reformatted images show a cervical spine fracture with cord compression in the male komodo dragon. Images of the female komodo dragon are normal
and provide a nice reference comparison.

CONCLUSION
Although paraparesis is a known complication of endovascular graft repair of thoracic and abdominal aneurysms, MR
imaging findings have not been well documented in theses
cases. Spinal cord infarction typically occurs at the thoracolumbar junction following open repair of infrarenal aortic
aneurysm. This case is unusual in its extensive infarction of
the thoracic spinal cord following endovascular repair.
REFERENCES
1. Berg P, Kaufmann D, van Marrewijk CJ, Buth J. Spinal cord
ischaemia after stent-graft treatment for infra-renal
abdominal aortic aneurysms. Analysis of the Eurostar database. Eur J Vasc Endovasc Surg 2001;22:342-347
2. Pau Serradell A. Acute ischemic spinal cord disease. Spinal
cord infarction. A clinical study and MRI in 8 cases. Rev
Neurol (Paris) 1994;150:22-32
3. Weidauer S, Nichtweiss M, Lanfermann H, Zanella FE. Spinal
cord infarction: MR imaging and clinical features in 16
cases. Neuroradiology 2002;44:851-857. Epub 2002 Sep 21

KEY WORDS: Spinal cord infarction, endovascular graft
repair, aortic aneurysm

CONCLUSION
Occasionally, we are called upon to assist our veterinary colleagues from the zoo. In such instances, there are often no set
rules, and we must step out of the comfort zone of traditional imaging. This case illustrates nicely the challenge of modifying protocols and applying traditional concepts of imaging in a nontraditional setting to arrive at a diagnosis.
KEY WORDS: Komodo, spine, trauma
Paper 139 Starting at 11:57 AM, Ending at 12:02 PM
Postoperative MR Neurography of the Hip with
Instrumentation
Birchansky, S. B. · Potter, H. G.
Hospital for Special Surgery
New York, NY
PURPOSE
Sciatic neuropathy following hip surgery is a potentially
devastating complication that can be assessed with MR
imaging, even in the setting of metallic instrumentation.
MATERIALS & METHODS
MR imaging was used to demonstrate causes of sciatic neuropathy following hip surgery, including total hip arthroplasty. Protocols were modified to reduce susceptibility artifact
and optimize evaluation of fascicular architecture.
RESULTS
Despite the presence of metallic instrumentation, MR imaging may demonstrate postoperative sciatic hematoma, hardware impingement on the nerve, retractor injury, muscle
impingement, and is useful in excluding nerve transection.
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CONCLUSION
Following hip surgery, MR imaging can play an important
role in outlining the regional anatomy in order to diagnose
treatable causes of neuropathy.
KEY WORDS: MR neurography, sciatic, postoperative
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Paper 140 Starting at 10:30 AM, Ending at 10:38 AM
HYPR TRICKS: Theory and Initial Clinical Experience

RESULTS
Our results in simulations, flow phantoms, and six initial
patients have confirmed the following: 1) 10-20 radial kspace projections are sufficient to isolate temporal behavior,
2) due to integration over many voxels the SNR is dominated not by the time frame projections but by the SNR of the
composite image, 3) SNR and waveform fidelity are dependent on the density of vessels, 4) the temporal resolution
allows separation of brain arterial and venous structures 5)
components of vascular malformations can be clearly delineated.
CONCLUSION
This represents a major breakthrough for CE MRA. Threedimensional datasets can be generated at virtually any time
point in the contrast bolus using as few as 10-20 radial projections providing time frames as short as 400 msec. The
HYPR technique can be generalized to other applications
such as cardiac and perfusion imaging.
KEY WORDS: MRA, ultrafast, HYPR TRICKS

Turski, P. A.1 · Wu, Y.1 · Wu, Y.1 · Wieden, O.1 · Korosec, F.1
· Brittain, J.2 · Rowley, H.1 · Keinitz, B.1 · Turk, Q.1 ·
Mistretta, C.1

Paper 141 Starting at 10:38 AM, Ending at 10:46 AM
Clinical Application of BLADE for Improved Image
Quality in 3 T Brain MR Imaging

University of Wisconsin, Madison, WI, 2General Electric
Healthcare, Waukesha, WI

Runge, V. M.1 · Case, R. S.2 · Biswas, J.1 · Wintersperger, B.
J.2 · Nelson, B. C.1 · Simonetta, A. B.1 · Naul, G.1

1

PURPOSE
This project explores the clinical applications of a new
approach to generating time-resolved contrast-enhanced
MRA of the brain, aortic arch, and spine called HYPR
TRICKS. HYPR (HighlyY constrained back PRojection)
exploits the redundancy of spatial information in a time
series of images to greatly reduce the sampling requirement
in each time frame (1). This provides the opportunity for
substantial increases in temporal resolution, spatial resolution, and volume coverage.
MATERIALS & METHODS
Data are acquired as a time series of interleaved undersampled projection sets in a hybrid geometry in which projection
encoding is used in kx and ky and conventional phase encoding is used in the slice dimension. In general, complete
Nyquist sampling of a 512 x 512 matrix a minimum of 800
projections are acquired. Using HYPR we acquire only 10
projections giving an angular undersampling factor of 80
which when combined with the TRICKS undersampling fac-

1

Scott and White Memorial Hospital and Clinic, Temple, TX,
Ludwig-Maximilians University, Munich, GERMANY

2

PURPOSE
Alternative k-space acquisition techniques, such as BLADE
and PROPELLER, can be used to reduce the degradation of
images caused by in-plane patient motion. To date, work has
focused on applications with T2-weighted scans at 1.5 T.
BLADE, like PROPELLER, is a modified fast spin-echo
sequence which uses a series of concentric blades that rotate
around the center of k-space to generate images both with
and without a motion correction algorithm. The purpose of
this study was to evaluate, at 3 T, the utility of BLADE in a
primarily nonmoving patient population compared to standard techniques in brain MR imaging focusing on FLAIR
and T1-weighted scans.
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tor of 3 provides an overall undersampling (or speed up factor) factor of 240. All of the acquired time frame projections
or, in some cases those projections contained in a sliding
window surrounding the current time frame, are summed to
provide a composite image that defines potential vessel locations. The projections in each time are back projected, but
are constrained to deposit signal only in the locations defined
by the composite image. This eliminates intervascular streak
artifacts and reduces intravascular streak artifacts from
undersampling. The fact that many pixels contribute to the
formation of the projections in each time results in the individual time frame SNR being determined by overall scan
time rather than frame time. This is a significant departure
from conventional SNR behavior. The consequence is high
SNR even in very short high-resolution time frames.
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MATERIALS & METHODS
Forty consecutive adult patients were enrolled in this IRBapproved study. In the first 20 patients, axial, matched
parameter, T2-weighted FLAIR scans were acquired with
both conventional (fast spin-echo) and BLADE techniques.
In the next 20 patients, sagittal, matched spatial resolution,
T1-weighted gradient-echo and BLADE scans were
acquired. The image sets were presented in a randomized,
blinded fashion to two neuroradiologists who were instructed to rank the scans in terms of overall image quality as well
as to identify specific artifacts.
RESULTS
For the FLAIR data sets, there was excellent agreement
between the two readers, who both ranked BLADE without
motion correction as better than or equal to the conventional
FLAIR acquisition (p < 0.01; κ = 1). In addition, with
BLADE, there was a significant reduction in image ghosting,
Gibbs’ ringing, and pulsation artifacts (all with p < 0.001).
However, BLADE scans were degraded mildly by a “star
artifact” (from CSF pulsation) at the top of the fourth ventricle, resulting from the acquisition scheme (p < 0.001). For
the T1-weighted sagittal data sets, there was only a fair
agreement between the readers (κ = 0.24; 95% CI: -0.170.65), with one reader ranking BLADE without motion correction as better than or equal to the traditional T1-weighted
sagittal acquisition (p < 0.001) while results with the other
reader did not reach statistical significance (p < 0.09).
Sagittal BLADE scans were degraded mildly by a wrap artifact resulting from the acquisition scheme (p < 0.01).
CONCLUSION
Use of the BLADE acquisition scheme without application
of the motion correction algorithm can improve overall
image quality at 3 T even in the consentable “nonmoving”
patient population. Our data suggest that it is the way that kspace is acquired with BLADE that leads to the improvement in image quality (in the patient population evaluated).
KEY WORDS: BLADE, 3 T, MR imaging
Paper 142 Starting at 10:46 AM, Ending at 10:54 AM
Physiologic and Anatomical Assessment of the Carotid
Artery with Phase Contrast Vastly Undersampled
Isotropic Projection Imaging
Turk, A. S. · Johnson, K. · Haughton, V. · Rowley, H. ·
Consigny, D. · Grinde, J. · Niemann, D. · Aagaard-Kienitz,
B. · Turski, P. · Mistretta, C.
University of Wisconsin
Madison, WI
PURPOSE
Currently, imaging of carotid stenosis for potential revascularization surgery requires correlation of at least two noninvasive imaging studies or a formal angiogram. MR angiography often is utilized as part of the imaging paradigm for
this work up. We have reported previously on a novel MRbased imaging sequence, PC-VIPR which acquires MR
images at speeds up to 50 times that of standard Cartesian
imaging by undersampling. Recently we have been able to
utilize this sequence to calculate pressure changes across
areas of stenosis from the image data. This single modality
that provides images of the vessel lumen and flow data may

reduce the need for duplex ultrasound. For this study, we
evaluated the ability of PC-VIPR to obtain pressure gradients across a carotid stenosis in an animal model.
MATERIALS & METHODS
A focal stenosis was created surgically in each common
carotid artery of 10 canines. The degree of stenosis was
determined from DSA utilizing methods outlined in the
NASCET trial. As part of the angiographic procedure a
microcatheter was positioned selectively in the vessel proximal and distal to the stenosis to obtain pressure readings.
After removal of the catheter, PC-VIPR was performed on a
clinical 1.5 T GE MR scanner using parameters providing
0.7 mm isotropic voxel resolution. The images were postprocessed and blood flow and pressure gradients were calculated using the Navier Stokes equations and the velocity
information provided by the PC-VIPR sequence.
RESULTS
Digital subtraction angiography and MRA images demonstrated stenosis ranging from 50% to 86% in the common
carotid arteries. Mean arterial pressure gradients ranging
from 6 mm to 26 mm H2O with corresponding arterial waveforms were obtained across the stenoses with direct invasive
monitoring from a microcatheter. In 15 of the 20 vessels, the
PC-VIPR data showed a similar trend with a drop in pressure
gradient across the stenoses, but not always to the magnitude
of the direct measurements (Table). Arterial waveforms similar to those from direct invasive monitoring were obtained
with PC-VIPR data. The five stenoses that could not be evaluated by PC-VIPR were due to signal loss at the stenosis in
arteries which had > 70% stenoses.
Animal
Side
% Stenosis
∆ Pressure
Micro-catheter
∆ Pressure
PC VIPR

1
2
3
4
5
6
7
8
9
10
R L R L R L R L R L R L R L R L R L R L
80 50 71 63 71 80 78 75 72 64 67 64 60 86 78 72 63 52 66 58
-- 13 25 6 12 19 11 20 26 18 18 21 12 21 11 17 23 21 12 6
-

5

8

11 -

11 -

-

18 20 17 15 12 -

10 15 21 20 13 8

CONCLUSION
With PC-VIPR, a novel MR imaging technique, the degree
of stenosis of a vessel and the effect of the stenosis on flow
can be evaluated. Coupling physiologic and anatomical data
may improve accuracy and consolidate noninvasive imaging
evaluation of arterial stenosis. Further work in this area is
currently underway.
KEY WORDS: Carotid stenosis, MRA, pressure gradient
Paper 143 Starting at 10:54 AM, Ending at 11:02 AM
CT Pulsatility Imaging of Saccular Aneurysm Models:
ECG-Gated versus Dynamic Multiscan Methods Using
64-Slice MDCT
Rohany, M.1 · Yaghmai, V.1 · Shaibani, A.1 · Huber, M.2 ·
Russell, E. J.1 · Walker, M. T.1
1

Northwestern University, Chicago, IL, 2Siemens Medical
Solutions, Malvern, PA

PURPOSE
The purpose of this study was to image pulsatile motion of
saccular aneurysm models using high-resolution ECG-gated
or dynamic multiscan (DM) methods by 64-slice MDCT.
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RESULTS
Using the ECG-gated technique, pulsatile motion of the
aneurysm was imaged successfully but helical artifact simulating wall motion was observed, which degraded image
quality. With DM-generated technique, regions of variable
wall compliance and asymmetric wall motion were demonstrated clearly and image quality was excellent. There was
excellent correlation between actual model motion and the
DM-generated 4D images. Artifactual motion in the model
wall noted with ECG-gating was not present with the DM
method.

CONCLUSION
CT pulsatility imaging (CTPI) can be achieved using DM or
ECG-gating on a 64-slice MDCT. Helical artifacts associated with ECG-gated technique degrade image quality and
produce artifactual motion limiting its potential utility. CT
pulsatility imaging was better accomplished with the DM
technique revealing wall motion abnormalities, which may
reflect areas of relative wall thinness and therefore increased
rupture potential. This technique also could improve our
understanding of aneurysm wall shear stress and potentially
help risk-stratify patients with unruptured intracranial
aneurysms. Further study is warranted to assess the utility
and impact on outcomes of this technique.
KEY WORDS: Aneurysm, pulsatility, noninvasive imaging

Paper 144 Starting at 11:02 AM, Ending at 11:10 AM
Comparison of a Fat-Suppressed Gradient-Recalled 3D
T1-Weighted Sequence with a Standard Fat-Saturated
Turbo Spin-Echo T1-Weighted Sequence for
Postcontrast Evaluation of Enhancing Brain Lesions
Peyster, R. G. · Bernstein, R. · Chernofsky, B. · Yan, Z. ·
Roque, C. · Wagshul, M.
SUNY Stony Brook
Stony Brook, NY
PURPOSE
Standard MR imaging technique for evaluation of intracranial lesions utilizes pre and postcontrast standard T1
sequences of approximately 4 mm slice thickness. The standard postcontrast T1 sequences (T1) are known to have pulsation artifact in the posterior fossa and can not readily evaluate regions of the brain which require thin sections [internal
auditory canals (IAC), sella, orbits]. Obtaining multiple
planes of data is also time consuming. Experience has shown
that the commonly used spoiled-gradient 3D T1-weighted
images were not reliable as a postcontrast sequence. This led
us to develop an isometric 3D fat-suppressed T1-weighted
sequence (3D) for utilization on our 3 T magnet.
MATERIALS & METHODS
An initial cohort of 34 patients with enhancing lesions of
various etiologies were analyzed retrospectively. The T1 and
3D sequences were stripped of all identifiers, separated, and
randomized. Blind reviews of the sequences were performed
independently by 3 neuroradiologists (RP, BC, and ZY) for
evaluation of number and characteristics of enhancing
lesions. For the 3D sequence, reviewers were provided with
axial images and reconstructed sagittal and coronal images.
The radiologists also were asked to grade the quality of
imaging of the posterior fossa, IAC, sella, and orbits.
Discrepancies in interpretation then was re-reviewed with a
direct comparison between the two sequences.
RESULTS
A total of 86 lesions were noted on the T1 and 78 lesions
were noted on the 3D (p > 0.05). In 20 of the 34 cases the
same number of lesions were identified on both sequences.
In nine cases more lesions were noted on the T1, and in five
cases more lesions were seen on the 3D. There were no cases
where a solitary lesion was seen on the 3D that was not noted
also on the T1. There was one case where a lesion was
reported on the T1 only; however retrospective direct comparison of the two sequences revealed this to be a blood vessel. There were no cases where the diagnoses would have
been altered in the absence of either sequence. There was
one case where there was a large discrepancy between the
number of lesions noted on the 3D and the T1 sequences
(eight versus 16) in a patient with toxoplasmosis. This may
be related to patient motion during the 3D sequence and the
order of imaging following contrast injection. In most of the
cases (26/34) the 3D sequence was performed first following
contrast injection (including the patient with toxoplasmosis).
In nearly all cases, the evaluation of the posterior fossa,
orbits, IAC, and sella tursica were felt to be of good or excellent quality with the 3D. The T1 was considered fair to poor
quality in evaluation of the sella, IAC, orbits, and posterior
fossa.

Tuesday

MATERIALS & METHODS
Two pulsatile saccular aneurysm models were created: one
with uniform and the other with variable wall thickness. The
phantoms were scanned using a 64-slice MDCT with ECGgating and DM methods. The aneurysms were filled with
diluted iodinated contrast material (250 HU) and scanned
during continuous pulsation. ECG-gated images were
obtained during a 4-second acquisition by using retrospective gating technique, gantry rotation time of 0.33 s, pitch of
0.2, and slice thickness of 0.6 mm with 0.4 mm overlap. An
artificial ECG tracing at a rate similar to pulsation was generated. Dynamic multiscan imaging was achieved with a
gantry rotation time of 0.33 s and slice thickness of 1.2 mm
with effective coverage of 24 mm; the phantoms were
imaged continuously for 4 seconds and images were reconstructed at 5 msec intervals with section thickness of 1.2
mm. Four-dimensional images from both techniques were
evaluated on an image processing workstation and were
compared with actual model motion.
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CONCLUSION
Our pilot study demonstrates that the T1 and 3D sequences
are complimentary. One may demonstrate lesions not seen
on the other. The 3D sequence provides better coverage of
the posterior fossa, IAC, sella, and orbits.
KEY WORDS: 3D sequences, 3 T
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Paper 145 Starting at 11:10 AM, Ending at 11:18 AM
Which Arterial Input Function Should Be Selected for
Perfusion CT Data Processing in Acute Stroke Patients:
The One on the Ischemic Side or a “Nonischemic” One?
1

2

3

4

Wintermark, M. · Flanders, A. E. · Velthuis, B. · Meuli, R.
· Goldsher, D.5 · van Leeuwen, M.3 · Anderson, J.6 · Nesbit,
G.6 · Pohlman, S.7 · Quist, M.8 · Dillon, W. P.1 · Pedraza, S.9

be observed between the sizes of the PCT infarct core and
penumbra depending on which arterial input function was
chosen.
CONCLUSION
In acute stroke patients, the selection of the arterial input
function has no statistically significant impact of the PCT
results; standardization of the PCT postprocessing always
using the ACA as the arterial input function is appropriate.
KEY WORDS: Perfusion CT, postprocessing, arterial input
Paper 146 Starting at 11:18 AM, Ending at 11:26 AM
Quantitative Cerebral Blood Flow Measurements Using
Gradient-Echo and Spin-Echo Echo Planar Imaging at
3.0 T

1

University of California San Francisco, San Francisco, CA,
Thomas Jefferson University Hospital, Philadelphia, PA,
3
University Medical Center Utrecht, Utrecht, THE
NETHERLANDS, 4University Hospital of Lausanne,
Lausanne, SWITZERLAND, 5Rambam Medical Center,
Rambam, ISRAEL, 6Oregon Health and Science University,
Portland, OR, 7Philips Medical Systems, Cleveland, OH,
8
Philips Medical Systems, Best, THE NETHERLANDS,
9
Hospital Doctor Josep Trueta, Girona, SPAIN
2

PURPOSE
Dynamic perfusion CT (PCT) with deconvolution requires
the selection of an arterial input function for data postprocessing. Theoretically, as many arterial inputs as there are
evaluated arterial territories should be selected. In the clinical settings however, a single arterial input, most often the
anterior cerebral artery (ACA), often is used. The goal of this
study was to determine how the selection of the artery influences the PCT results in acute stroke patients.
MATERIALS & METHODS
One hundred and thirty patients with a suspected hemispheric stroke lasting less than 12 hours underwent admission
PCT. Follow-up diffusion-weighted imaging (DWI) was
used to delineate the final infarct core. Perfusion CT datasets
were postprocessed using the ACA, and branches of the right
middle cerebral artery (MCA) and the left MCA as successive arterial input functions. The regional cerebral blood
flow (CBF), volume (CBV) and mean transit time (MTT)
were measured in the corresponding territories. The infarct
core and penumbra were determined using MTT and CBV
thresholds previously reported in the literature. Perfusion CT
results were classified based on their calculation using an
arterial input function supplying an ischemic territory or a
normal territory. Results from the corresponding territories
in the same patients were compared using paired t-tests. The
sizes of the infarct core and penumbra obtained with the different arterial inputs were compared to the final infarct core
inferred from the follow-up DWI.
RESULTS
The CBF values obtained with the “ischemic” arterial input
function tended to be lower (p = 0.024), and the MTT values
shorter (p = 0.009), compared to those obtained with a “nonischemic” arterial input function. Cerebral blood volume
values were not influenced by the selection of the arterial
input function. No statistically significant difference could

Miller, J. W. · Shin, W. · Cashen, T. · Shaibani, A. · Walker,
M. · Carroll, T. J.
Northwestern Medical Center
Chicago, IL
PURPOSE
Perfusion MR imaging with dynamic susceptibility contrast
(DSC) uses echo planar imaging (EPI) such as gradient-echo
EPI (GE EPI) or spin-echo EPI (SE EPI). Spin echo using
parallel imaging technique has been presented on 3.0 T to
compensate decreasing signal to noise (SNR) and long time
of repetition (TR) for whole brain coverage. Bookend technique, conventional perfusion GE EPI, and T1 measurements before and after contrast injection, have been presented to quantify cerebral blood flow (CBF). Combining
Bookend technique, quantitative CBF (qCBF) using SE EPI
with parallel imaging technique was measured and compared with qCBF measurement using GE EPI.
MATERIALS & METHODS
Relative CBF maps from DSC analysis of GE and SE EPI
were calibrated by the ratio of quantitative cerebral blood
volume (CBV) values in steady states in white matter (WM)
to relative CBV values DSC analysis of GE and SE EPI in
WM, respectively. Calibration bias from water exchange
effects was minimized based on experimental results. For
validation, qCBF measurements in both GE and SE EPI, the
measured qCBF values in WM and gray matter (GM) were
compared with the published values from PET. Imaging protocol: Eight volunteers were scanned with conventional perfusion GE EPI and SE EPI. Spin-echo EPI was scanned with
GRAPPA techniques, before and after contrast, true FISP
readout of inversion recovery (IR true FISP) was scanned for
fast T1 measurement. For IR true FISP, Flip angle = 30°, TE
= 1.32 ms, TR = 3.6 ms, segment number = 9, FOV = 220 ×
220 mm, phases number/thickness = 120/5 mm, bandwidth
= 1220 Hz. 0.1 mmol/kg gadolinium contrast was injected by
power injector with 60% of single dose (0.12 ml/kg) in GE
EPI and single dose (0.2 ml/kg) in SE EPI.
RESULTS
Quantitative CBV values in WM were measured as 1.65 ±
0.32 ml/100 g with water exchange correction, corresponding to the published value. Applying water exchange correction factor (WCF) decreases normalized standard deviation (SD/mean), 30%. The results are in Figure 1. Images
from GE EPI were distorted by inhomogeneity of B0 field.
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Gradient-echo EPI images show blurred blood vessels in
GM, which presents high CBF values in GM (arrow).
Corresponding the average difference (GE EPI-SE EPI) in
CBF > 50 ml/100 g/min is calculated as 13 ml/100 g/min
despite of -2 ml/100 g/min in CBF < 50 ml/100 g/min. Both
qCBF values from GE and SE EPI show agreement with
PET data.

RESULTS
A total of 437 points are present within the data matrix; however, it usually is not possible to define vector magnitudes
for each possible angular location. Anatomical structures
such as orbits and fontanelles result in “undefinable points”.
In addition, image artifact leads to “noisy points” in which
the standard deviation is greater than or equal to 5% of the
mean magnitude for that vector. For all cases, the mean number of noisy and undefinable points were 7.1 and 12.4,
respectively. These points were not used in the subsequent
data analysis. Intraobserver error was estimated using the
mean of the standard deviations of the natural log of vector
magnitudes. The intraoberver mean error estimate was less
than 1%. The absolute value of the mean of the differences
between vector magnitudes provides a measure of the interobserver variability. The largest interobserver variability
between two users across all scans was 0.1 mm. The mean
variability across all users for all scans was 0.05 mm.

Paper 147 Starting at 11:26 AM, Ending at 11:34 AM
3D Virtual Anthropometry: A New Method for Analyzing
Volumetric Pediatric Craniofacial CT Scans

CONCLUSION
Three-dimensional VA is not only a comprehensive and
practical tool for describing craniofacial morphology using
state-of-the-art CT and computer technology, but also yields
highly reproducible results. This study accomplishes the crucial first step in providing quantitative and qualitative assessment of skull shape necessary for the development of a normative database of craniofacial morphology.

Mukundan, S. · Das, R. · Marshall, S. · Stokes, T. · Marcus,
J.

KEY WORDS: Craniosynostosis, volumetric CT, expert systems

KEY WORDS: Perfusion, 3 T, quantitative

Duke University
Durham, NC
PURPOSE
To develop an objective, anthropometric method for evaluation of skull morphology in children using CT data. A computer algorithm capable of defining vectors from the dorsum
sella to the cranial surface in all three dimensions was developed and tested. This is the first step towards the development of a normative database for skull shape.
MATERIALS & METHODS
Standard head CT datasets from pediatric patients were
obtained under the auspices of the Duke University
Institutional Review Board (IRB). Studies had been performed for a variety of clinical indications, but were determined “normal” by the attending radiologist. Per protocol,
axial datasets of 5 mm slice thickness from skull base to vertex were obtained. The identified datasets were processed

Paper 148 Starting at 11:34 AM, Ending at 11:42 AM
Molecular Imaging with MR Imaging: Validation of MRReporter Genes for Long-Term Monitoring of Gene
Expression and Therapy
Politi, L. S.1 · Biffi, A.2 · Amendola, M.2 · Galli, R.2 · Falini,
A.1 · Naldini, L.2 · Scotti, G.1
Ospedale San Raffaele, Milan, ITALY, 2San Raffaele, Milan,
ITALY

1

PURPOSE
Somatic stem cells (SSC) have raised interest because of
their therapeutic potential in both cell-based and gene therapy applications, for which the knowledge of the location of
either delivered cells or of genetically modified cells is of
utmost importance. Diverse imaging approaches are available for cell tracking and among these MR imaging shows a

Tuesday

CONCLUSION
We have validated qCBF measurement using GE and SE EPI
at 3.0 T to compare with published CBF values in WM and
GM. Additionally, we have shown the potential of qCBF
measurement using SE EPI with parallel technique at 3.0 T.

retrospectively at the Graphics Visualization Lab using a
high-perfomance, dual-core PowerMac G5 running Matlab
(R14). The 3D virtual anthropometry (3DVA) software,
developed in our lab, displays the data in three dimensions
and prompts user definition of the origin (dorsum sella) and
points for defining the cardinal axes (vertex and nasion). The
3DVA algorithm generates geometric vectors from the origin
to the cranial surface (as defined by an optimized bonethreshold value) at 10º increments in both azimuth and elevation, which are stored in a matrix for analysis. To determine the robustness of our algorithm, five datasets (boys
aged 13, 13, and 81 months; girls 14 and 19 months) were
evaluated independently by three trained readers. Each
dataset was analyzed by each reader five times; statistics
then were calculated.
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greater resolution, allows direct anatomical correlation, and
long-term studies of dynamic cells migration on living animals. To this aim SPIO can be used to label SSC in vitro and
make them detectable in vivo upon transplantation.
However, major limitation of this approach is the progressive dilution of the contrast media along stem cells progeny.
We thus explored an alternative strategy based on MRreporter genes allowing iron accumulation within cells,
exploiting the unique properties of late generation lentivirial
vectors (LV) in transducing with high efficiency SSC both ex
vivo and in vivo, and guaranteeing long term expression in
their progeny.

MATERIALS & METHODS
Serial dilutions varying from 1:8 out to 1:256,000 were
made of each of the five MR contrast agents Multihance,
Optimark, Prohance, Magnevist, and Omniscan diluted in
plasma replacement fluid (Seronorm). These then were
imaged at 1.5 and 3 T using gradient-echo and spin-echo
sequences with varying TR, TE, and flip angle values.
Inversion recovery images were obtained also with selected
T1 values. Signal intensity measurements for each tube for
each sequence permitted calculation of T1 and T2 values for
each dilution which in turn enabled relative R1 and R2 value
determinations for each agent.

MATERIALS & METHODS
Lentivirial vectors carrying the human tyrosinase (hTyr)
cDNA downstream to the human phospoglycerokinase promoter were produced by standardized protocols.
Bidirectional LV carrying both the previously mentioned
virus and an immunofluorescent reporter gene [Green
Fluorescent Protein (GFP)] were produced similarly. hTyr
LV and hTyr+GFP LV were used to transduce cells lines,
hematopoietic and neural stem cells. Stable clones expressing H and L ferritin under doxicycline regulation also were
analyzed. Transduced cells were put in agarose phantoms
and analyzed by a 1.5 and 3 T human MR scanner. Further,
hTyr LV and hTyr+GFP LV were directly injected in the
striatum of 4 mice that underwent serial MR imaging examinations on a human 3 T MR scanner.

RESULTS
As expected, higher relaxivities were seen with Mulithance.
The remaining agents demonstrated lower relaxivities than
that of Multihance but similar to each other.

RESULTS
We tested two candidate MR-reporter genes in vitro. After
transduction, upon expression of hTyr or H-L ferritin, cells
became detectable in T2 and T2*-weighted images, concomitantly with the appearance of a positive staining for
melanin or iron within cellular bodies. Immunofluorescent
confirmed these findings upon bidirectional LV transduction.
The signal change correlates with gene expression and number of examined cells. Viability, proliferation, and differentiation were preserved. Signal change due to gene expression
was also detectable in vivo in the the striatum of mice from
1 week up to 3 months after transduction by direct injection.
CONCLUSION
Expression of tyrosinase and H-L ferritin enables efficient
cellular marking for MR localization studies. The expression
of such genes mediated by LV represents a promising strategy for in vivo long-term monitoring of the fate of stem cells
and their progeny.
KEY WORDS: Molecular imaging, MR-reporter genes, gene
therapy
Paper 149 Starting at 11:42 AM, Ending at 11:50 AM
Enhanced Relaxivity of a New Contrast Agent and Its
Clinical Importance
Bleicher, A. G. · Kanal, E.
University of Pittsburgh Medical Center
Pittsburgh, PA
PURPOSE
To graphically document differences in relaxivity of different MR contrast agents and demonstrate the clinical utility of
higher relaxivities.

CONCLUSION
Higher relaxivity agents potentiate similar signal intensities
at lower concentrations/doses. Alternatively, imaging
sequence modifications can be performed to optimize study
design to provide faster studies and/or stronger signal intensities with appropriate modifications of TR, TE, and flip
angle.
KEY WORDS: MR contrast, relaxivity
Paper 150 Starting at 11:50 AM, Ending at 11:58 AM
Relaxivity Assessment of MR Imaging Contrast Agents
in Human Serum at 1.5 and 3.0 T
Essig, M.1 · Giesel, F.1 · Lodemann, K.2 · von Tengg, H.1
1

German Cancer Research Center, Heidelberg, GERMANY,
Bracco Altana Pharma, Konstanz, GERMANY

2

PURPOSE
Multiple factors determine longitudinal and transverse relaxation rates (R1 & R2) of exogenous contrast media. The aim
of this study was to determine the influence of nonprotein
binding and weak-protein binding MR contrast media on R1
and R2 values at 1.5 T and 3 T.
MATERIALS & METHODS
Three contrast agents were studied: nonprotein binding
gadopentate dimeglumine (Gd-DTPA, Magnevist, Berlex
Laboratories), and weak-protein binding gadobenate dimeglumine (Gd-BOPTA, MultiHance, Bracco) and gadoxetic
acid, (Gd-EOB-DOTA, Eovist, Schering). For each contrast
medium, 3 sets of 10 cc plastic tubes were prepared: (1) contrast + buffer (physiologic pH = 7.35); (2) contrast + buffer
+ human serum albumen (Sigma-Aldrich Chemicals) at a
concentration of 4.5 mg/dL and (3) contrast + human plasma
(Octaplas, Octapharma Ltd, UK) at ~7.0 g/dL of protein content. Imaging was performed at 1.5 T and 3 T (Phillips
Intera). A constant temperature of 37° C was maintained by
a purpose-built, in-scanner, water-bath system. T1- and T2maps were calculated using proprietary software (Philips),
following data acquisition using a MIX dual-echo, turbo
spin-echo technique (TE = 10,100 ms; TR = 1000 ms; TI =
2260 ms).
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RESULTS
R1 and R2 are plotted for each contrast agent at both field
strengths in Figures 1 & 2. Overall, R2 increased with field
strength. Increasing protein concentrations caused increases
in R1, most notably for both weak-binding agents, although
this effect was less prominent at 3 T.
CONCLUSION
The differential effects of contrast media on R2 dominate at
3 T while those on R1 dominate at 1.5 T. At 3 T, the preferred
contrast agent depends on which contrast mechanisms are
being utilized. These issues are particularly pertinent as MR
vascular perfusion assessments become more widely used in
the clinical setting.

Tuesday Morning
10:30 AM – 12:00 PM
Room 2
(23) ELC Workshop A: Introduction to
PowerPoint

Tuesday Morning
Figure 1: R1 [1/sec] versus PBS, HSA, and Plasma.

11:15 AM – 12:00 PM
Room 14A
(24) ELC Lecture D: PACS Migration
— Richard H. Wiggins, III, MD

Figure 2: R2 [1/sec] versus PBS, HSA, and Plasma.
PBS = Phosphate Buffer Solution; HSA = Human Serum
Albumin [protein-content 4.5 g/dL]; Plasma [protein-content
7.0 g/dL].

Tuesday Afternoon
12:10 PM – 1:10 PM
Room 16A

KEY WORDS: MR field strength, gadobenate dimeglumine,
relaxivity

Tuesday Morning

(25) American Society of Pediatric
Neuroradiology (ASPNR) Annual
Business Meeting (Members Only)

10:30 AM – 11:15 AM
Room 14A

Tuesday Afternoon
(22) ELC Lecture C: PACS
— C. Douglas Phillips, MD

12:10 PM – 1:10 PM
Room 16B
(26) American Society of Spine
Radiology (ASSR) Annual Business
Meeting (Members Only)

Tuesday

— John L. Go, MD
— Barton F. Branstetter, VI, MD
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Tuesday Afternoon
1:15 PM – 2:45 PM
Room 2

Tuesday

(27) ELC Workshop D: Adobe
Photoshop and Elements
— Richard M. Berger, MD

Tuesday Afternooon
1:15 PM – 2:45 PM
Room 5AB
(28) Applications in Presurgical Brain
Mapping (ASFNR)
Emerging Applications in Restorative Neurosurgery
and Functional Neuroimaging
— Brian Kopell, MD
Presurgical Mapping: Functional MR Imaging and
Diffusion Tensor Imaging
— Scott H. Faro MD
Presurgical Mapping: MEG
— Timothy P.L. Roberts, PhD
Discussion
Moderators:

Andrei I. Holodny, MD
TBD

Emerging Applications in Restorative Neurosurgery and
Functional Neuroimaging
Brian Kopell, MD
Dr. Brian H. Kopell is currently the director of the
Restorative Neuroscience Program at Froedtert
Hospital/Medical College of Wisconsin. He is an assistant
professor in the Department of Neurosurgery at the Medical
College of Wisconsin in Milwaukee. He received his medical
degree from the New York University School of Medicine and

completed a residency in Neurosurgery at New York
University Medical Center. He did a fellowship in
Functional and Restorative Neurosurgery at the Cleveland
Clinic Foundation in Cleveland, Ohio.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Illustrate the role that neuroradiology has played and will
play in the evolution of functional neurosurgery.
PRESENTATION SUMMARY
Functional neurosurgery currently is undergoing a rapid evolution due to the application of neuromodulation technologies. Currently brain neuromodulation takes the form of two
types of electrical stimulation technologies: deep brain stimulation (DBS) and cortical stimulation (CS). As functional
neurosurgery continues to evolve, applications of neuroradiology will play an increasing role preoperatively, intraoperatively, and postoperatively. Deep brain stimulation has
become the gold standard of surgical treatment of movement
disorders such as Parkinson’s disease, tremor, and dystonia.
Further applications in the realm of chronic pain and psychiatry are in the investigative phase and are rapidly approaching clinical practice. Cortical stimulation, while not FDA
approved in the United States, has been in clinical practice
since the early 1990s for the treatment of chronic pain. It also
has been applied recently in the arenas of poststroke motor
recovery and chronic tinnitus. Historically, functional neurosurgeons could not rely on imaging to wholly guide their
procedures. Utilizing early methods of visualizing the anterior and posterior commissure, targeting was done “indirectly” by standardized distances from these internal landmarks.
Even with the advent of MR imaging, the targets of these
procedures are not seen easily. This has led to the development and flourishing of intraoperative physiologic mapping
techniques such as microelectrode recording (MER) and
semimicroelectrode recording. Currently, the role of intraoperative physiologic measures is the gold standard used to
accurately deploy these devices. As MR imaging anatomical
resolution continues to improve, especially with higher field
strength magnets, “direct” targeting based on the actual visualization of the intended surgical target is becoming more
common place, reducing the time spent in the operating
room refining the target using physiologic mapping techniques. With the advent of diffusion tensor imaging (DTI)
another aspect of anatomy can be resolved -- the fiber tract.
Given the present understanding of how DBS works, DTI
may further allow the functional neurosurgeon to “see” the
target preoperatively and minimize the time spent in the
operating room. Functional imaging techniques such as
fMRI and PET offer a chance to obtain the physiologic data
before the procedure itself. Data from these studies already
have been used to guide functional neurosurgical procedures. These imaging techniques also have been used to
explore the mechanisms behind these neuromodulation technologies. Such data can be used to help program these
devices and provide insight into further evolving these neuromodulation technologies.
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Presurgical Mapping: Functional MR Imaging and
Diffusion Tensor Imaging

Tuesday Afternoon

Scott H. Faro MD

1:15 PM – 2:45 PM
Ballroom 6DE
Presurgical Mapping: MEG
Timothy P.L. Roberts, PhD

PRESENTATION SUMMARY
Magnetoencephalography (MEG) is an emerging methodology for detection of the extracranial magnetic fields associated with the electrical current of neuronal activity.
Mathematical modeling of the source of such activity, combined with anatomic registration to MRI allows the formation of magnetic source images, MSI, (or functional maps).
Since MEG has sub-millisecond temporal resolution, these
maps have the potential to display the spatiotemporal
dynamics of neuronal activity and signal propagation, as
well as revealing temporal signatures in evoked responses.
To date, the principle clinical success of magnetic source
imaging has been the identification of somatosensory cortex
in patients scheduled for neurosurgical resection of mass
lesions, such as tumors, primarily in fronto-parietal locations. Preservation of functional tissues of the motor and
somatosensory regions is a prime consideration in planning
the treatment strategy and surgical approach. Prior knowledge of the functional organization, with respect to the
lesion, is a vital aid to the neurosurgeon, radiologist, and
patient in evaluating the risks versus likely benefits of invasive surgery and focused irradiation (gamma knife). A number of studies have documented the ability of MSI (with
somatosensory stimulation) to define the central sulcus even
in situations where anatomic methods fail. The essential validation of source localizations by comparison to intra-operative cortical stimulation mapping and/or SSEP recording has
given further support to the increasingly routine clinical
adoption of this modality in patients in whom there is suspicion of sensorimotor cortex involvement. A number of centers routinely incorporate MSI data into the neuronavigational systems used to guide operative procedures, such that
MSI is used not only for pre-surgical planning, but also intraoperative guidance. This presentation will discuss the basis
of magnetoencephalography and application to functional
mapping of eloquent cortex prior to surgery in patients with
brain tumors. Differences to fMRI will be discussed, as well
as application to recording of spontaneous activity (e.g.
epileptogenic discharges). Finally, the use of high temporal
resolution to reveal temporal processing will be discussed,
along with the outlook for new clinical indications.

Discussion

Basic Science of Disk Degeneration and Growth
Factors
— Howard An, MD
Biological Treatment with Gene Therapy and Stem
Cells
— James Kang, MD
New Imaging Modalities
— Victor M. Haughton MD
New Surgical Techniques for Treatment of
Degenerative Disk Disease
— Paul A. Anderson, MD
Discussion
Moderators:

Victor M. Haughton, MD
Brian C. Bowen, MD, PhD, FACR

Basic Science of Disk Degeneration and Growth Factors
Howard An, MD
Dr. Howard S. An is currently the Morton International
Endowed Chair and Professor of Orthopaedic Surgery at
Rush University Medical Center in Chicago. He did
orthopaedic residency at Medical University of Ohio and
spine surgery fellowship at Jefferson Medical College in
1989. He served as director of spine surgery from 1989-1997
at Medical College of Wisconsin and moved to Rush Medical
College as director of spine surgery in 1997. He is clinically active in all aspects of spine surgery and published over
170 articles, 80 book chapters and edited more than 12
books. He is NIH sponsored researcher in the areas of spinal
biomechanics and biology of the intervertebral disc.
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the role of magnetencephalography in presurgical
functional mapping of eloquent cortex.
2) Illustrate the differences between MEG and fMRI.

(29) New Perspectives on the Role of
the Intervertebral Disk in Back Pain
and the Emergence of New Therapies
(ASSR)
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review pathogenesis of intervertebral disc degeneration
in terms of biological and biomechanical factors.
2) Identify biological treatment strategies including injection
of growth factors, bone morphogenetic proteins, gene therapy, cell transplantation, and tissue engineering.
3) Review growth factors and cytokines that are important in
intervertebral disc metabolism.
PRESENTATION SUMMARY
Low-back-pain is an ubiquitous disorder that affects virtually all individuals with an immense social and economic
impact. Lumbar disc disease is the most common etiology of
persistent back pain and sciatica. The intervertebral disc is a
specialized fibrocartilaginous connective tissue which acts
as a hydrostatic shock absorber. The disc is a complex structure consisting of two interdependent, but morphologically
distinct regions: the nucleus pulposus (NP), an inner gelatinous cushion rich in proteoglycans (PGs), and an outer annulus fibrosus (AF) made up of concentric lamellae rich in collagen fibers. The NP acts as a cushion and AF is built for
strength rather than to provide reversible deformation.
Abnormal biomechanical stresses on the intervertebral disc
lead to degeneration. The major components of the matrix
such as PGs and collagen are substantially decreased with
disc degeneration. Recent studies showed that there is
increased levels of nitrix oxide, PGE2, interleukins, etc in
the degenerative disc. These cytokines are proinflammatory
substances that may be also involved in the pathogenesis of
disc degeneration. Naturally occuring growth factors such as
TGF-beta, FGF, BMPs, etc. have shown to be potential stimulating agents for synthesis of matrix in the disc in vitro and
in vivo. Gene therapy research has also shown that prolonged
expression of therapeutic genes may be achieved in vivo. In
later stages of disc degeneratioin, cell transplantation and/or
tissue engineered matrix might be necessary to repair and
regenerate the disc. These preliminary studies give possibilities of treating disc disease in novel ways. Future research
is devoted to understanding the biochemical mechanism of
disc degeneration and reverse the processes that contribute to
disc degeneration.

PRESENTATION SUMMARY
Gene therapy is an exciting technology that directs a target
cell to synthesize a desired protein (growth factors) through
delivery of the corresponding genetic sequence (cDNA) via
a viral or nonviral vector. The feasibility of this concept was
first demonstrated with qualitative and quantitative evidence
of successful gene transfer of a marker gene (lac-Z) via an
adenoviral vector in vitro and in vivo. These exciting initial
results were followed by the successful transfer of therapeutic genes encoding for growth factors to IVD cells. Both in
vivo and in vitro studies revealed that the synthesis of matrix
by the IVD cells was upregulated when the cDNA for TGFb was introduced into the disk using an adenovirus. In other
studies, it has been shown recently that gene transfer of the
nuclear transcription factor, sox9 can upregulate type II collagen synthesis in vitro. Nishida et al achieved the first successful in vivo gene transfer to the rabbit intervertebral disk.
Using an adenoviral vector, transduction and transgene
expression of the lacZ marker gene was demonstrated in rabbit nucleus pulposus cells. Levels of transgene protein
expression were followed longitudinally, and sustained
expression was demonstrated 3 months after transduction
with no significant reduction in the quantity of protein synthesized. These findings suggested that sustained endogenous production of desired gene products within the intervertebral disk was feasible. Also encouraging was the
absence of histologic changes consistent with a cellular
immune response or apparent systemic adverse effects.
Different viral vectors demonstrate varying degrees of cytotoxicity and safety concern profiles. Adenovirus has been
used extensively for “proof of principle” IDD studies due to
its unparalleled efficiency for transducing nondividing cells;
however there have been concerns about possible adverse
affects at therapeutic dosages. Because of this, our group has
ongoing studies to evaluate safety of adenoviral vectors in a
rabbit model, even allowing for errant injections into the
epidural or intrathecal space. Adeno-associated virus (AAV)
may be an attractive alternative because of its improved safety profile, although a much higher viral load is required for
similar transgene expression. Remarkable advances in
molecular and cellular biology has allowed investigators to
learn more about the pathomechanisms of IDD and to begin
contemplating novel therapeutic strategies that target the
pathways of degeneration. Gene therapy has proven its ability to beneficially modulate the biological processes of the
IVD cells in vitro and in vivo.

Biological Treatment with Gene Therapy and Stem Cells
James Kang, MD
Dr. James Kang is currently the director of the Ferguson
Laboratory for Orthopaedic Spine Research and Vice
Chairman of Orthopaedic Surgery at the University of
Pittsburgh School of Medicine. He obtained his MD degree
from the University of Oklahoma School of Medicine and
completed his residency training at the University of
Pittsburgh. He did a fellowship in spinal surgery at Case
Western Reserve University. He has been at the University of
Pittsburgh School of Medicine for the past 13 years and has
devoted his efforts in clinical practice in spinal surgery and
his basic research interest in the pathophysiology and biological treatment of disk degeneration. He has more than
100 publications in national and international journals, and
received numerous awards for his research in gene therapy.

New Imaging Modalities
Victor M. Haughton MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the concept of measuring the mobility of spinal
motion segments.
2) Describe the imaging strategies required to evaluate intervertebral disc degeneration.
3) Introduce the concept of measuring T2 values in the disk.
4) Illustrate functional spine imaging techniques.
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New Surgical Techniques for Treatment of Degenerative
Disk Disease

Tuesday Afternoon
1:15 PM – 2:45 PM
Ballroom 6ABCF
(30) Dose Reduction in Pediatric
Neuroradiology (ASPNR) – Audience
Response System (ARS)*
CT Dose Reduction: Current Practices in Pediatric
Neuroradiology
— Charles M. Glasier, MD
Dose Considerations in Pediatric Angiography
— Nancy K. Rollins, MD
Physical Factors in Radiation Dose: Beyond mAs
— Mike McNill-Gray, PhD
Moderator:

Charles M. Glasier, MD

*An educational grant was received by Berlex in
support of the Audience Response Systems (ARS)
technology.
Self Assessessment Module (SAM) programming:
Qualified by the American Board of Radiology in
meeting the criteria for the self-assessment toward
the purpose of fulfilling requirements in the ABR
Maintenance of Certification Program.

CT Dose Reduction: Current Practices in Pediatric
Neuroradiology
Charles M. Glasier, MD

Paul A. Anderson, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify concepts of Motion sparing technology.
2) Discuss the indications for fusion vs disc replacement.
3) Identify several disc replacemnt inplants.
PRESENTATION SUMMARY
Motion sparing technology aims to relieve symptoms without fusion. Several classes of implants are available including interspinous spacers, total disk replacements, and
dynamic pedicle fixation. The indications for each, their
radiographic attributes, and current status will be discussed.
Emphasis will be placed on the role of imaging in the postoperative period and how to identify pending failures.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss methods of potential dose reduction in cranial,
sinus and temporal bone CT examinations in children.
2) Report the results of a survey of members of the Society
for Pediatric Radiology and the American Society of
Neuroradiology of methods of CT dose reduction in current
clinical use in cranial, sinus and temporal bone CT examinations in children.
PRESENTATION SUMMARY
Reduction of administered radiation dose during diagnostic
CT examinations in children has received recent attention in
both the lay and scientific press. Much of the attention in the
radiological literature has been directed towards reduction of
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PRESENTATION SUMMARY
The treatment of intervertebral disk degeneration will likely
change rapidly, requiring the development of new imaging
techniques base on cross sectional imaging. Experimental
techniques for treating intervertebral disk degeneration
include the administration of genetic material, injection of
growth factors, fusing the spine with a non-rigid device or
implanting a prosthetic disk. To measure the clinical effect of
these newer techniques on the integrity of the spine, techniques sensitive enough to measure a biochemical and biomechanical change in the disk over a short period of time are
needed. Imaging-based techniques to measure biochemical
and biomechanical changes in the disk on a continuous scale
would have advantages over the present methods. In the laboratory, when tissue samples are available from the disk,
water content of the disk is measured to determine the degree
of aging or degeneration. An MR method to assess changes
in water content would be useful in clinical studies, when tissue is not generally available. The calculation of T2 relaxation from a multiple echo sequence is one possibility for
estimating water content in the disk. To evaluate temporal
changes in human intervertebral disks, the addition of T2
measurements to routine imaging would increase the power
of the study to detect changes. The biomechanical integrity
of the spine can be assessed by applying a known load or
torque to the spine and measuring the displacements and
rotations that occur. In the biomechanical laboratory this is
done routinely with specimens of spine to evaluate changes
in the disk due to aging or degeneration. With dynamic CT
and MR methods, the displacements and rotations can be
measured more simply, as accurately and much less invasively. Vertebral rotation secondary to an axial rotatory
torque have been measured with CT and MR to evaluate the
effect of disk degeneration on mobility of motion segments.
The purpose of this introduction is to emphasize the need for
innovation in imaging techniques to provide the information
needed to treat patients with these new techniques. The
speakers in this session provide an overview of the important
new research initiatives that will revolutionize the care of
degenerative disk disease. My introduction is intended to
provide by example some ideas for improving our imaging
strategies to meet the future need.

tuesday.qxp

3/9/2006

1:57 PM

Page 102

Tuesday

102
dose during body CT examinations and relatively little attention has been directed toward optimization of CT technique
with the goal of dose reduction in imaging of the head, sinuses, and temporal bones in children. This presentation will
present and discuss the results of a survey of members of the
SPR and ASNR of current practices used by radiologists for
reduction of patient dose in children during craniofacial CT.
Dose reduction techniques covered in the survey included:
shielding of body area outside diagnostic field of view,
reduction of kVP, reduction of mAs, noncontrast examination only for seizure screening, utilization of multiplanar
reconstructions instead of direct axial and coronal acquisition, lower dose examinations for special applications such
as shunt check CT and modification of kVp and mAs in
infants. The majority of respondents to the survey are utilizing some dose-reduction techniques although only 20% of
respondents correctly identified in order the most effective
technical dose adjustment techniques.
REFERENCES
1. McNitt-Gray MF. AAPM/RSNA Physics Tutorial for
Residents: Topics in CT. Radiation dose in CT.
Radiographics 2002;22(6):1541-1553
2. 2002 SPR seminar in radiation dose reduction. Pediatr
Radiol 2002;32:707-751

Dose Considerations in Pediatric Angiography
Nancy K. Rollins, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the biologic hazards of excessive radiation exposure in young children.
2) Apply techniques to minimize radiation dose during
angiography.
PRESENTATION SUMMARY
Diagnostic neuroangiographic and interventional procedures
may result high patient radiation doses, depending on the
procedure, patient size, equipment, and technique. Children
are more prone to the adverse effects of radiation than adults
with potential complications including subsequent increased
risk of malignancies of the head and neck, damage to the
ocular lens, etc. The dose rate is highest at the site of skin
entry. Skin entrance exposure doses may be reduced by the
use of intermittent exposures, grid removal, last image hold,
dose spreading, beam filtration, pulsed fluoroscopy, and
other dose reduction techniques. Proper training of fluoroscopic operators, understanding the factors that influence
radiation dose, and use of various dose reduction techniques
are essential in minimizing radiation exposure to the pediatric patient.

Physical Factors in Radiation Dose: Beyond mAs
Mike McNill-Gray, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Analyze these tradeoffs in the context of a few selected
diagnostic imaging tasks.
2) Accurately describe patient radiation dose from CT scanning.
3) Evaluate the tradeoffs in patient radiation dose and image
quality that exist in CT scanning.
4) Identify technical parameters that affect radiation dose
and image quality in CT scanning.
PRESENTATION SUMMARY
In CT scanning, many technical factors affect both radiation
dose and image quality. Radiologists are faced with the challenge of trying to reduce the radiation dose to the patient and
simultaneously maintaining acceptable image quality. To aid
in this challenge, this presentation will first describe radiation dose, how it is measured and clarify several confusing
definitions. Next, the technical factors that affect both radiation dose and image quality, including kVp, mAs, pitch, etc.,
will be described as well as their impact on patient radiation
dose. The presentation will also describe some of the latest
tube current modulation (automatic exposure control for CT)
methods and how they affect radiation dose. The impact of
these technical factors on general image quality will be discussed as well as considering tradeoffs between radiation
dose and image quality in the context of specific diagnostic
imaging tasks.

Tuesday Afternoon
1:15 PM – 2:45 PM
Room 15AB
(31) ASNR Business Center
Programming: Operations Strategies
for Neuroradiology (Part I)
Introduction to Operations Management
— Gregory L. Katzman, MD, MBA
Radiology Department Technical and Professional
Operations: Aligning the Incentives
— Edwin “Steve” A. Stevens, MD
MOU and Other Organizations: Formulas that
Reward Enterprise Operational Management
— Edwin “Steve” A. Stevens MD
Note: Pre-registration is required.

tuesday.qxp

3/9/2006

1:57 PM

Page 103

103

Tuesday Afternoon

3:15 PM – 4:45 PM
Room 2

3:15 PM – 4:45 PM
Ballroom 6ABCF

(32) ELC Workshop A: Introduction to
PowerPoint

(34a) ADULT BRAIN: Trauma in
Adult Brain/Spine and Pediatrics
(Scientific Papers 151 – 163)

— Barton F. Branstetter IV, MD
— John L. Go, MD

Tuesday Afternoon
3:15 PM – 4:45 PM
Room 15AB
(33) ASNR Business Center
Programming: Operations Strategies
for Neuroradiology (Part II)
System Analysis: Troubleshooting Department
Operations
— Gregory L. Katzman, MD, MBA
Offshore Teleradiology
— William G. Bradley, Jr. MD, PhD
Note: Pre-registration is required.

See also Parallel Sessions
(34b) ADULT AND PEDIATRIC BRAIN: Neoplasms
(34c) SPINE: Injections and Vertebroplasty
(34d) FUNCTIONAL/DIFFUSION TENSOR
IMAGING: Pediatrics and Adult Brain
Moderators:

Suresh C. Patel, MD
John Woo, MD

Paper 151 Starting at 3:15 PM, Ending at 3:23 PM
MR Microscopic Monitoring Axonal Degeneration after
Optic Nerve Crushed Injury
Takahashi, M. · Vartanian, T. K. · Hackney, D. B.
Beth Israel Deaconess Medical Center/Harvard Medical
School
Boston, MA
PURPOSE
To assess the potential of apparent diffusion coefficients
(ADC) and magnetization transfer (MT) effects measurements to elucidate the processes of axonal degeneration in an
optic nerve after traumatic injury. It has been shown that
magnetic resonance determination of ADC can indicate the
orientation of axons and characterize injury of white matter
in species with myelinated systems such as rats, cats, and
humans. The magnetization transfer ratio (MTR) has been
shown to be an indicator of tissue injury (e.g., demyelination).
MATERIALS & METHODS
Eight rats were subjected to left optic nerve crush using standard techniques. MR imaging was conducted at 4.7 T and
transverse sections were obtained at 1 week (1W) and 1
month (1M) after the surgery. For ADC measurement, two b
values ranging from 10-1000 sec/mm2 were employed at
parallel and perpendicular directions to the optic nerve orientation. On those images, transverse (t-) and longitudinal (l) ADCs (mm2/sec) were calculated in the crushed optic nerve
and the contralateral side as a control. Anisotropy was
defined simply as l-ADC/t-ADC. Magnetization transfer saturation was applied for SE sequences and the MTR was calculated in each location. After imaging, the optic nerve was
isolated immediately and fixed for immunohistochemistry
and for myelin.
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RESULTS
The t-ADC, l-ADC and diffusion anisotropy of the intact
optic nerve in the adult rats were 0.46 ± 0.15, 1.41 ± 0.19 and
3.38 ± 1.18 (n = 7), respectively, in our previous study. The
t-ADC changed (0.98 ± 0.19, p < 0.01) while l-ADC
decreased (0.93 ± 0.30, p < 0.05) in the crushed optic nerve
1W after injury, resulting in complete loss of diffusional
anisotropy (0.98 ± 0.42, p < 0.05). The t-ADC returned
toward normal levels 1M after injury. The l-ADC tended to
recover but it remained lower than that in the control, leading to less diffusional anisotropy. In the contralateral nerve,
the t-ADC did not change (0.50 ± 0.04) but the l-ADC
reduced (1.04 ± 0.10, p < 0.05) 1W after injury while the tADC increased (0.75 ± 0.15) and the l-ADC recovered (1.56
± 0.17) to the normal level 1M after injury. At both time
points, the diffusional anisotropy was reduced (2.09 ± 0.33
and 2.17 ± 0.61). The MTR in the crushed optic nerve was
lower than that in the contralateral at both time points (30.8
± 12.9 vs 37.9 ± 4.4, p < 0.05 for 1W, 30.0 ± 10.1 vs 35.3 ±
5.7, p < 0.05 for 1M). The results were related to myelin
basic protein staining.
CONCLUSION
Optic nerve crush results in reproducible loss of anisotropy
and reduced MTR. Posttraumatic degeneration of the nerve
may be evaluated with MR imaging and the combination of
ADC and MTR measurement may provide better information than any one parameter alone.
KEY WORDS: Axonal degeneration, optic nerve, MR
microscopy
Paper 152 Starting at 3:23 PM, Ending at 3:31 PM
Diffusion Tensor MR Imaging Distinguishes Patients
with Cognitive Impairment following Mild Traumatic
Brain Injury
Lo, C.1,2 · Shifteh, K.1,2 · Bello, J.1,2 · Lipton, M.1,2,3
1

Montefiore Medical Center, Bronx, NY, 2Albert Einstein
College of Medicine, Bronx, NY, 3Nathan S. Kline Institute,
Orangeburg, NY
PURPOSE
Up to 25% of patients with mild traumatic brain injury (TBI)
will suffer long-term neuropsychiatric disability. Previous
studies have shown deficits in white matter fractional
anisotropy (FA) following TBI. However, these findings
have been in patients with moderate TBI (Glasgow Coma
Scale 13-15) and/or parenchymal hemorrhagic foci consistent with shear injury. Importantly, the relation of diffusion
tensor imaging (DTI) abnormalities to long-term cognitive
outcome has not been reported. Our objective was to determine if DTI could differentiate patients with cognitive
impairment following mild TBI from normal age and sexmatched control subjects. We hypothesized that decreases in
FA would occur in white matter regions susceptible to axonal injury following TBI.
MATERIALS & METHODS
Ten patients (four male, six female; mean age, 44 years, SD
= 11) who developed persistent cognitive impairment following witnessed mild TBI were evaluated with DTI. Prior
to the injury, these patients had no history of neurologic, psychiatric or cognitive impairment. CT and conventional MR

imaging at the time of injury were normal and none of the
patients required hospitalization. Diffusion tensor imaging
was performed 8 months to 3 years following the injury.
Fractional anisotropy (FA) was measured bilaterally in the
genu and splenium of the corpus callosum, posterior limb of
the internal capsule and pons. Four measurements were
made in each of these white matter regions using a polygonal region of interest. Average FA was computed for each
anatomical region. Comparison was made to 10 asymptomatic healthy normal controls (five male, five female; mean
age, 47 years, SD = 13) using identical imaging and analysis
procedures.
RESULTS
The mean FA value was reduced significantly by approximately 7.7% within the genu of the corpus callosum (p =
0.002). Mean FA also was reduced in the posterior limb of
the internal capsule (2.0%) and splenium (2.0%). These latter two findings did not reach statistical significance (p =
0.4). Mean FA value was increased in the pons (1.2%), but
the difference was not statistically significant (p = 0.8).
There was no statistically significant asymmetry in mean FA
for the four anatomical white matter regions that were evaluated.
CONCLUSION
These results demonstrate an FA deficit in the genu of the
corpus callosum that distinguishes mild TBI patients with
persistent cognitive impairment from normals. Previous
studies have shown decreased FA immediately following
moderate TBI. These studies have reported decreased FA in
all of the regions we examined, but none have described any
association with long-term cognitive impairment. In contrast
to a report that FA normalizes after the time of injury, the
time frame of our evaluations suggests permanent deficits
exist. Our findings may not have reached significance for
several of the regions we evaluated because of the mild
degree of injury in these subjects and/or the small sample
size. Further longitudinal studies will be required to elucidate the full importance of our findings, but they do suggest
that permanent white matter ultrastructural damage occurs in
mild TBI and that such damage may be associated with persistent cognitive disability.
KEY WORDS: Diffusor tensor imaging, fractional anisotropy,
traumatic brain injury
Paper 153 Starting at 3:31 PM, Ending at 3:39 PM
Dural Sinus Occlusion and Thrombosis following Head
Injury: Diagnosis, Treatment, and Outcome
Shelef, I. · Yoel, U. · Benifla, M. · Chohen, A.
Soroka University Medical Center
Beer-Sheba, ISRAEL
PURPOSE
The incidence of traumatic dural sinus (DS) thrombosis,
until recently, was as high as 4% with penetrating head trauma and rare with closed head injury. However, recent study
concerning children after head trauma who required cranial
CT shows an overall incidence of 6% of DS thrombosis
among these patients. Clearly, the awareness and availability of advanced imaging techniques incidence of diagnosed
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DS thrombosis in the last 10 years. The purpose of the study
was to investigate the DS adjacent to skull fracture, and to
evaluate treatments, diversity, and outcome.
MATERIALS & METHODS
Over the period of 2 years 434 patients of all ages were
admitted to our hospital following head trauma with evidence of skull fracture. Forty-one patients (10%) with fracture line adjacent to one or more DS were enrolled in the
study, and in addition to a routine noncontrast CT (NCCT),
were farther evaluated with the postcontrast spiral CT
(PCSCT) scan.

CONCLUSION
When the mechanism of obstruction included a thrombus
formation unfavorable outcome was seen in 60% of patients,
while all patients with an extradural cause for obstruction
had a favorable outcome. Time for radiologic recanalization
ranged from 6 days to 2 months. In four patients, who were
moderately or severely injured (GCS < = 9), only partial
opening of the obstructed sinuses was noticed at the end of
the 2-month radiologic follow-up period. Traumatic DS
obstruction is a frequent finding in patients with fracture
adjacent to DS. Dural sinus obstruction is a poor prognostic
sign when it is caused by thrombosis in contrast to extraluminal reason.
KEY WORDS: Head injury, sinus thrombosis
Paper 154 Starting at 3:39 PM, Ending at 3:47 PM
MR Neurography in Children with Birth-Related
Brachial Plexus Injury
Smith, A. B. · Chin, C. T. · Gupta, N. · Stober, J. B.
University of California San Francisco
San Francisco, CA
PURPOSE
To evaluate pediatric patients with birth-related brachial
plexus injury with MR neurography (MRN).

RESULTS
Eleven patients (four female; seven male; ages 2 months to
20 months) underwent MRN. The severity of injury ranged
from limited weakness of the deltoid to complete flaccid
paralysis. On MRN, all patients had abnormal imaging findings on the affected side. Seven had pseudomeningoceles,
six had neuromas, seven had abnormal nerve T2 signal, four
demonstrated nerve root enlargement and two had denervation changes of the musculature on the side corresponding to
the injury. EMG results were available for 10 of the 11
patients and correlated with the findings on MRN and clinical exam. To date, three of the 11 patients have undergone
surgical exploration. One patient had an extensive neuroma
and the other two had scar tissue surrounding the affected
nerves as was demonstrated on MRN.
CONCLUSION
MR neurography in birth-related brachial plexus trauma
allows localization of the injured nerves, visualization of the
extent of injury and characterization of associated pathology
such as neuroma formation, pseudomeningoceles, and muscular atrophy. MR neurography correlates with electrodiagnostic studies, physical examination, and intraoperative findings and may be a useful adjunct in the evaluation and treatment planning for these patients.
KEY WORDS: Brachial plexus, MR neurography, birth trauma
Paper 155 Starting at 3:47 PM, Ending at 3:55 PM
Hyperacute Cerebral Edema in Accidental Pediatric
Head Injury
Poskitt, K. · Singhal, A.
BC Children’s Hospital
Vancouver, BC, CANADA
PURPOSE
To describe the associated clinical and imaging observations
in five cases of accidental pediatric head trauma that demonstrated diffuse, extensive cerebral edema within 4 hours of
injury.
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RESULTS
In 21 patients distortion of the DS lumen was found in the
PCSCT scan (the “positive PCSCT” group), 6% of the
patients with fracture, and 50% of the patients with fracture
adjacent to DS. The Glasgow Coma Scale on arrival was 1415 in about 50% of the patients in both groups. On the other
hand more cases with severe injury (GCS 3-8) were found in
the positive PCSCT group (33%) in comparison with the
negative PCSCT group (20% Pv < 0.05). In the positive
PCSCT group, direct clues to obstruction in the NCCT scan
were found in only eight patients (38%). However the
“dense triangle sign,” has 100% positive predictive value, by
a positive filling defect in the same location, the “empty ∆
sign”. In seven patients (33%) with established obstruction
of the DS on PCSCT scan, the initial NCCT scan has shown
no clue to obstruction except from the presence of a fracture
line adjacent to DS. Notably; five patients out of this group
were injured severely and found to have complete obstruction of the DS lumen in the PCSCT scan. The transverse
sinus and sigmoid sinus were involved most frequently (81%
and 48% of patients respectively). In 11 patients (52%) the
mechanism of obstruction was pure extradural (hematoma or
bone fragment) without any intraluminal filling defect.

MATERIALS & METHODS
Patients with brachial plexus injury related to birth trauma
were referred by pediatric neurologists and neurosurgeons
for brachial plexus MRN (May 2003-present). Patients had
MRN on either a Philips or General Electric (GE) 1.5 T magnet. Coronal and axial inversion recovery sequences
(Philips: TR/TE 2200-4750/20-6, TI 160-170, FOV 160180; GE: TR 3367-7867/30-73, TI 150-180, FOV 100-180),
T1 pre and postgadolinium with fat saturation coronal and
axial images (Philips: TR/TE 465-700/12-14, FOV 160-180;
GE: TR/TE 472-700/8-21, FOV 120-220 ). Images were
reviewed by a neuroradiologist blinded to the electrodiagnostic data and clinical examination. Clinical history, examination, electrodiagnostic tests, and operative findings were
obtained.
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MATERIALS & METHODS
Five children were identified over 4 years with well documented, independently observed head trauma and imaging
that demonstrated diffuse cerebral edema within 4 hours of
injury. A retrospective review of the clinical and radiologic
findings in these children was undertaken.
RESULTS
The documented trauma included four falls and one MVA in
children who ranged in age from 4 months to 14 years. All
patients were unconscious from the time of injury until
death, which occurred within 48 hours of the insult. Imaging
included CT studies an average of 3 hours after trauma
(range 1-4 hours). Additional serial studies including 10 CT,
2 Xenon CT, 1 MR and 2 ultrasound Doppler studies of the
carotids were performed. Only one child had a skull fracture
while 4/5 demonstrated transtentorial herniation and 5/5 had
subdural blood in at least one location along the falx, tentorium, or over the convexity. The volume of extra axial blood
did not account for the degree of mass effect and herniation.
All cases also showed diffuse, extensive low density changes
throughout both cerebral hemispheres. Variable patterns of
decreased attenuation in the basal ganglia and midbrain were
noted in 4/5 cases. Cerebral blood flow was measured in two
cases. Xenon CT documented cortical flows of < 3 ml/100
gm tissue/min. MR angiography failed to demonstrate flow
beyond the distal internal carotid arteries. Doppler ultrasound and quantitative MR flow measurements both documented reversed diastolic flow in the ICAs indicating elevated resistance and ICP. Intracranial pressures was measured directly in two other cases and showed markedly elevated ICP.
CONCLUSION
The rapid onset of diffuse cerebral edema has been described
in nonaccidental trauma where there is often debate about
the magnitude, timing, and type of the injury. Few cases have
been described in accidental trauma. We have documented
hyperacute cerebral edema to occur in as little as 1 hour after
accidental head trauma in children and have documented this
phenomenon in five children whose trauma was observed
independently. All children were unconscious from impact
until death and there appears to be an association with a
rapid elevation of ICP and marked cerebral ischemia. The
precise mechanism causing such a rapid irreversible injury to
the brain remains unknown.
KEY WORDS: Cerebral, edema, trauma
Paper 156 Starting at 3:55 PM, Ending at 4:03 PM
Assessment of Cerebral Hemodynamics by Transcranial
Doppler Ultrasound in Head-Injured Patients
Gad, K. A.1,2 · Khalil, T. H.1 · Abo Saif, A. N.1 · El-Nesr, M.
M.1
1

Suez Canal University Hospital, Ismailia, EGYPT, 2The
Johns Hopkins Medical Institutions, Baltimore, MD

PURPOSE
Head trauma is a serious, common health problem with significant mortality and morbidity. With the advent of transcranial Doppler ultrasound (TCD) in 1982, a repetitive,
thorough and noninvasive assessment of the cerebral arteries
has become possible. The main purpose of our study was to

describe the pattern of Doppler changes in head-injured
patients which suggest a disturbance in cerebral hemodynamics, and we were concerned mainly with: arterial
vasospasm, intracranial hypertension, and cerebral hypoperfusion.
MATERIALS & METHODS
Forty head-injured patients equally representing hemorrhagic and nonhemorrhagic traumatic brain pathology were
enrolled in the study. The severity of head injury was determined according to the Glasgow Coma Scale (GCS) followed by CT examination of the head. Then serial TCD
examinations (over 1 week) were carried out measuring the
mean velocity (MV), pulsatility index (PI) of the middle
cerebral arteries. Arterial vasospasm was established as elevated MV (> 120 cm/sec) in 10 (25%) patients, all of them
belong to the hemorrhagic group. Elevated intracranial pressure (intracranial hypertension) which is caused mainly by
cerebral edema or by an intracranial expanding mass lesion
was reported as abnormally high PI (> 1.4) in 12 (30%)
patients, all of them belong to the hemorrhagic group.
RESULTS
We suggested that the presence of posttraumatic intracranial
hemorrhage is a strong predictor of disturbed cerebral hemodynamics. We also recommended that TCD examination
should be considered as a complimentary step in the management plan of head-injured patients.
CONCLUSION
Further investigations are still needed to fully understand the
complex cerebrovascular changes and the diagnostic value
of transcranial Doppler ultrasound in head injury.
KEY WORDS: Transcranial Doppler ultrasound, head trauma
Paper 157 Starting at 4:03 PM, Ending at 4:11 PM
Time Course of Diffusion Tensor Imaging in Wallerian
Degeneration after Cerebral Ischemic Stroke
Liu, X. · Tian, W. · Ekholm, S. · Westesson, P.
University of Rochester School of Medicine & Dentistry
Rochester, NY
PURPOSE
To evaluate dynamic change of the diffusion tensor imaging
(DTI) in wallerian degeneration (WD) by cerebral ischemic
stroke.
MATERIALS & METHODS
Forty-two scans of 28 patients (21 males, 7 females), ages
ranged from 11 hours to 1 year, after MCA territory ischemic
stroke, which involved cortical spinal tract (CST), were analyzed, including 12 patients accepted to a series of DTI
examination (EPI sequence TR/TE = 8000/85, b value
1500s/mm2,13 directions) in GE Signa 3 T after stroke onset.
Trace apparent diffusion coefficient (trace ADC), fractional
anisotropy (FA), anistropy index (AI) of DTI in regions of
cerebral peduncle were calculated. According to the time
post stroke onset, all data were divided into 4 groups. Group
1: scans in the first week after stroke onset. Group 2: from 2
weeks to 4 weeks. Group 3: 5-14 weeks. Group 4: after 14
weeks. Trace ADC, FA, AI of lesion side cerebral peduncle
and rFA (lesion side FA/contralateral side FA), rAI in each
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group were compared by one-way ANOVA; above parameters of first scan and second scan in 12 patients were analyzed with paired t-test.

CONCLUSION
Diffusion tensor imaging could reveal progressive decrease
of anisotropy along CST in WD, which corresponds to
dynamic revolution of WD from early physical and chemical
change to gliosis and volume loss in the late WD.
KEY WORDS: Wallerian degeneration, diffusion tensor imaging, ischemic stroke

RESULTS
In all 55 cases, the main vertebra giving origin to psoas was
reliably identified. The identification was best made out in
the coronal plane followed by axial plane in all cases.
Sacralization was evident in five cases (9%) and lumbarization in two cases (3.6%). Among the five cases of sacralization, three cases showed origin of psoas from L1 vertebra
and two cases showed origin from D12 vertebra. In both
cases of lumbarization psoas originated from L2 vertebra.
Overall, the psoas originated from L1 vertebra in 51 cases
(92.7%). Origin of psoas from D12 vertebra was seen in two
cases (3.6%) and from L2 vertebra in two cases (3.6%).
CONCLUSION
It is possible to accurately localize L1 vertebra based on the
origin of psoas in majority of the cases undergoing MR
imaging of lumbosacral spine. Presence of sacralization may
be made out based on the origin of psoas.
KEY WORDS: Lumbosacral, spine, psoas

Paper 158 Starting at 4:11 PM, Ending at 4:19 PM
Prospective Analysis of Origin of Psoas Muscle in
Reliably Predicting the Level of L1 Vertebra on MR
Imaging
Krishnamoorthy, T. · Thomas, B. · Gupta, A. K. · Kesavadas,
C. · Kapilamoorthy, T. R. · Burathoki, S.
Sree Chitra Tirunal Institute for Medical Sciences and
Technology
Trivandrum, INDIA
PURPOSE
Accurate identification of the level of intervertebral disk is a
vital step before performing surgery on an affected disk in
lumbosacral spine. Inaccurate identification of the level of
disk may lead to surgery on a normal disk with consequent
medicolegal problems. Although imaging entire spine will
be helpful to accurately identify the level of disk, time constraints may preclude such efforts. Since psoas muscle originates from L1 spine, identifying its origin may be useful to
localize the level of disk in imaging of lumbosacral spine
accurately.
MATERIALS & METHODS
Fifty-five cases were studied prospectively with MR imaging of lumbosacral spine to identify the origin of psoas muscle in relation to L1 vertebra from April 2005 to October
2005. Among the 55 patients there were 32 females and 23
males. Age of these patients ranged from 3 months to 82
years with a mean of 40 years. In majority of the patients
indication for imaging was low back pain. MR imaging was
performed on a 1.5 T unit with phased-array spine coil. After
obtaining 2D FLASH scout image of lumbosacral spine in
sagittal, coronal, and axial planes, T1-weighted SE and T2weighted TSE axial and sagittal images were acquired. T2weighted TSE image of the whole spine was obtained in
sagittal plane to identify L1 vertebra by counting down from

Paper 159 Starting at 4:19 PM, Ending at 4:27 PM
Morphologic Change after Vertebroplasty
Osteoporotic Burst Fractures

for

Hiwatashi, A. · Westesson, P. A.
University of Rochester Medical Center
Rochester, NY
PURPOSE
To evaluate morphologic changes in vertebral bodies with
osteoporotic burst fractures treated with percutaneous vertebroplasty.
MATERIALS & METHODS
We reviewed cases of osteoporotic vertebral fractures treated with vertebroplasty. Twenty-one patients (25 vertebrae)
revealed burst fractures on CT or MR imaging before procedure. All patients obtained CT after treatment. Vertebral
body height and wedge angle of treated vertebra were measured before and after vertebroplasty.
RESULTS
Mean increase in vertebral body height was 2.6 mm anteriorly, 1.8 mm centrally, and 0.4 mm posteriorly. Mean
decrease in wedge angle was 4.7 degrees. There were statistically significant differences in height and wedge angle
before and after the treatment (P < .05).
CONCLUSION
Percutaneous vertebroplasty increases vertebral height and
decreases wedge angle in osteoporotic burst fractures.
KEY WORDS: Vertebroplasty, burst fracture
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RESULTS
One-way ANOVA shows there is decrease trend of mean FA
and AI from groups 1 to 4; accompany with rAI of group 1
is higher than other three groups, P < 0.01; and mean FA
value of group 4 is significantly lower than group 1, P <
0.01; which corresponds to increased high T2 signal band
along the lesion side CST. There is no significant difference
of other parameters among groups, although there is an
increased trend of trace ADC. Paired t-test result reveals that
there is significant difference of decreased FA, increased
trace ADC (P < 0.01); and decreased rFA (P < 0.05) between
first and second scan in 12 patients who were followed with
MR scans.

C1 vertebra. Origin of psoas was assessed in all three planes.
The first vertebra whose lateral border was covered completely by psoas in the axial plane was considered as the vertebra giving origin to psoas. The cranial most part of psoas
was identified in coronal and sagittal planes to complement
the findings in axial plane.
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Paper 160 Starting at 4:27 PM, Ending at 4:32 PM
Dural Venous Thrombosis Associated with Closed Head
Injury
Allred, J. W. · Aulino, J. M.
Vanderbilt University Medical Center
Nashville, TN

Tuesday

PURPOSE
To discuss and increase the awareness of the association of
closed head injury with the development of dural venous
sinus thrombosis, an under-recognized entity in this clinical
setting.
MATERIALS & METHODS
Patient 1 was a 17-year-old male who was an unrestrained
passenger involved in a motor vehicle collision. The patient
suffered multiple injuries including a C6 burst fracture, a
skull fracture, and areas of intracranial hemorrhage. The
patient had thrombosis of the torcula and right transverse
sinus. Patient 2 was a 23-year-old male who was involved in
a significant motorcycle collision. His injuries included burst
fractures of L2 and L3, as well as sternal and extremity fractures. There were skull fractures and areas of intracranial
hemorrhage. The patient had thrombosis of the left transverse and sigmoid sinuses, left jugular bulb, and the straight
sinus. Given the areas of intracranial hemorrhage, neither
patient was fully anti-coagulated, rather both were started on
aspirin, 325 mg per day. Neither patient suffered any known
complications from dural venous sinus thrombosis.
RESULTS
Patient 1 had a comminuted, nondepressed right parietal
bone fracture which extended inferiorly to the right occiput.
Intracranially, the patient had small, bilateral subdural
hematomas (SDH), scattered subarachnoid hemorrhage
(SAH), and areas of hemorrhagic shear injury. The initial
head CT exam demonstrated increased attenuation along the
posterior edge of the right tentorium in the expected location
of the transverse sinus, initially felt to represent SDH.
Follow-up MR imaging demonstrated both a lack of a flow
void and a lack of contrast enhancement in the torcula and
right transverse sinus confirming dural venous thrombosis.
Patient 2 had left occipital, right temporal and bifrontal contusions, a small right SDH, a tiny amount of SAH, skull base
fractures, including a transverse left petrous temporal bone
fracture, and left lambdoid suture diastasis. The initial head
CT exam demonstrated increased attenuation along the posterior edge of the left tentorium in the expected location of
the transverse sinus, initially felt to represent SDH. MR
venogram and contrast-enhanced brain MR exam demonstrated thrombosis of the left transverse and sigmoid sinuses,
left jugular bulb, and the straight sinus.
CONCLUSION
There are many known causes of dural venous sinus thrombosis, including infection, dehydration, pregnancy, oral contraceptive use, and hypercoagulable states. While penetrating injuries and depressed skull fractures adjacent to dural
sinuses are familiar causes of dural venous sinus thrombosis,
closed head injury with nondepressed fractures appears to be
an under-recognized etiology, particularly in the radiology
literature. Both patients demonstrated asymmetric increased
attenuation along the posterior margin of the tentorium,

which the interpeting radiologist felt was layering SDH. In
both patients, this finding actually represented the thrombosed dural venous sinus, also known as the “dense vein”
sign. MR imaging is a useful imaging adjunct to confirm the
presence of dural venous sinus thrombosis. The possibility
of dural venous sinus thrombosis should be considered carefully when patients with closed head trauma present with
increased attenuation along the course of a dural sinus.
KEY WORDS: Dural venous sinus, thrombosis, trauma
Paper 161 Starting at 4:32 PM, Ending at 4:37 PM
Corpus
Callosum
Lesion
after
Ventricular
Decompression for Hydrocephalus: A Rare Lesion
Morimoto, A. K. · Salzman, K. L. · Osborn, A. G.
University of Utah
Salt Lake City, UT
PURPOSE
We present a rare lesion of the corpus callosum that occurred
after ventricular decompression for hydrocephalus. The
characteristic appearance and the history aid in avoiding the
pitfall of misdiagnosing this as a more aggressive lesion of
the corpus callosum.
MATERIALS & METHODS
A 22-year-old woman presented with headache and a past
history significant for ventriculoperitoneal shunt with revisions, the most recent being 2 years prior to presentation for
shunt failure. The patient initially had her shunt placed for
obstructive hydrocephalus from aqueductal stenosis at age 3
weeks and had revisions performed at age 5 and 20 years.
The shunt was deemed functional by neurosurgery, and she
was referred to neurology for her headaches. The headaches
later were felt to be unrelated to the shunt as the symptoms
resolved after analgesic therapy. Screening for hydrocephalus, infection, and venous sinus thrombosis were all
negative.
RESULTS
A CT scan was performed that demonstrated a right parietal
ventriculostomy shunt with normalization of the ventricular
size compared with the preshunt revision study. There was a
new confluent region of low attenuation within the body of
the corpus callosum. This low attenuation region corresponded to abnormal T1 and T2 prolonged signal that
involved the white matter tracts of the corpus callosum
(image below) in a characteristic pattern consistent with
compressive injury. There was associated mild enlargement
of the corpus callosum. The patient had findings of underlying aqueductal stenosis. Pertinent negative imaging findings
were normal ventricular size and an MR venography (MRV)
that demonstrated no evidence for venous thrombosis.
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CONCLUSION
The pattern of signal alteration within the body of the corpus
callosum demonstrated on MR imaging after shunting for
obstructive hydrocephalus is characteristic. The pathophysiology is thought to be a result of chronic injury of the corpus
callosum resulting from relatively long-standing compression of the fibers of the corpus callosum against the undersurface of the falx. The pattern differs significantly from the
imaging differential considerations including infiltrating
tumors with a relative lack of mass effect, infarct, and
demyelinating diseases. Recognition of this distinctive
appearance will help to avoid the pitfall of misinterpreting
these findings as a more aggressive process, as well as
avoidance of unnecessary intervention.
KEY WORDS: Corpus callosum, injury, chronic hydrocephalus
Paper 162 Starting at 4:37 PM, Ending at 4:42 PM
Embolization of the Cavernous Sinus Using Onyx® in
Three Patients with Direct Carotid-Cavernous Fistulae

RESULTS
In all three cases there were high-flow direct carotid-cavernous fistulae with drainage into the superior ophthalmic
veins. Case 3 proved also to be diagnostically interesting.
The left carotid angiogram from the first admission, when
reviewed retrospectively, showed cross filling of the right
middle cerebral artery and retrograde filling of the right terminal internal carotid artery, neither of which were present
on the second left carotid study. The initial injury had
occluded the right internal carotid artery, which upon
recanalization a few days later, opened up the fistula. In all
three cases, embolization of the fistulae was performed with
the patient under general anesthesia. A microcatheter was
manipulated through the defects in the internal carotid arteries and into the cavernous sinuses. Nondetachable remodelling balloons then were inflated within the internal carotid
artery to cover the fistulae. High density Onyx® (HD-500)
[disclaimer - not licensed for this use] was injected very
slowly into each of the cavernous sinuses. Total occlusion of
the cavernous sinuses was achieved in cases 1 and 2 and
90% occlusion was achieved in case 3. Minor reflux of the
Onyx® into the internal carotid artery signalled the end of
the procedure in case 3. This fistula had not been cured
angiographically at this stage; however the proptosis had significantly reduced and antegrade arterial flow had improved
indicating a reduction in the size of the fistula. MR angiography 4 days later showed resolution of superior ophthalmic
vein dilatation. Clinical symptoms relating to the fistulae
resolved in all three cases.

Bradley, M. D. · Renowden, S. A. · Molyneux, A. J.

CONCLUSION
These cases demonstrate the successful use of high density
Onyx® (HD-500) with balloon protection of the internal
carotid artery to embolize direct carotid-cavernous fistulae.

Frenchay Hospital
Bristol, UNITED KINGDOM

KEY WORDS: Carotid-cavernous fistula, embolization, Onyx

PURPOSE
Onyx® is a copolymer of ethylene vinyl alcohol which in its
various formulations may be used as an embolic agent for
the treatment of arteriovenous malformations and saccular
intracranial aneurysms. We describe three patients with
direct carotid-cavernous fistulae who underwent embolization of the cavernous sinus with high density Onyx® (HD500) using internal carotid artery balloon protection.

Tuesday

MATERIALS & METHODS
Case 1: A 50-year-old woman was involved in a road traffic
accident and presented with bilateral proptosis and conjunctival injection due to bilateral carotid-cavernous fistulae.
Case 2: A 70-year-old man underwent trans-sphenoidal pituitary surgery for recurrence of a nonfunctioning pituitary
adenoma. The surgery was complicated by damage to the left
intracavernous carotid artery and he developed a left-sided
direct carotid-cavernous fistula. Case 3: A 43-year-old man
was stabbed with a 10” kitchen knife through the medial canthus of the left eye, sparing the globe. He presented with a
subarachnoid hemorrhage, but a limited left carotid
angiogram was normal. Movements of the left eye were
restricted in all directions of gaze due to local inflammation.
He self-discharged at 1 week, re-presenting a week later with
a normal left eye, but painful proptosis on the right and
reduced visual acuity due to a right-sided direct carotid-cavernous fistula.
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Paper 163 Starting at 4:42 PM, Ending at 4:47 PM
Intracranial Arterial Dissection and Subarachnoid
Hemorrhage following Child Abuse and the
Endovascular Management of this Lesion with Coil
Occlusion
Nguyen, P. H.1 · Burrowes, D.2 · Shaibani, A.1

KEY WORDS: Dissection, child abuse, coil occlusion

1

Tuesday

Northwestern Memorial Hospital, Chicago, IL, 2Childrens
Memorial Hospital, Chicago, IL

ential when faced with this radiographic finding in infants
and children. Secondly, we stress the importance of timely
treatment of this lesion based on a review of the literature
and illustrate a successfully treated intracranial dissection
with a detachable coil at the dissection site.

PURPOSE
As morbidity and mortality in child abuse are usually the
result of injuries to the central nervous system, it is of great
importance to continue to define the pattern of craniocerebral injuries seen in abused infants. We report a case of
intracranial vertebral artery dissection with subarachnoid
hemorrhage following child abuse to add to the possible patterns of cerebral hemorrhage due to nonaccidental trauma.
We also discuss the endovascular management of this lesion
with coil occlusion. Vertebrobasilar dissection involving the
intradural compartment may result in life-threatening SAH.
Furthermore, the high incidence of early rebleeding and its
associated increased mortality underscores the importance of
timely and accurate treatment of this lesion.
MATERIALS & METHODS
The patient is a 12-week-old male full-term infant delivered
by spontaneous vaginal delivery. The patient presented on
two separate occasions to the emergency department. The
second presentation was at 12 weeks of life and revealed a 2day history of lethargy, decreased oral intake, and crossed
eyes per the mother. On physical exam he was found to be
febrile with a bulging anterior fontanelle and bilateral cranial
nerve VI palsy. The mother denied any history of head trauma.
RESULTS
A noncontrast head CT showed generalized hydrocephalus
and a subarachnoid hemorrhage localized to the prepontine
cistern. The patient’s brain and spine MR and MRA examinations revealed no vascular malformations. Subsequent
ophthalmologic exam revealed bilateral retinal hemorrhages
and skeletal films revealed bilateral bucket-handle fractures
of the tibia. Nonaccidental trauma was highly suspected at
this point. A CT angiogram showed short segment narrowing
of the intradural segment of the left vertebral artery, suspicious for possible dissection. A 2-vessel angiogram was performed which confirmed irregular narrowing of the intracranial segment of the left vertebral artery, immediately distal to
the origin of the posterior inferior cerebellar artery (PICA),
consistent with a dissection. The decision was made to treat
this lesion by an endovascular approach by placement of a
detachable coil at the dissection site, distal to the PICA origin. This was performed successfully with no intra or postprocedural complications and the patient did well with no
episodes of rebleeding or ischemic sequelae of dissection.
CONCLUSION
The radiologist often may be the first to suggest the possibility of nonaccidental trauma upon identification of a certain pattern of skull fractures and intracranial hemorrhages.
We report this case to add to the possible patterns of cerebral
hemorrhage due to nonaccidental trauma and hope that
future clinicians will consider this diagnosis in their differ-
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Paper 164 Starting at 3:15 PM, Ending at 3:23 PM
Quantitative Short Echo Time 1H Magnetic Resononace
Spectroscopy of Pediatric Pontine Gliomas: Diagnosis
and Characterization
Jackson, H. A.
Childrens Hospital Los Angeles
Los Angeles, CA
PURPOSE
Diffuse pontine gliomas in children have a poor prognosis,
with a mean survival rate of less than 1 year despite therapy.
The diagnosis generally is made using traditional MR imaging. A few pontine masses with typical MR characteristics,
however, do not follow the expected clinical course with
patients surviving beyond 18 months. The purpose of this
study is to characterize and compare typical and nontypical
(long term survivor) pontine gliomas with quantitative short
echo time (TE) MR spectroscopy (MRS) using absolute
quantitation of metabolite concentrations (in mmol/kg tissue). The data from these lesions were compared to the MRS
of pathology proven astrocytomas in other brain regions to
(1) describe metabolic features that distinguish histiologic
differences in the pontine gliomas from one another and (2)
possibly predict the diagnosis and potential prognosis of the
specific pontine tumors.
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MATERIALS & METHODS
MR and MRS examinations of 18 patients with pontine
gliomas were performed with an IRB-approved protocol,
including 15 cases of typical pontine gliomas and three nontypical long-term survivor pontine gliomas. Single voxel
proton MRS with a TE of 35 ms was performed and absolute
metabolite concentrations were determined using a fully
automated quantitation and LC model. These cases were
compared with MRS data from 17 pathology-proven pilocytic astrocytomas, five anaplastic astrocytomas, and three
low-grade astrocytomas.

CONCLUSION
The proton MRS metabolite pattern is different between the
typical pontine gliomas and the nontypical long-term survivor pontine gliomas, particularly with respect to absolute
myo-inositol and creatine concentrations. Typical diffuse
pontine gliomas demonstrate a reproducible MRS pattern
which is similar to other high-grade astrocytomas. The longterm nontypical pontine gliomas survivors demonstrate an
MRS pattern which is similar to pilocytic astrocytomas.
This paper was selected by the Western Neuroradiological
Society (WNRS) to receive the Gabriel H. Wilson Award for
the best paper presented at its 37th Annual Meeting held in
September/October 2005.
Paper 165 Starting at 3:23 PM, Ending at 3:31 PM
Quantitative Short-Echo Time 1H MR Spectroscopy of
Untreated Pediatric Brain Tumors: Preoperative
Diagnosis and Characterization
Panigrahy, A. · Krieger, M. · Gonzalez-Gomez, I. · Liu, X. ·
McComb, G. J. · Finlay, J. L. · Nelson, M. D. · Gilles, F. H. ·
Bluml, S.
Children’s Hospital Los Angeles
Los Angeles, CA
PURPOSE
Most of the 1H MRS studies of pediatric brain tumors have
employed long echo times (TE) and have focused on evaluating abnormalities of N-acetyl-aspartate (NAA), total
choline (tCho), and lactate (Lac) by analysis of ratios relative to creatine (Cr). Short TE MRS permits the observation

MATERIALS & METHODS
MR examinations of 60 patients with untreated brain tumors
(14 medulloblastoma, five anaplastic astrocytoma, three
low-grade astrocytoma, 17 pilocytic astrocytoma, four
anaplastic ependymoma, five ependymoma, three choroid
plexus papilloma, three choroid plexus carcinoma, and six
pineal germinoma) were reviewed. Single voxel proton MRS
with a TE of 35 ms was performed and absolute metabolite
concentrations were determined using fully automated quantitation. Metabolite concentrations in mmol/kg tissue of Nacetyl-aspartate (NAA), creatine (Cr), total choline (tCho),
myo-inositol (mI), glutamate (Glu), glutamine (Gln), scylloinositol (sI), taurine (Tau), lactate (Lac), alanine (Ala), and
guanidinoacetate (Gua) were determined. The lipids and
macromolecule contributions to the spectra were analyzed
also. Because the number of equivalent protons per lipid
molecule or macromolecule is unknown these entities cannot
be quantified in absolute concentrations and arbitrary
absolute intensities are reported. In this study the combined
lipid and macromolecule signals at approximately 0.9 ppm
(LipMM09) and at approximately 1.3 ppm (LipMM13) were
determined. MRS data were evaluated in respect to their discriminatory power between (1) a single tumor type and “All
Other” tumors and (2) between pairs of tumor types.
RESULTS
Taurine was elevated significantly in medulloblastomas (p <
0.00001) when compared with all other tumors pooled (“All
Other”). Creatine (Cr) was reduced significantly in pilocytic
astrocytoma, distinguishing them from “All Other” (p <
0.000001). The MR spectra of choroid plexus papillomas
exhibited low Cr (p < 0.01) concentrations; however, myoinositol was elevated (p < 0.01) and total choline (tCho) (p <
0.0001) was reduced relative to “All Other”.
Guanidinoacetate was reduced in low-grade astrocytoma and
anaplastic astrocytoma (p < 0.00001) vs “All Other,” whereas ependymoma and anaplastic ependymoma exhibited particularly low N-acetyl-aspartate (p < 0.00001 vs “All
Other”). In this study, there was no correlation between
LipMM and tumor grade. Prominent LipMM resonances
were observed in some, but not all, spectra of medulloblastoma and choroid plexus carcinoma. High LipMM intensities also were measured in pineal germinoma responding
well to chemotherapy. The intensity of the LipMM resonances in these classes exhibited considerable heterogeneity
manifested by large standard deviations. In contrast to earlier studies of adult astrocytoma, there was no difference
between low-grade astrocytoma and more malignant
anaplastic astrocytoma in respect to the intensity of the
LipMM levels.
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RESULTS
The mean absolution concentration of Cr was increased relatively in the typical pontine gliomas compared to nontypical pontine gliomas (3.5 + 0.8 mmol/kg compared to 1.3 +
0.9 mmol/kg, p< 0.05). The mean absolute concentration of
choline was not statistically different between the typical
pontine glioma group and the nontypical pontine glioma
group. The mean absolute NAA concentration was elevated
slightly in the typical pontine glioma group compared to the
nontypical pontine glioma group (2.5 + 1.0 mmol/kg compared to 1.5 + 0.5 mmol/kg, p< 0.05). The mean absolute
concentration of myo-inositol was markedly elevated in the
typical pontine glioma group compared to the nontypical
pontine glioma group (7.3 + 3 compared to 2.0 + 2.1; p<
0.019). The three long-term nontypical pontine glioma survivors had MRS patterns similar to the pilocytic astryocytomas. The other pontine gliomas have MRS patterns that
were similar to the other types of high-grade astrocytomas in
the database.

of more metabolites, including taurine, guanidinoacetate,
and lipids. The purpose of this study was to (1) evaluate the
metabolic profiles of pediatric brain tumors with short echo
time (TE) MR spectroscopy (MRS) and absolute quantitation of metabolite concentrations (in mmol/kg tissue); (2) To
describe metabolic features that distinguish individual tumor
types from one another and may help to improve preoperative diagnosis of specific tumors, particularly in regards to
metabolites which have not been studied including guanidionoacetate.
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CONCLUSION
Quantitative short-echo proton MRS reveals features of
pediatric brain tumors which are likely to improve preoperative diagnoses.

number of cases studied, PC/GPC tended to be higher for
tumors with higher expression of Ki-67 whereas there was
no trend discernable for tCho (Fig1C).

KEY WORDS: MR spectroscopy, brain neoplasms, preoperative diagnoses
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This paper was selected as the 2006 Cornelius G. Dyke
Memorial Award. This paper represents original, unpublished research in some aspect of neuroradiology.
Paper 166 Starting at 3:31 PM, Ending at 3:39 PM
Proton-Decoupled 31P and 1H MRS of Medulloblastoma:
Correlation with Histologic Markers of Tumor
Proliferation
Panigrahy, A. · Krieger, M. · Gonzalez-Gomez, I. · Schofield,
D. · McComb, G. J. · Finlay, J. L. · Nelson, M. D. · Gilles, F.
H. · Bluml, S.
Children’s Hospital Los Angeles
Los Angeles, CA
PURPOSE
Whereas proton (1H) MRS allows only the quantitation of
the sum of all choline containing compounds (tCho), the
combination of 31P and 1H MRS allows the quantitation of the
individual components of the choline peak in vivo [phosphocholine (PC) and glycerophosphocholine (GPC)]. We
hypothesize that higher levels of PC correlates with a higher
index for tumor proliferation. The purpose of this study was
to: (1) Characterize the composition of the choline peak of
untreated pediatric brain tumors with proton-decoupled 31P
MRS and quantitative 1H MRS; (2) Correlate the level of
choline containing compounds and tumor proliferation in
medulloblastoma using the Ki-67 histologic staining (marker for tumor proliferation).
MATERIALS & METHODS
Nine patients with untreated brain tumors (5 medulloblastoma and 4 other tumor types) and six controls were studied
with proton-decoupled 31P MRS and quantitative 1H MRS.
Tumor proliferation was determined by measuring the Ki-67
expression index using the Affymetrix (Santa Clara, CA)
human genome U133 Plus 2.0 chip. Independently, Ki-67
antibody stained slices were evaluated.

CONCLUSION
Based on studies of cell lines and animal models,in particular, elevated intracellular PC pools and an increased PC/GPC
ratio are associated with increased malignancy. Proton MRS
can only quantify total choline. Our preliminary data suggest
that proton-decoupled 31P MRS may provide important
information to assess the malignancy of tumors in individual
patients better than proton MRS alone.

RESULTS
The PC/GPC ratio was significantly higher in medulloblastoma (2.97 ± 0.93) than in other tumors (0.65 ± 0.30, p <
0.0001) or in controls (0.45 ± 0.13, p < 0.0001). A quantitative comparison of total phosphorylated cholines measured
with 31P MRS and total choline measured with 1H MRS
showed that in tumors a large fraction of the choline signal
(> 54 ± 36%) was not accounted for by PC and GPC. The
fraction of unaccounted choline was particularly large in
medulloblastoma (> 78 ± 7%). Mean Ki-67 expression was
two-fold higher in medulloblastoma than in other tumors
[1400 ± 640 vs 760 ± 780 (arbitrary units of expression)];
however was statistically not different due to the significant
scatter in both patient groups. Within medulloblastoma significant variations of the metabolic profile and of Ki-67
expression were observed (Fig 1A and B). In the limited

KEY WORDS: Medulloblastoma, choline, tumor
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Paper 167 Starting at 3:39 PM, Ending at 3:47 PM
Integrative Radiogenomic Analysis to Identify a
Noninvasive Imaging Phenotype Associated with EGFR
Overexpression in Glioblastoma Multiforme

Paper 168 Starting at 3:47 PM, Ending at 3:55 PM
Region-of-Interest Analysis versus Non-Region-ofInterest Histogram Analysis in the Evaluation of
Cerebral Gliomas

Kuo, M. D.1 · Diehn, M.1 · Nardini, C.1 · Wang, D.1 · Cha, S.2

Young, R. J. · Pollack, E. · Lu, H. · Babb, J. · Johnson, G. ·
Law, M.

1

University of California San Diego Medical Center, San
Diego, CA, 2University of California San Francisco Medical
School, San Francisco, CA

New York University Medical Center
New York, NY
PURPOSE
Dynamic susceptibility contrast perfusion MR imaging
(DSC MRI) of gliomas is analyzed most commonly using
region-of-interest (ROI) measurements. We compare the
routine ROI method with ROI and non-ROI histogram methods in the grading of glial neoplasms.

MATERIALS & METHODS
Twenty-two GBMs with MR imaging and matching cDNA
microarray gene expression data were analyzed. Using unsupervised microarray analyses, a region of EGFR amplification consisting of 10 genes on chromosome 7 was first identified from the ~2200 variably expressed clones analyzed
from the GBM microarray experiments. Ten predefined
imaging phenotypes then were graded by 2 radiologists on a
binary scale, in consensus, and blinded to the genomic information across the matched 22 GBMs. Using bioinformatics
analyses we determined the correlation between the imaging
phenotypes and the gene expression level of the EGFR
amplification cluster. Statistical significance then was evaluated.

MATERIALS & METHODS
Ninety-two patients with primary glial neoplasms underwent
conventional and DSC MRI. Routine ROI measurements of
the maximal glioma abnormality were determined from cerebral blood flow (CBFmax), cerebral blood volume (CBVmax)
and relative CBV (rCBVmax) color maps. The three histogram methods applied to CBF, CBV, and rCBV maps were
ROI-based 1) Tumoral (HT) and 2) Peritumoral (HP), and
non-ROI based 3) Total Tumoral (HTT) using all acquired
perfusion slices without segmentation. Perfusion metrics
were compared to histopathologic grades using a three-tiered
Ringertz system at volumetric resection or stereotactic biopsy. Statistical analysis was performed with independent
unequal variances samples t-test and Spearman’s correlation.
Bonferroni-correction was applied due to the large number
of correlations being examined and to exert familywise control over type I errors.

RESULTS
The ratio of tumor contrast enhancement to necrosis significantly correlated with gene expression of the EGFR amplification cluster (P = 0.023). Further, the expression level of the
genes of the EGFR amplicon were predictive of the contrastto-necrosis ratio (P = 0.016). In general, tumors that had high
ratios of contrast-to-necrosis correlated with overexpression
of the EGFR amplicon.
CONCLUSION
Using integrative radiogenomics analysis we demonstrate
that it is possible to identify noninvasive MR imaging phenotypes that correlate with gene expression of the EGFR
amplicon. Given the particular role of new targeted
chemotherapeutic agents, it is possible that such an approach
could be used in the future to help guide GBM tumor therapies on a tumor-by-tumor basis based on underlying tumor
gene expression. Further study is warranted.

RESULTS
Relative CBVmax was correlated significantly with tumor
grade (r = 0.734, p < 0.0001), outperforming CBFmax and
CBVmax metrics. HT-, HP- and HTT-rCBV analysis was significant using multiple measures (p < 0.0005). For the three
histogram methods, the highest correlations occurred with
HT-rCBV-SD (r = 0.718), HP-rCBV-SD25 (r = 0.724), and
HTT-rCBV-SD50 (r = 0.685). To differentiate low (I/III) and
high (II-III/III) grade tumors, rCBVmax exhibited significant
differences (p < 0.0001), as did HT-rCBV using median,
mean, SD, mean 50, SD50, mean 25, SD25, mean 10, SD10,
and peak position (p < 0.0005). Set at the same 95% sensitivity, the metrics achieved 80% specificity for rCBVmax and
up to 97% for HT, HP and HTT rCBV.

KEY WORDS: GBM, EGFR, genomics

Figure 1. (A) rCBVmax, (B) HT, (C) HP, and (D) HTT maps
with respective signal intensity and histogram curves are
shown for a glioblastoma multiforme spanning the corpus
callosum.
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PURPOSE
The epidermal growth factor receptor (EGFR) is overexpressed frequently in glioblastoma multiforme (GBM). We
tried to determine if MR imaging phenotypes correlated with
EGFR overexpression in GBM at a gene expression level
using genomic approaches.
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CONCLUSION
Glioma rCBV histogram analysis is nearly as effective as
rCBVmax analysis in grading cerebral gliomas. Further
refinement of the total tumoral histogram method may allow
for automated, non-ROI-based analysis of DSC MRI, potentially improving intraobserver, interobserver and interinstitutional reproducibility. This will allow multicenter trials for
novel antiangiogenic agents.

Tuesday

KEY WORDS: Brain, glioma, perfusion
Paper 169 Starting at 3:55 PM, Ending at 4:03 PM
Initial Experience in Detection of Brain Malignancy in
Routine Oncology Contrast-Enhanced PET CT Work Up
of 627 Patients
Marano, G. D. · Carpenter, J. · McCain, J.
West Virginia University
Morgantown, WV
PURPOSE
Our purpose was to describe our initial experience in the
detection of brain malignancy when contrasted PET CT of
the brain is part of the routine evaluation of patients referred
for oncology work up and compare the finding in those
patients who had gadolinium-enhanced MR imaging of the
brain with the PET CT.
MATERIALS & METHODS
A retrospective review conducted at our institution yielded
43 PET CT studies that were positive for brain malignancy
out of 627 contrasted PET CT exams performed on Biograph
16 PET CT. Recorded parameters were the presence or
absence of findings consistent with brain malignancy on
PET alone, PET CT, and gadolinium-enhanced MR imaging.
Sensitivity, specificity, and negative and positive predictive
values were calculated for each modality.
RESULTS
Positron emission tomography scan alone has low sensitivity for detecting brain tumors (83%), relative to MR imaging
(94%). However, the addition of fused contrast-enhanced CT
scans to PET images increases the sensitivity of tumor detection by revealing isometabolic or hypometabolic enhancing
masses with peripheral hypodensity, compatible with malignancy with surrounding edema. In our series, PET CT had a
sensitivity of 94%, comparable to that of MR imaging.
CONCLUSION
Contrast-enhanced PET CT of the brain is a useful technique
in detecting brain malignancy and is comparable to gadolinium-enhanced MR imaging in the detection of intracranial
malignancy.
KEY WORDS: Brain malignancy, PET CT, contrast

Paper 170 Starting at 4:03 PM, Ending at 4:11 PM
Neuroimaging Findings in a Phase 1 Trial of ZD 1839
(Iressa TM) and Radiation in Pediatric Patients with
Brain Stem Tumors or Incompletely Resected
Supratentorial Malignant Gliomas. A Report from the
Pediatric Brain Tumor Consortium
Poussaint, T. Y.1 · Geyer, J. R.2 · Vajapeyam, S.1 · Boyett, J.3
· Kocak, M.3 · Robertson, R. L.1 · Kun, L.3
1
Children’s Hospital Boston, Boston, MA, 2Children’s
Hospital & Regional Medical Center, Seattle, WA, 3St. Jude
Children’s Research Hospital, Memphis, TN

PURPOSE
The phosphorylation action of epidermal growth factor
(EGF) is a major component of mitogenic proliferation of
cells in glioma models. We report a prospective study of
novel imaging techniques to assess response in a phase 1
trial of ZD 1839, a selective inhibitor of the EGF receptor
tyrosine kinase with irradiation in pediatric malignant
gliomas.
MATERIALS & METHODS
A multiinstitutional Pediatric Brain Tumor Consortium
(PBTC-007) phase 1 study of ZD 1839 and irradiation was
done in children with malignant brainstem gliomas (BSG) or
incompletely resected supratentorial malignant gliomas
(MG). The patients were divided into two strata: Stratum 1A
were newly diagnosed BSG; strata 1B and 2 were newly
diagnosed MG with or without enzyme inducing anticonvulsant drugs, respectively. MR exams were obtained every 8
weeks for every other course of therapy. Trends were determined in the imaging data findings based on the last disease
assessment and image variables over time. The image variables included volumetric MR, echoplanar MR diffusion,
and MR perfusion.
RESULTS
There were 29 patients with disease evaluations consisting of
13 boys and 16 girls (15 BSG, 14 MG). Patients with stable
disease through last follow up had lower average tumor volumes which decreased over time compared to patients who
progressed. Diffusion values over time increased in stable
patients and decreased in progressive disease patients. In
patients with BSG, diffusion values were unchanged in stable patients and decreased in progressive disease patients.
Perfusion values increased in the brainstem tumors in both
the stable and progressive disease groups over time but had
higher values in the stable disease group. Intratumoral hemorrhage (ITH) was assessed as a potential effect of the regimen. Intratumoral hemorrhage was observed in 15 MR scans
in eight patients in only two instances associated with symptoms/signs. The majority of ITHs were small (hemorrhage
size estimate as percent of tumor: 0-25% in eight and 2650% in six), were seen on pretreatment scans in five patients
and were observed primarily in MGs (seven of eight
patients).
CONCLUSION
Treatment of brainstem gliomas and malignant supratentorial astrocytomas led to increased diffusion values over time
reflecting decreased cellularity and possibly increased apoptosis within the tumors. Perfusion values were higher in stable disease BSG which may represent the effect of decrease
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in abnormal tumor vessels within the tumors. Validation of
such results is ongoing by combining data across similar
treatment strategies and serial BSG trials in PBTC as well as
correlation with imaging findings in the ongoing PBTC 007
phase 2 trial.
KEY WORDS: Neoplasms, children
Paper 171 Starting at 4:11 PM, Ending at 4:19 PM
Neuroradiologic Characteristics of Astroblastomas and
Distinction from Potential Radiologic Mimics

1

University of Utah, Salt Lake City, UT, 2The Hospital for
Sick Children, Toronto, ON, CANADA, 3Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH

PURPOSE
Astroblastoma is a rare glial tumor of uncertain origin. Only
sporadic case reports and one small case series have
described the radiologic appearance of this uncommon
tumor. Many of the features previously identified are similar
to those of other primary malignant brain tumors. We report
the largest imaging series to date in order to further delineate
the CT and MR features of astroblastoma. We aim to identify those features that may be useful in distinguishing astroblastoma from other neoplasms.
MATERIALS & METHODS
The radiologic images, pathology reports, and clinical information of 12 patients with pathology-confirmed astroblastoma were reviewed retrospectively. Specifically, the CT and
MR imaging findings including location, morphology, signal
intensity and enhancement patterns were tabulated.
RESULTS
Features of astroblastoma helpful in distinguishing it from
other primary brain tumors include age at initial diagnosis,
supratentorial location, presence of multiple intratumoral
cysts, absence of parenchymal infiltration or peritumoral
edema, and rim enhancement pattern on postcontrast T1weighted images. Patients in this study ranged in age from 0
(newborn) to 50 with a mean of 20. There were 1 male and
11 female patients. All tumors were supratentorial. There
was no infiltration or peritumoral edema in 5 (42%) of the 12
cases, while 3 (25%) showed only mild amounts, 2 (17%)
had moderate amounts, and 2 (17%) had extensive amounts.
There were multiple intratumoral cysts in 10 (83%) of 12
cases. Of the 10 tumors identified with cystic components, 7
(70%) showed strong rim enhancement, 2 (20%) showed
incomplete rim enhancement, and 1 (10%) showed no rim
enhancement.
CONCLUSION
Imaging features of astroblastoma are identified in 12 previously unreported cases. Distinguishing features that can be
used to narrow the differential diagnosis with more common
primary brain neoplasms reflect a combination of age,
anatomical location, and specific imaging findings such as
rim enhancement, absence of parenchymal infiltration or
peritumoral edema, and a multicystic “bubbly” appearance.
KEY WORDS: Astroblastoma, characteristics, features

Preece, M. T.1 · Osborn, A. G.1 · Chin, S. S.1 ·
Smirniotopoulos, J. G.2
1

University of Utah, Salt Lake City, UT, 2Uniformed Services
University, Bethesda, MD

PURPOSE
Intracranial neurenteric (NE) cysts are rare congenital
lesions that may be mistaken for more ominous pathology.
We report 18 previously unpublished cases, the largest single
series to date. We delineate imaging spectrum, pathologic
findings, and differential diagnosis of NE cysts.
MATERIALS & METHODS
Clinical history, imaging studies, surgical findings, and
pathology were analyzed retrospectively in 18 patients with
intracranial NE cysts. Fifteen are surgically proven cases;
three exhibit classic imaging findings and are being followed
clinically.
RESULTS
Four male and 13 female subjects ranged from 12 to 78
years. Common presenting symptoms were chronic
headache, new onset seizure, vertigo, sensorineural hearing
loss, and cranial nerve deficits. Thirteen cysts were located
in the posterior fossa. All were extraaxial except one in the
fourth ventricle. The size of the posterior fossa cysts varied
from 1.2 x 0.8 x 0.6 cm to 3.4 x 3 x 2.5 cm. An associated
bony anomaly was identified in one case. Five cysts were
supratentorial. All supratentorial cysts were off-midline in
the frontal lobes. The supratentorial cysts were larger than
those in the posterior fossa, measuring 7 x 5 x 3 to 9 x 6 x 7
cm. Seven patients had CT scans. Three cysts were hypo-;
two were iso-; two were hyperdense to brain tissue. One cyst
showed marginal calcification. No contrast enhancement
was seen on CECT. All patients had MR scans. One lesion
was iso-; one was iso- to hyper-; and 16 were hyperintense
to CSF on T1-weighted images. On T2-weighted imaged,
two were hypo-; three were iso-; and 13 were hyperintense
to CSF. Seven patients had FLAIR scans. All cysts were
hyperintense to CSF. Diffusion imaging was performed on
two patients. One case showed mild restriction. Mild posterior rim enhancement was seen in five cases on the site
where the cyst adhered to brain parenchyma.
CONCLUSION
The imaging spectrum for NE cysts is broader than previously reported. Intracranial NE cysts should be considered in
the differential diagnosis for intracranial extraaxial cystic
lesions both above and below the tentorium. The appearance,
size, and location are often highly suggestive of the diagnosis and should not be mistaken for more ominous pathology
such as inflammatory cyst or neoplasm.
KEY WORDS: Nonneoplastic cysts, congenital
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Bell, J. W.1 · Osborn, A. G.1 · Salzman, K. L.1 · Blaser, S.2 ·
Jones, B. V.3 · Chin, S. S.1

Paper 172 Starting at 4:19 PM, Ending at 4:27 PM
Intracranial Neurenteric Cyst: Imaging and Pathology
Spectrum
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Paper 173 Starting at 4:27 PM, Ending at 4:35 PM
Absolute Quantification of Cerebral MR Perfusion:
Serial Studies in Volunteers and Patients

Paper 174 Starting at 4:35 PM, Ending at 4:43 PM
3 T Single-Slab 3D TSE Variable Flip Angle and High
Isotropic Resolution (SPACE) Imaging of Pediatric
Brain Tumors

Essig, M.1 · Le Huu, M.1 · Moeller, A.2 · Lodemann, K.3
1

German Cancer Research Center, Heidelberg, GERMANY,
2
Medical Imaging Heidelberg, Heidelberg, GERMANY,
3
Bracco Altana pharma, Konstanz, GERMANY

Zimmerman, R. A.1 · Meyer, H.2 · Bilaniuk, L. T.1 · Simon, E.
M.1 · Pollock, A. N.1 · Feygin, T.1 · Zarnow, D. M.1
1

Children’s Hospital of Philadelphia, Philadelphia, PA,
Siemens AG, Wayne, PA
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2

PURPOSE
Perfusion MR imaging has proven useful for vascular assessment of cerebrovascular diseases, brain tumors, and dementia.
For accurate monitoring of therapy an absolute or “semiabsolute” quantification is mandatory. Two crucial aspects of
quantitative MR perfusion are a robust and reliable arterial
input function, and the amount of the relative signal reduction,
which is the basis for the calculation of cerebral blood volume
(CBV) and flow (CBF). Both requirements depend on the concentration and the T2-relaxivity of the contrast agents used.
The present study evaluated the use of gadobenate dimeglumine for quantitative cerebral perfusion MR imaging.
MATERIALS & METHODS
A blinded randomized intraindividual comparative study
was conducted in 12 healthy male volunteers and 30 patients
with cerebral gliomas. Imaging parameters, slice positioning, and contrast media application were standardized.
Volunteers were examined with 0.1 and 0.2 mmol/kg, and
patients with 0.1 mmol/kg godobenate dimeglumine
(MultiHance, Bracco Diagnostics, Inc.). For quantitative
assessment, the percentage signal drop and the full width
half maximum (FWHM) were assessed with ROIs placed in
normal gray and white matter. The rCBV and rCBF values of
gray and white matter were calculated and compared
between the different imaging times. Two independent offsite readers evaluated image quality of the rCBV and rCBF
maps with respect to gray and white matter and basal ganglia
delineation.
RESULTS
High quality MR perfusion maps were achieved with a single dose of gadobenate dimeglumine. A mean signal drop of
32% resulted in a good quality input function. Calculated
rCBV and rCBF absolute values of the different ROIs were
constant for both dosages within each subject, while differences between subjects were marginal. In the qualitative
assessment, both readers found images after a 0.1 mmol/kg
dose well suited for gray-white matter differentiation and the
delineation of the basal ganglia. In the patient studies, all
perfusion scans were of excellent diagnostic quality.
Qualitative assessment suggested a clinical benefit from perfusion imaging with respect to lesion detection and delineation. In patients with glioma, differentiation between lowgrade and high-grade tumors was possible.
CONCLUSION
Our results suggest that absolute quantification and highquality MR perfusion maps are possible with adequate software and the use of a higher relaxivity contrast agent.
Intraindividual values were constant over time and interindividual differences were objective.
KEY WORDS: Cerebral perfusion, quantitation, gadobenate
dimeglumine

PURPOSE
To evaluate 3 T SPACE sequence in the pre and postoperative evaluation of brain tumors.
MATERIALS & METHODS
Over a 12-month period of time, 40 pediatric patients, pre
and/or postoperative for brain tumors, were evaluated with 3
T MR imaging including SPACE sequence resulting in 0.9 to
1.5 mm isotropic high resolution. Sequences are either T2weighted or FLAIR.
RESULTS
Small tumors, either new primary or postoperative residual
tumor deposits, were able to be resolved that otherwise
might have gone undetected or have been visualized poorly
due to thicker slices. Reconstruction of isotropic images in
the 2 other planes from that in which acquired provided additional diagnostic information.
CONCLUSION
High-resolution, thin section T2 and FLAIR images acquired
at 3 T by SPACE sequence, allow depiction of small tumors
preoperatively and of small residual tumor deposits postoperatively.
KEY WORDS: SPACE imaging of pediatric brain tumors
Paper 175 Starting at 4:43 PM, Ending at 4:51 PM
Quantitative Analyses of Dentate Nuclei and Cerebellar
Peduncles in Langerhans Cell Hsitocytosis Based on
Diffusion Tensor Imaging
Zhang, W. · Zhang, J. · Huang, H. · Van zijl, P. · Mori, S.
Johns Hopkins Hospital
Baltimore, MD
PURPOSE
Langerhans cell histocytosis (LCH) is a rare disorder characterized by proliferation of cells of the monocytemacrophage system and may affect almost any organ.
Diagnosis could be difficult because of lack of specific and
sensitive imaging markers. In this study, we noticed that the
dentate nuclei (DN: deep cerebellar nuceli) of all four
patients had substantial atrophy in all patients. To confirm
our findings, we measured the volume of DN and three white
matter tracts related to the cerebellum: superior cerebellar
peduncle (SCP), middle cereballar peduncle (MCP), inferior
cerebellar peduncle (ICP), and compared the result with
those of age-matched controls.
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RESULTS
The DN could be identified in T2-weighted imaging, average DWI, and color maps of the control subjects. In the LCH
patients, the DN was difficult to identify in T2. Therefore,
we used the average diffusion-weighted images and the color
maps for volume measurements. Significant volume loss
was found for the DN (t = -3.764~-4.333, P < 0.0064) and
the SCP (t = -4.744~-7.197, P < 0.001). No significant difference was observed for the sizes of ICP and MCP.
Fractional anisotropy and normalized T2 intensity were not
different between the two groups except for the FA and T2
intensity of SCP (t = -2.578~-4.567, P < 0.033; t =
3.294~3.551, P < 0.011).
CONCLUSION
Dentate nuclei and SCP in LCH group are significantly
smaller when compared to normal. That indicated LCH infiltrates particularly efferent tract of cerebellum, and keeps
intact of afferent tract. The mechanism of the atrophy is not
clear and further investigation is needed to characterize the
prevalence of this finding in the LCH population. Diffusion
tensor imagingcolor map and fiber tracking is a useful tool to
sensitively detect its abnormality. Our study will improve the
understanding of the CNS involvement of LCH.
KEY WORDS: DTI, LCH, dentate nuclei
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3:15 PM – 4:43 PM
Room 5AB
(34c) SPINE: Injections and
Vertebroplasty
(Scientific Papers 176 – 186)
See also Parallel Sessions
(34a) ADULT BRAIN: Trauma in Adult Brain/Spine
and Pediatrics
(34b) ADULT AND PEDIATRIC BRAIN: Neoplasms
(34d) FUNCTIONAL/DT IMAGING: Pediatrics and
Adult Brain
Moderators: Philippe E. Gailloud, MD
Per-Lennart A. Westesson, MD, PhD, DDS

Paper 176 Starting at 3:15 PM, Ending at 3:23 PM
Does Vertebroplasty Increase the Likelihood of Adjacent
Fracture? A Prospective Study on 212 Patients
Al-Ali, F.1 · Hopkins, A. C.2 · Barrow, T.1 · Major, K.1 · Louis,
S.1 · Luke, K.1 · Hopkins, J.1
1
Borgess Medical Center, Kalamazoo, MI, 2Kalamazoo Area
Mathematics and Science Center, Kalamazoo, MI

PURPOSE
This study was undertaken to show if vertebroplasty (VP)
increases the likelihood of an immediately adjacent fracture,
and to determine if there is a correlation between the amount
of cement injected inside the vertebral body and the degree
of pain relief. In the osteoporotic community, compression
fracture following (within 1 year) an untreated compression
fracture of an adjacent vertebra occurs in 19% of cases (1).
MATERIALS & METHODS
Data from 346 VP procedures (between 4/2002 and 11/2005)
on 212 patients ages 35-95 years (mean = 77 years) were collected prospectively and studied retrospectively. The study
included patients preoperative pain scale readings of 0-10 (0no pain, 10-extreme pain). The pain score was obtained at
days 1 and 7 postoperatively. The amount of cement injected was grouped into five categories 1-2.9 cc,3-4.9 cc,5-6.9
cc,7-8.9 cc, and 9+ cc. Radiographs of all patients were
reviewed. The vertebral body was divided into anterior and
posterior halves, from lateral view. The percentage filled of
each half was recorded. The location and extent of extravasation was recorded, and leakage into intervertebral disks
was recorded. The data was analyzed with Microsoft Excel
to determine what percentage of patients experienced an
adjacent fracture, and whether that correlated with the

Tuesday

MATERIALS & METHODS
MRI: Four patients (19~56 years; mean 45 +/- 17.45 years )
and six age-matched controls (19~58 years; mean 46.33 +/14.12 years ) were scanned by a 1.5 T Philip MR scanner.
MR imaging included diffusion tensor imaging (DTI), T2weighted image, FLAIR and MPRAGE. For the DTI acquisitions SS-EPI with SENSE (r = 2.5) was used, with diffusion gradients applied in 30 noncollinear directions. The
imaging parameters were: FOV = 240 mm, slice thickness/gap = 2.5 mm/0.0 mm, acquisition matrix = 96*96,
reconstruction matrix = 256*256, TR > 4 s, TE = 80 ms, bvalue = 700 s/mm2. Data processing: The AIR program was
used to correct the bulk motion. Diffusion tensor imaging
postprocessing was performed using DtiStudio. Fractional
anisotropy (FA), vector maps, color-coded maps, average
diffusion-weighted image and b0 map were generated. Fiber
tracking was used with a fractional anisotropy threshold 0.2
and an inner product threshold of 0.75. Measurement:
Dentate nuclei was delineated using T2, average diffusionweighted image, and color map in controls. The SCP, MCP,
and ICP were reconstructed using two ROIs approach. After
reconstruction, the number of pixels (tract volume), FA, and
normalized T2 intensity were quantified.
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amount of cement injected, the location of vertebral filling,
or extravasation into the adjacent disk. We also correlated
pain scale improvement with the amount of cement injected.
RESULTS
Thirty-five patients (16%) returned with one or more new
fractures within a year after the initial VP, 34 (97%) of them
returned with new fractures immediately adjacent to the
prior VP. The data comparing the amount of cement injected
versus improvement in pain scale scores showed little correlation (r2 = 0.4366). Of all patients, the average anterior fill
was 60.6% and the posterior fill was 50.3%. In cases followed by an adjacent vertebral fracture, the average percentages of anterior and posterior fill were 63.9% and 53.3%
respectively, showing insignificant difference between the
groups. Of all cases treated, 17.6% experienced extravasation, 13% of which leaked into the intervertebral disk. Six of
the 37 patients (16.2%) who experienced an adjacent fracture after VP had extravasation into an intervertebral disk. In
addition, 32% of adjacent fractures occurred on either the T12 or L1 vertebra.
CONCLUSION
The results demonstrate that first, the VP procedure does not
significantly effect the likelihood of an adjacent vertebral
fracture. This is supported by the finding that the greatest
concentration of adjacent fractures occurred in either T-12 or
L-1, an already susceptible area due to the spine mobility. It
also appears that extravasation into the intervertebral disk
does not cause a higher likelihood of refracture. Second, the
percentages of posterior and anterior fill differ only slightly
between the groups with and without adjacent vertebral fracture, indicating that the amount of anterior and posterior fill
has little bearing on the likelihood of refracture. Lastly, the
data reveals little correlation between the amount of cement
used and the degree of pain relief.
REFERENCES
1. Fribourg, et. al. Incidence of subsequent vertebral fracture
after kyphoplasty. Spine 2004;27:2270-2276

KEY WORDS: Vertebroplasty, volume
Paper 177 Starting at 3:23 PM, Ending at 3:31 PM
Osteoporotic Patients with Chronic Steroid Use Tend to
Require Repeat Percutaneous Vertebroplasty
Hiwatashi, A. · Westesson, P. A.
University of Rochester Medical Center
Rochester, NY
PURPOSE
To identify characteristics of patients with osteoporotic compression fractures who require repeat percutaneous vertebroplasty.
MATERIALS & METHODS
Fifty-five patients (38 females and 17 males; mean age 78
years) were treated with percutaneous vertebroplasty for
painful osteoporotic compression fractures. Thirty-six
patients were treated at one time whereas 19 came back with
new fractures and were treated a second time. Demographic
information was evaluated.

RESULTS
Sixteen of 55 patients had been treated with long-term
steroid. Fifty-three percent (10/19) of the patients treated
repeatedly had used steroid chronically, whereas only 17%
(6/36) of patients treated once. There was no statistically significant difference in the patients’ age and medication for
osteoporosis.
CONCLUSION
Osteoporotic patients with chronic steroid use tend to require
repeat percutaneous vertebroplasty for compression fractures.
KEY WORDS: Vertebroplasty, spine
Paper 178 Starting at 3:31 PM, Ending at 3:39 PM
MR Images for the Detection of Intravertebral Cleft in
Benign Vertebral Compression Fracture
Lee, Y. · Ryu, C. · Lim, M. · Park, S. · Suh, C.
Inha University Hospital
Incheon, REPUBLIC OF KOREA
PURPOSE
The objective of our study was to determine the diagnostic
performance of spine MR imaging for detection of intravertebral cleft on benign vertebral compression fractures
(BCFs).
MATERIALS & METHODS
Clinically proven 110 benign vertebral compression fracture
in 85 consecutive patients (M:F = 17:68, mean age = 72
years) were studied retrospectively. All patients were studied
with MR imaging preoperatively and underwent vertebroplasty with uni or bipedicular approach. MR imaging protocol included T1-weighted image, T2-weighted image
(T2WI) and fat-suppressed contrast-enhanced T1-weighted
image (CEMRI). Preoperative MR images were analyzed
independently by two radiologists. Cleft sign was defined as
fluid signal or dark signal line or band on T2WI and unenhanced area within diffuse-enhanced vertebra on CEMRI.
Cement distribution patterns on postoperative AP and lateral
radiographs were reviewed. The presence of cleft was
defined as solid pattern of the cement in vertebra and BCFs
without cleft as trabecular pattern. We regarded the presence
of cleft on postoperative radiograph as gold standard.
Interobserver agreement about the cleft sign of MR imaging
was assessed using k statistics, and we correlated cement
distribution patterns on postoperative radiographs with preoperative MR imaging findings. The differences of acquired
sensitivity and specificity between T2WI and CEMRI for the
presence of cleft were statistically analyzed (exact test,
McNemar’s test).
RESULTS
Solid pattern of cement was seen in 43/110 and trabecular
pattern was in 67/110. The cleft sign on T2WI was noted in
52/110 and that on CEMRI was in 60/110. In interobserver
agreement, CEMRI (k = 0.89) had the higher reliability than
T2WI (k = 0.67). The accuracy for the presence of cleft on
T2WI was in 71.8% (sensitivity = 74.4%, specificity =
70.1%) and that on CEMRI was in 75.5% (sensitivity =
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88.4%, specificity = 67.2%), respectively. Statistical difference of sensitivity and specificity was not found between
T2WI and CEMRI.

procedure due to extravasation. Cortoss is easier to use than
PMMA, is as effective, even at ultra-low volume, and therefore, likely to be safer than PMMA for use in vertebroplasty.

CONCLUSION
Both T2WI and CEMRI might be the useful MR imaging
sequences for detection of intravertebral cleft in BCFs.

KEY WORDS: Spine, vertebroplasty, Cortoss

KEY WORDS: Vertebroplasty, cleft, contrast-enhanced MR
Paper 179 Starting at 3:39 PM, Ending at 3:47 PM
Ultra-Low Volume Vertebroplasty Using Cortoss Bone
Substitute

Frenchay Hospital
Bristol, UNITED KINGDOM
PURPOSE
Cortoss, Orthovita, is a high-strength, bone-bonding, composite engineered specifically to mimic the strength characteristics of human cortical bone. Unlike polymethylmethacrylate (PMMA), the orthopedic bone cement that is
often used “off-label” in vertebral augmentation procedures,
Cortoss has been engineered for the treatment of vertebral
compression fractures. Cortoss is the only product in Europe
approved for use in vertebral augmentation including the
repair of vertebral compression fractures caused by osteoporosis and invasive tumors on the basis of prospective clinical data. Cortoss is not currently available for commercial
distribution in the United States. The clinical efficacy of
Cortoss for vertebral augmentation is examined at ultra-low
injection volumes.
MATERIALS & METHODS
Twenty patients were treated with Cortoss for osteoporotic
vertebral fracture. A maximum of three levels were injected
during each procedure. Prevertebroplasty, 1 week and 1
month postvertebroplasty VAS, SF36 and ODI questionnaires were completed. Ten patients were treated with the
more viscous preparation introduced in mid-2005.
RESULTS
An average of 1.9 vertebrae were injected per procedure.
The average volume of Cortoss injected was 0.5 ml per vertebra. This compares with 5-10 ml volumes of PMMA commonly used in each vertebra. Immediate pain relief was
noted in the majority of patients with average VAS improvement of 49 points. Improvements in SF36 and ODI were
observed also. One clinically nonsignificant leak occurred in
the central pulmonary vasculature with the more liquid
preparation, due to the low injected volume this was not clinically apparent.
CONCLUSION
Unlike PMMA, Cortoss interdigitates with the trabeculae
providing a scaffold-like filling pattern, and thereby allowing lower volumes of material to be injected than traditionally administered with PMMA. As the Cortoss-to-bone interface continues to be strengthened over time, even with ultralow volumes of Cortoss, there is a significant clinical
improvement in patient symptoms. Importantly, this low volume reduces the risk of complications associated with the

Mattern, C. W. T. · Whitlow, C. T. · Mussat-Whitlow, B. J. ·
Reedy, M. L. · Baker, M. D. · Morris, P.
Wake Forest University School of Medicine
Winston-Salem, NC
PURPOSE
Sacroplasty is a relatively novel treatment for sacral insufficiency fractures developed from experience with vertebroplasty (1). Although gaining in popularity, minimal data are
available regarding the efficacy of sacroplasty in relief of
pain (2). No published data are available in reference to
resumption of activities of daily living. We present a retrospective analysis evaluating the clinical efficacy of
sacroplasty to that of vertebroplasty for treatment of fractures (3).
MATERIALS & METHODS
We performed a retrospective cohort study of 15 sacroplasty
patients (16 sacroplasty procedures) encountered over a 33month period. A control group of 32 vertebroplasty patients
was matched for gender and date of procedure. A 12-question survey and subsequent telephone interview asked each
patient to rate their pain on a visual scale of 0-10 and assess
their ability to ambulate and perform activities of daily living before the procedure and at the time of the interview.
Patients were asked to list their analgesic medications prior
and following the procedure as well as whether they would
undergo a subsequent procedure for a new fracture or recommend such a procedure to a friend.
RESULTS
Twelve of 15 (80%) sacroplasty patients responded compared to 21 of 32 (65.6%) vertebroplasty patients. Patients
reported statistically significant mean improvements in pain
assessment from 9.1 (+/- 1.2) to 3.2 (+/- 2.6) following
sacroplasty and nearly identical mean improvements of 9.0
(+/- 1.2) to 3.1 (+/- 2.3) following vertebroplasty [(f {1,62}
=__, p < 0.001)]. On a 5-point scale improvements in ability
to dress, bathe, and transfer from a chair or bed the
sacroplasty and vertebroplasty cohorts. Respondents
described improvements in ability to walk and perform
housework which did not reach statistical significance.

Tuesday

Beric, V.

Paper 180 Starting at 3:47 PM, Ending at 3:55 PM
Sacroplasty versus Vertebroplasty: Comparable Clinical
Efficacy for the Treatment of Fracture-Related Pain
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coaxial technique to access the facet joint was used which is
a modification of the previously reported technique. Where
rupture was not possible in one case, a sublaminar approach
was utilized for direct puncture. Dilute contrast was injected
rapidly into the joint or cyst with an endpoint of contrast
extravasation into the epidural space in 20. Eighty milligrams of Depomedrol then was injected. Injection of
steroid alone without attempting cyst rupture was performed
in nine patients.

CONCLUSION
Sacroplasty is efficacious in relieving pain and limitations on
activities of daily living secondary to sacral insufficiency
fractures. Results are similar to those reported for vertebroplasty, an accepted procedure for the treatment of fracturerelated pain in the spine.

RESULTS
Of 23 attempts at cyst rupture, we were unable to access the
facet joint in one and unable to opacify the cyst in two. Of
the remaining 20 interventions in 14 patients, we were able
to rupture the cyst in 16 interventions (80%), defined by contrast extravasation in the epidural space. Of four cases that
did not rupture, three showed calcification on CT, and the
fourth was located deep to a hypertrophied ligamentum
flavum. Of patients with successful cyst rupture, 27% had
complete relief of symptoms on follow up at 4-48 months.
Eighteen percent had partial relief and were satisfied.
Eighteen percent had temporary relief and requested repeat
attempts. Thirty-two percent had temporary relief after one
treatment but went on to surgery.

REFERENCES
1. Garant M. Sacroplasty: a new treatment for sacral insufficiency fracture. J Vasc Interv Radiol 2002;13:1265-1267
2. Butler CL, Given CA, Michel SJ, Tibbs PA. Percutaneous
sacroplasty for the treatment of sacral insufficiency fractures. AJR Am J Roentgenol 2005;184:1956-1959
3. Evans AJ, Jensen, ME, Kip KE, DeNardo AJ, Lawler GJ, Negin
GA, Remley KB, et al. Vertebral compression fractures: Pain
reduction improvement in functional mobility after percutaneous
polymethylmethacrylate
vertebroplasty.
Retrospective report of 245 cases.
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Paper 181 Starting at 3:55 PM, Ending at 4:03 PM
Long-Term Follow Up of Percutaneously Treated
Lumbar Spine Synovial Cysts: Outcomes and Indicators
of Procedure Failure
Elsayed, S. S. · McIntyre, J. J. · Mamourian, A. C.
Dartmouth Hitchcock Medical Center
Lebanon, NH
PURPOSE
We report our experience with 32 interventions in 22 patients
with attempt at cyst rupture in 23 interventions and steroid
injection alone in nine. We offer some modification to previously described technique to improve the success rate of rupture and predictors of unsuccessful cyst rupture.
MATERIALS & METHODS
Twenty-two patients were included in this retrospective
review, 18 females and 4 males, ages 47-82 years. The diagnosis of synovial cyst was established with either CT or MR
imaging. We used CT guidance with conscious sedation. A

Successful Cyst Rupture
Unsuccessful Cyst Rupture
Aspiration and Injection
(4 pts went to cyst rupture)

Patient Outcomes
Short term Moderate
Relief
Relief
4
4
5
7
1

Complete
Relief
3
1

Surgery
4
3
2
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CONCLUSION
In our series, which is the largest to date, percutaneous rupture of synovial cysts can be successful in 70%, give complete relief in 27%, and avoid surgery in 64%. Calcification
is a good predictor of unsuccessful rupture. Location beneath
the ligamentum flavum may be a predictor of unsuccessful
rupture. We believe we had a higher rate of rupture using a
transfacet coaxial needle technique and sublaminar puncture.

Paper 183 Starting at 4:11 PM, Ending at 4:19 PM
Initial Clinical Experience with a Novel Biointegrative
Cement for Vertebroplasty in Acute Osteoporotic
Vertebral Fractures
Siemund, R. · Nilsson, L. T.
Lund University Hospital
Lund, SWEDEN

KEY WORDS: Spine, synovial cyst, injection

Syed, M. I. · Patel, N. · Jan, S. · Shaikh, A. · Morar, K.
Mercy Medical Center
Springfield, OH
PURPOSE
The prevalence of vertebral fractures increases with age,
approaching 40% in women 80 years of age. Despite this
patients often are denied vertebroplasty due to age of > 90
years old and comorbid conditions. We hypothesize that
even in the extreme elderly population of > 90 years that percutaneous vertebroplasty is a safe and efficacious procedure.
Objectives: To determine the safety and efficacy of percutaneous vertebroplasty in the treatment of vertebral fractures in
the extreme elderly patient population aged 90 years and
older.
MATERIALS & METHODS
A retrospective review of 542 patients undergoing percutaneous vertebroplasty from August 1999 to August 2004.
Intervention: Percutaneous vertebroplasty after a trial of conservative treatment of bed rest and analgesics.
Measurements: Complications during procedure, postprocedural pain during specified follow-up period, polymethylmethacrylate (PMMA) cement leakage.
RESULTS
Of 542 patients undergoing percutaneous vertebroplasty, 33
were aged 90 years or older at their initial treatment session.
All 33 patients have vertebral fractures secondary to osteoporosis. Fourteen of these patients were considered moderately high risk (ASA class 3 or 4) patients if surgical intervention was necessary using the American Society of
Anesthesiology classification system. No procedural complications were found for these patients. Concerning postprocedural follow up of 6 months, 19 (79.2%) of the patients had
complete relief of back pain after the procedure, 3 (12.5%)
of patients had relief with pain medications, and 2 (8.3%)
had no pain relief at all. Of the remaining nine patients, four
were lost to follow up, three patients died within the followup period, and two patients did not undergo second vertebroplasty for new fracture since one had a pneumothorax and
the other was septic.
CONCLUSION
Percutaneous vertebroplasty is a safe procedure in the
extreme elderly patient population.

PURPOSE
To evaluate a new biointegrative material for vertebroplasty
in osteoporotic vertebral fractures regarding pain relief, safety aspects, and technical feasibility.
MATERIALS & METHODS
A novel injectable bone substitute (Cerament™
SpineSupport) based on calcium sulfate hemihydrate,
hydroxyl apatite, and iohexol has been developed for percutaneous treatment of osteoporotic vertebral fractures. The
aim of the product is to provide mechanical stability by the
formation of cured calcium sulfate dehydrate in the fractured
vertebral body during a period of several weeks, with the
hydroxyl apatite particles acting as an osteoconductive support for ingrowths of new bone. The contrast agent iohexol
provides an appropriate opacification for the fluoroscopic
procedure. The study was approved by the Ethics Committee
and the Swedish Medical Products Agency. Inclusion criteria
were a stable single vertebral fracture at level Th5 to L5, verified by CT and MR imaging, and not older than 4 weeks, in
osteoporotic patients aged 60 years or older. Bipedicular vertebroplasty technique was used, and the procedure was performed in conscious sedation. Follow up included X-ray 1
month after treatment, CT after 2 month and pain assessment
(VAS) pre and postprocedure, after 2 weeks and 1 month.
Seven patients (age range 62 - 96 years, mean 73.5 years,
females, 2 males) were treated at level Th8 (n = 1), Th12 (4)
and L1 (2).
RESULTS
Treatment of the first patient revealed problems with the
injectability of the cement mixture, which had not been seen
in the preceding cadaver tests. Adjustment of material properties and modification of the injection technique with initial
injection of saline solved this problem. The average injected
volume was 1.9 ml (range 0.4 - 4 ml). No leakages were seen
on posttreatment CT and no material or procedure-related
complications were observed. Visualization of the material
ceased on follow-up X-ray and CT, 1 and 2 months after
treatment presumably due to the resorption of calcium sulphate dehydrate and iohexol. An average height loss of the
treated vertebral bodys of 3.6 mm (range 1.5 - 5.4 mm) was
seen 2 months after treatment as compared to pretreatment
CT. Pain assessment by VAS resulted in an improvement
from mean 69 in the morning prior treatment to 37 one day
posttreatment, 42 after 2 weeks and 30 after 1 month.
CONCLUSION
Initial results indicate that Cerament™ SpineSupport is safe
and effective in the treatment of acute osteoporotic vertebral
body fractures. Further studies with long-term follow up are
needed to confirm these results and to prove the conception
of osteoconduction with hydroxyl apatite particles.

KEY WORDS: Vertebroplasty, osteoporosis, nonagenerian
KEY WORDS: Vertebroplasty, osteoporosis, vertebral fracture

Tuesday

Paper 182 Starting at 4:03 PM, Ending at 4:11 PM
Percutaneous Vertebroplasty in the Extreme Elderly (90
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Paper 184 Starting at 4:19 PM, Ending at 4:27 PM
Percutaneous Vertebroplasty: Evaluating the Short- and
Long-Term Results for 1,000 Treated Fractures
Layton, K. F. · Luetmer, P. H. · Wald, J. T. · Lane, J. I. ·
Thielen, K. R. · Kallmes, D. F.
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Mayo Clinic
Rochester, MN
PURPOSE
To evaluate the experience and outcomes of the first 1000
compression fractures treated with percutaneous polymethylmethacrylate (PMMA) vertebroplasty at our institution.
METHODS & MATERIALS
This is a retrospective study from a single academic center in
the United States, and Institutional Review Board approval
was granted for the study. The study includes all patients
who underwent percutaneous vertebroplasty between
February 1999 and October 2005. All patients underwent a
pre-procedure evaluation and were assessed two hours after
the procedure, prior to discharge. Follow-up telephone interviews were conducted at 1 week, 1 month, 6 months, 1 year
and 2 years by a trained vertebroplasty nurse. The inability
to contact a patient at one time point did not preclude an
interview at the next follow-up time point. Follow-up assessment included a 10-point pain scale at rest and with activity,
subjective assessment of pain relief at rest and with activity,
changes in mobility, and changes in pain medication usage.
Over the last few years, we have also incorporated the modified Roland-Morris Disability Questionnaire (RDQ) into
our evaluation and follow-up of vertebroplasty patients. The
RQD score is a comprehensive assessment of patients’ overall disability due to back pain. This assessment tool, which is
considered a more comprehensive evaluation of patients
with compression fractures, was also used in the follow-up
of patients treated in the last half of our study. Vertebroplasty
was offered to patients with imaging evidence of an acute or
subacute compression fracture of the thoracic or lumbar vertebrae and exclusion criteria included non-correlating pain,
improvement with conservative medical management or
technical barriers. All etiologies of compression fracture
were included in the study, including osteoporosis, neoplasm, hemangioma and trauma. The vertebroplasty technique was performed according to previously described
methods. The procedures were performed with intravenous
conscious sedation, deep sedation or general anesthesia utilizing a biplane fluoroscopy unit. Transpedicular or parapedicular approaches were performed after application of
local anesthesia to the subcutaneous tissue and periosteum.
Various brands of PMMA were used during the study but
always included a mixture with barium sulfate and gentamicin powder. Injection of cement was performed with an
injector device or by hand with 1cc syringes. Patients were
placed on bed rest for two hours after the procedure and then
allowed to ambulate as tolerated.
RESULTS
Over the course of our study, 1000 compression fractures
were treated in 552 patients (69% female) during 673 treatment sessions. The average age of the patients was 74 years
(range 28-96 years). The number of levels treated per procedure varied from one to five with 425 (63%) at a single level,

180 (27%) at two levels and 68 (10%) at three or more levels. Osteoporosis accounted for 562 cases (84%) while neoplasm was the next most common etiology with 74 cases
(11%). Trauma (35 cases) and hemangioma (2 cases)
accounted for the remaining 5% of cases. The average duration of pain was 3.6 months. Treatment was performed at
every thoracic and lumbar level with T12, L1 and L2 encompassing 41% of treated levels. Compared to the pre-procedure evaluation, there was a dramatic improvement in the
visual analog pain score (0-10) at rest and with activity as
well as the Roland score. The subjective pain response at rest
and with activity was also noted to improve (Figure 3). The
trend toward improvement was noticeable at the two-hour
time point and was sustained over the two-year follow-up
period. Furthermore, a reduction in pain medication usage
and an improvement in mobility were also observed over the
two-year follow-up period.
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sacral fracture. In two patient, sacroplastic procedure was
splitted into a three-time session, because of the extensive
sacral osteolysis.
RESULTS
After sacroplasty, all the patients with sacral involvement
became painless in 24 h to 72 h. No complication as foraminal leakage, extrasacral leakage, or embolism occurred.
Normal sacral foraminal boundaries were reconstructed by
using PMMA microinjection.

Tuesday

CONCLUSION
Percutaneous PMMA vertebroplasty appears to be an effective tool for the treatment of spinal compression fractures. A
significant improvement in pain, disability, pain medication
usage and mobility was observed in our large patient population over both short and long term follow-up time points.
This study is limited by its retrospective nature. Randomized
prospective clinical trials, such as the ongoing INVEST
study, will be important to thoroughly evaluate the effectiveness of percutaneous vertebroplasty.
REFERENCES:
1. Trout AT, Kallmes DF, Gray LA, et al. Evaluation of vertebroplasty with a validated outcome measure: the RolandMorris Disability Questionnaire. AJNR Am J Neuroradiol
2005;26:2652-2657.
2. Jensen ME, Evans AJ, Mathis JM, Kallmes DF, Cloft HJ, Dion
JE. Percutaneous polymethylmethacrylate vertebroplasty in
the treatment of osteoporotic vertebral body compression
fractures: technical aspects. AJNR Am J Neuroradiol
1997;18:1897-1904.

This recipient was selected as the American Society of Spine
Radiology (ASSR) Mentor Award winner at the ASSR 2006
Annual Symposium in February 2006.
Paper 185 Starting at 4:27 PM, Ending at 4:35 PM
Sacrum Remodeling Using Percutaneous Vertebroplasty:
Our Experience
Manfre’, L.1 · Ettorre, G.2 · Bonetti, M.3 · Anselmetti, G.4 ·
Cristaudo, C.1
1

AO Cannizzaro Hospital, Catania, ITALY, 2University of
Catania, Catania, ITALY, 3Citta’ di Brescia, Brescia, ITALY,
4
IRCC Candiolo, Torino, ITALY
PURPOSE
We investigate the efficacy of percutaneous vertebroplastic
procedure in patients affected by focal or diffuse sacral neoplastic involvement and in patient with sacral insufficiency
fractures.
MATERIALS & METHODS
From October 2001 to May 2005, 434 vertebroplastic procedures were performed in our department. Eight patients had
sacral neoplastic involvement and five suffered from osteoporotic sacral fractures, both uni or bilateral. Sacroplasty
was performed using conventional 11G needles and a CTguided procedure. Four cc up to 35 cc were used in fixing the

CONCLUSION
Using a CT-guided vertebroplastic technique and PMMA
microinjection, vertebroplasty procedure can be performed
safely for complete sacral reconstruction, with good results.
Differently from fluoro-guided vertebroplasty, CT-guided
technique allows to clearly depict intrasacral PMMA distribution during the injection, with no complication for the
patient.
KEY WORDS: Sacroplasty, spine, interventional
Paper 186 Starting at 4:35 PM, Ending at 4:43 PM
Treatment of Spontaneous Intracranial Hypotension
with Percutaneous Placement of a Fibrin Sealant: Our 2Year Experience
Jung, A. S. · Maya, M. M. · Moser, F. G. · Schievink, W. I.
Cedars-Sinai Medical Center
Los Angeles, CA
PURPOSE
Previous reports have described the percutaneous imageguided placement of fibrin glue sealant in the treatment of
postoperative cerebrospinal fluid (CSF) leaks (1). More
recently, we have described its potential utility as a treatment
of spontaneous intracranial hypotension (SIH) due to an
underlying CSF leak (2). However, its efficacy and the durability of its effects in patients with SIH have not been well
studied. Its role in management remains to be established.
We report our continuing experience with this technique.
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MATERIALS & METHODS
Over a two-year period, transforaminal fibrin glue placement
(Tisseel; Baxter Healthcare Corp., Deerfield, IL) via CT or
fluoroscopic guidance was performed in 13 patients (range
19-52 years) who had failed conservative treatments and
epidural blood patches. Symptomatic response was assessed
at subsequent clinic or inpatient follow up. The need for further treatments and operative repair was assessed by chart
review. The follow-up period ranged from 1 week to 2 years.
RESULTS
Five patients reported sustained symptomatic relief for several months. One patient reported sustained relief at 7 days.
Seven patients reported no or minimal relief, or persisting
incapacitating symptoms.
CONCLUSION
Percutaneous fibrin glue placement appears to provide sustained symptomatic relief for some patients with spontaneous intracranial hypotension. This minimally invasive
approach merits further consideration and evaluation. Based
on our experience, this technique may prove to be the primary nonsurgical method of management in patients who
have failed conservative treatments and epidural blood
patches.

Paper 187 Starting at 3:15 PM, Ending at 3:23 PM
Early Childhood Lead Exposure Alters Language
Organization in Adulthood: A Functional MR Imaging
Study
Cecil, K. M.1 · Yuan, W.1 · Holland, S.1 · Dietrich, K. N.2 ·
Lanphear, B.1 · Altaye, M.1
1
Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, 2University of Cincinnati, Cincinnati, OH

PURPOSE
The neurotoxic effects of environmental lead exposure in
children have been recognized for over a century, but the
mechanism of lead’s toxicity on the developing central nervous system remains poorly understood. New evidence suggests that levels of lead exposure currently deemed safe may
be detrimental to children. Moreover, the existing evidence
indicates that the adverse consequences of lead exposure
persist into early adulthood. Ongoing research of a birth
cohort recruited 20 years ago has shown that cognitive,
developmental, and behavioral deficits correlate with measured blood lead levels. As these subjects enter adulthood, we
investigated the influence of childhood lead exposure on language function with functional MR imaging (fMRI) using a
verb generation paradigm.

REFERENCES
1. Patel MR, et al. CT-guided percutaneous fibrin glue therapy
of cerebrospinal fluid leaks in the spine after surgery. AJR
Am J Roengtenol 2000;175:443-446
2. Schievink WI, et al. Treatment of spontaneous intracranial
hypotension with percutaneous placement of a fibrin
sealant. J Neurosurg 2004;100:1098-1100
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intracranial hypotension
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MATERIALS & METHODS
Forty-two members of the lead study cohort, ages 20-23
years, performed an integrated verb generation/finger tapping paradigm while imaged in a Bruker 3 T MR scanner
using a T2*-weighted, gradient-echo, echo-planar imaging
(EPI) sequence (TR/TE = 3000/38 ms, FOV = 25.6 x 25.6
cm, matrix = 64 x 64, slice thickness = 5 mm). Functional
MR image processing was performed with custom software.
Blood lead levels were measured in this cohort every 3
months for the first 5 years of life and every 6 months from
5 - 6.5 years with a mean value determined for childhood.
For the studied cohort, the mean blood lead levels ranged
from 4.7 to 31 ug/dL. A linear regression model was used to
evaluate the correlation between brain activation and mean
lead levels.
RESULTS
For the cohort, the typical language functional areas for the
verb generation task demonstrate activation in Broca’s area
at the left inferior frontal gyrus, Wernicke’s area at the left
superior temporal gyrus and left middle temporal gyrus, as
well as some homologues that are located contra-laterally in
the right hemisphere. The composite map and the individual
activation maps exhibit a strong left hemispheric dominance
of the language function areas in the subjects. Cortical areas
with significant correlation between activation and the mean
lead levels, before and after adjusting for confounding factors, were determined. Multivariate regression analysis with
significant confounders (birth weight and marijuana usage)
yields the partial BOLD signal activation versus mean lead
level correlation coefficient. For the left inferior and middle
frontal gyri, adjacent to the region including the traditional
Broca’s area, and the left middle temporal gyrus, a region
involved in language and auditory processing, activation levels are inversely correlated to mean lead levels with adjustment for significant confounders, birth weight, and marijuana usage. Activation levels of the right superior/middle temporal gyri contralateral to the traditional Wernicke’s area, a
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region regarded as responsible for speech perception, are
positively correlated with mean lead levels with adjustment
for significant confounders.
CONCLUSION
Elevated childhood lead exposure strongly influences neural
substrates of language function as demonstrated with a selective, deleterious effect on normal language areas with concomitant recruitment of contralateral regions, resulting in
striking, exposure-dependent, reorganization of language
function.

Paper 188 Starting at 3:23 PM, Ending at 3:31 PM
Event-Related Functional MR Imaging Suggests a
Stochastic, Rather than a Deterministic Model of Human
Brain Function

Figure 1. Raster diagram of amplitudes (top) and phases
(bottom) of wavelet analysis of 3 active voxels (A) and three
inactive voxels (I) in each of 40 events in an event-related
visual stimulus paradigm. The color is coded on the middle
color scale for amplitudes (top) and phase (bottom).

Thulborn, K. R. · Nemani, A.

CONCLUSION
The event-to-event variation in amplitude of activating voxels is greater than expected for a deterministic model of brain
function and cannot be explained by the noise level measured in the nonactivating voxels. A stochastic model explains
these observed variations in brain response to a visual stimulus on an event-by-event basis but still produces the same
pattern of activation in temporally averaged fMRI data that
has assumed a deterministic model.

University of Illinois
Chicago, IL
PURPOSE
Event-related functional MR imaging (ER fMRI) has been
analyzed with a wavelet designed to detect any BOLD
response on an event-by-event basis to a simple visual stimulus paradigm. Brain function from this methodology that
avoids signal averaging is explained best by a stochastic
rather than deterministic model.
MATERIALS & METHODS
Functional MR imaging with blood oxygenation level
dependent (BOLD) contrast was performed on a 3 T clinical
scanner (GE Healthcare, WI) using a left hemifield flashing
alternating black and white checkerboard (10Hz). The paradigm used continuous fixation on a central cross with a 2 s
visual stimulus for an interstimulus interval of 15 s for a total
of 40 cycles (10 minutes). Images were acquired continuously with gradient-echo, echo-planar sequence (TR = 0.5 s,
TE = 35.5 ms, 50° flip angle,128 x 128 matrix, FOV = 20 x
20 cm). Physiology (heart rate, respiratory rate) and behavior (lack of eye movement) were monitored continuously.
Six subjects were studied. Data were analyzed for a BOLD
response at the expected location centered at 6 s within each
event using the wavelet analysis based on the paradigm frequency (0.02 Hz). Amplitudes and phase of this wavelet
allowed activation to be detected at the same locations as the
temporally averaged data processed with a student t-test but
on an event-by-event basis. Amplitudes and phases of active
and nonactive voxels were compared.
RESULTS
Voxels shown to be active at high significant levels on temporally averaged data showed high amplitudes within the
phase window of the BOLD response. Nonactive voxels from
the averaged data showed low amplitudes with no consistency in phase with the phase window of the BOLD response.
Figure 1 shows the event-by-event amplitudes and phases of
three active voxels (A) and three inactive voxels (I).

KEY WORDS: Functional MR imaging, BOLD, event-related
Paper 189 Starting at 3:31 PM, Ending at 3:39 PM
Whole-Brain High Angular Resolution Diffusion
Imaging within a Clinically Feasible Acquisition Time
Mukherjee, P.1 · Hess, C. P.1 · Han, E. T.2 · Xu, D.1 · Vigneron,
D. B.1
1

University of California San Francisco, San Francisco, CA,
General Electric Healthcare, Menlo Park, CA

2

PURPOSE
Diffusion tensor imaging (DTI) is limited in that it assumes
only one fiber orientation per voxel. High angular resolution
diffusion imaging (HARDI) refers to the acquisition of large
numbers of diffusion directional measurements at diffusionweighting factors (b values) greatly exceeding 1000 s/mm2.
High angular resolution diffusion imaging surpasses DTI by
resolving multiple fiber orientations per voxel, enabling the
visualization of complex white matter architecture in regions
containing converging, diverging, or crossing fiber tracts. In
this study, we demonstrate the feasibility of whole-brain
HARDI within a clinically acceptable acquisition time in
normal volunteers and in patients with traumatic brain injury
(TBI).
MATERIALS & METHODS
High angular resolution diffusion imaging was performed on
five adult volunteers and two TBI patients using a 3 T Signa
EXCITE MR scanner (General Electric, Milwaukee, WI).
Whole-brain data with 2.2 mm isotropic voxel resolution
were acquired in 15 minutes using a single-shot echo-planar
spin-echo sequence (TR = 8.2 s, TE = 82 ms) with 55 diffu-
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sion gradient directions, b = 3000 s/mm2 and parallel imaging using an 8-channel head coil. Reconstruction of the fiber
orientation distribution function (ODF) was performed with
three different techniques: (a) the q-ball method (1) using
spherical harmonic basis functions (2); (b) spherical deconvolution (3); and (c) the diffusion orientation transform (4).
The ODF results were compared to diffusion tensor reconstruction of the HARDI data.
RESULTS
The 15-minute HARDI acquisitions provided excellent
image quality in all volunteers and patients, with no significant motion artifacts. All 3 ODF reconstruction methods
(spherical harmonic q-ball, spherical deconvolution, and the
diffusion orientation transform) enabled visualization of
crossing fiber tracts in regions where DTI provided no accurate fiber orientation information. The figure shows representative results from the right periventricular white matter
of a normal volunteer containing intersecting association,
projection, and commissural fiber tracts. In the two TBI
patients, HARDI showed evidence of white matter injury in
areas not adequately evaluated by DTI.

CONCLUSION
We show that whole-brain HARDI can be performed within
a clinically acceptable scan time using a 3 T scanner with a
multichannel phased-array head coil and parallel imaging.
Compared to DTI, HARDI has the potential to provide
improved fiber tracking accuracy, resilience to partial volume effects in which a single voxel contains two or more
adjacent fiber pathways with different orientations, and better characterization of white matter disease in regions of
complex white matter architecture.
REFERENCES
1.
2.
3.
4.

Tuch. Magn Reson Med 2004;52:1358-1372
Hess, et al. Proc ISMRM 2005;389
Tournier, et al. Neuroimage 2004;23:1176-1185
Özarslan, et al. www.cise.ufl.edu/tech_reports/tr05/tr05004.pdf
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Paper 190 Starting at 3:39 PM, Ending at 3:47 PM
Enlarged BOLD Response to Forepaw Stimulation in αChloralose Anesthetized Rats Receiving Aminophylline
Chen, Z.1,2 · Zhang, Y.2 · Yang, J.2 · Jin, Z.1
1

Peking Union Medical College Hospital, Chinese Academy
of Medical Sciences, Beijing, CHINA, 2Molecular Imaging
Branch, NIMH, Bethesda, MD
PURPOSE
To explore drugs safe for human subjects that could be used
to boost BOLD signals. In this study, significantly augmented BOLD response to forepaw stimulation was observed in
α-chloralose-anesthetized rats infused with aminophylline,
which belongs to the methylxanthine family of drugs.
MATERIALS & METHODS
Male adult Sprague-Dawley rats (150-210 g, n = 16) were
studied on an 11.7 T Bruker spectrometer. BOLD images
were acquired by the use of a three-slice single-shot spinecho EPI method. FOV = 2.0 cm with 64 x 64 matrix corresponding to an in-plane resolution of 312 µm x 312 µm.
TR/TE = 1005/26.5 ms. In group 1 (n = 10), BOLD changes
due to forepaw stimulation (2 mA, 0.3 ms, 3 Hz square electrical pulses) were measured in α-chloralose anesthetized
rats first before aminophylline infusion (control) and then
during aminophylline infusion (initial dose: 1.0 mg/kg supplemented with a constant rate infusion at 0.5 mg/kg/hr
throughout the experiment). In group 2 (n = 6), basal CBF
was measured before and after administration of aminophylline. Cerebral blood flow measurements were made
using a pulsed continuous arterial spin-labeling technique
(FAIR) with single-shot, spin-echo, EPI readout (1). Paired
images (one with arterial spin labeling and the other without
spin labeling) were interleaved to reduce motion artifacts.
RESULTS
Significant enlargement of BOLD response due to aminophylline was observed in Group 1 animals. Cross-image
comparison demonstrates that the area of BOLD signal
markedly and progressively increased after the start of
aminophylline infusion untill to 2 h at somatosensory cortex,
central and thalamus (p < 0.01). Similar enhancement of
BOLD response in rats treated with theophylline at a single
dose of 18 mg/Kg BW (i.p.) also has been reported at 1.5 T
(2). Contrary to the results reported by Morton, et al. (2), we
did not find significant increase in the amplitude of the
somatosensory BOLD responses to forepaw stimulation
after comparing the BOLD signals acquired during aminophylline infusion with those prior to aminophylline infusion
despite a marked enlargement of the activated area. In Group
2, no significant changes in relative CBF were found due to
aminophylline infusion, which argues against the notion that
methylxanthines enhance BOLD by reducing basal CBF.
Our results therefore support the hypothesis that the effect is
instead due to the augmentation of neuronal activation via
neuronal disinhibition by the mechanism of antagonizing
neuronal adenosine receptors. Our results also suggest that
aminophylline at clinical dose may serve as a BOLD booster to enlarge the activated area. In functional spectroscopy
studies of humans and animals, aminophylline also could be
used to enlarge the activated tissue volume and therefore to
reduce partial volume effects.
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CONCLUSION
The results suggest that aminophylline could be used as a
useful drug to boost BOLD signals in functional imaging
studies and to minimize partial volume effects in functional
spectroscopy studies.

highest FA at any given EGA. VC had consistently lower
eigenvalues than all other regions at any given EGA, most
markedly for λ2, and λ3 (p < 0.0001).

REFERENCES
1. Moffat, et al. J Mag Reson Imaging 2005;21:290
2. Morton, et al. AJNR Am J Neuroradiol, 2002;23:588

KEY WORDS: Functional MR imaging, aminophylline, animal research
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Paper 191 Starting at 3:47 PM, Ending at 3:55 PM
Regional Variation in Human Thalamic Maturation
Revealed by Diffusion Tensor Imaging of Premature
Newborns
deIpolyi, A. R. · Mukherjee, P. · Veeraraghavan, S. · Berman,
J. I. · Henry, R. G. · Vigneron, D. B. · Barkovich, A. J.
University of California San Francisco
San Francisco, CA
PURPOSE
Diffusion tensor imaging (DTI) is sensitive to microstructural features of human brain development and has revealed
regional patterns of maturation in neocortex (1), which sends
and receives projections to and from the thalamus. We
sought to determine if different thalamic nuclei, which project to distinct cortical regions, have analogous regional patterns of maturation.
MATERIALS & METHODS
Using an MR-compatible incubator with a high-sensitivity
neonatal head-coil, we performed DTI using parameters
reported previously (1) in 66 premature newborns born at
estimated gestational ages (EGAs) of 24-34 weeks and
imaged at EGAs of 27-43 weeks. We identified four thalamic regions of interest (MD: mediodorsal nucleus projects to
frontal cortex; VC: ventrolateral complex connects with primary sensory and motor cortex; MP and LP: medial and lateral pulvinar nucleus projects to parieto-occipital cortex) on
b = 0 s/mm2 T2-weighted images using VC as a landmark
due to its T2 hypointensity. We calculated the mean diffusivity (Dav), fractional anisotropy (FA), and the three eigenvalues in all four regions and averaged values from left and
right thalami.
RESULTS
For all 4 thalamic regions, Dav correlated negatively with
EGA at scan (MD: R2 = 0.61, p < 0.0001; MP: R2 = 0.59, p
< 0.0001; LP: R2 = 0.57, p < 0.0001; VC: R2 = 0.70, p <
0.0001). Fractional anistropy in all regions except the MP
correlated positively but more weakly with EGA at scan
(MD: R2 = 0.32, p < 0.0001; MP: R2 = 0.008, p = 0.45; LP:
R2 = 0.18, p < 0.001; VC: R2 = 0.07, p = 0.006). Like Dav all
3 eigenvalues decreased with age in all 4 thalamic regions.
Dav of each region differed significantly from all others (p <
0.0001), with VC consistently exhibiting the lowest Dav and
LP showing the highest Dav at any given EGA (figure).
Fractional anisotropy of each thalamic region differed significantly from all others (p < 0.0001), with VC having the

CONCLUSION
Mean diffusivity decreased and anisotropy increased in
developing thalamus. Our findings of regional variation support the hypothesis that the thalamus exhibits a hierarchical
pattern of maturation analogous to the preterm neocortex (1),
with earlier development of first-order relay nuclei (e.g.,
VC) resulting in lower Dav and higher FA at any given age
than in higher-order nuclei (e.g., MD or pulvinar). This
novel report of regional heterogeneity in thalamic maturation confirms the utility of DTI for assessing the microstructural changes of human brain development.
REFERENCES
1. deIpolyi, et al. Neuroimage 2005;27:579-586

KEY WORDS: Diffusion tensor imaging, thalamus, development
Paper 192 Starting at 3:55 PM, Ending at 4:03 PM
Characteristics of Abnormal Diffusivity in Thalamus and
Normal-Appearing White Matter Investigated with
Diffusion Tensor MR Imaging in Tuberous-Sclerosis
Complex
Makki, M. · Chugani, D. · Chugani, H.
Children’s Hospital of Michigan
Detroit, MI
PURPOSE
Tuberous sclerosis complex (TSC) is a neurocutaneous disorder with neurologic problems including epilepsy, developmental delay, and cognitive and behavioral problems of
varying severity. In the present study, we assess diffusion
changes in normal appearing white matter (NAWM) and
thalamus (TH) by estimating diffusion tensor imaging (DTI)
eigenvalues (main λ1: parallel to main axis; middle λ2, and
minor λ3: orthogonal to main axis), to calculate mean diffusivity (D) and fractional anisotropy (FA). The study of these
parameters may provide some clues to the microstructure
changes leading to increased diffusivity in white matter in
patients with TSC.
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MATERIALS & METHODS
Six TSC patients (mean age = 10 ± 2 years) and 12 normal
control subjects (mean age = 10 ± 4 years) underwent DT
MR imaging on a 1.5 T scanner with six diffusion gradient
directions and six averages. Thalamus and six NAWM brain
structures were selected: genu of corpus callosum (GCC),
splenium of corpus callosum (SCC), anterior limb of internal
capsule (ALIC), posterior limb of internal capsule (PLIC),
external capsule (EC), and corona radiate (CR).
RESULTS
The calculated ADC values for all NAWM structures and TH
in left and right hemispheres showed significantly higher
values (p < 0.05) in the TSC group when compared to normal control subjects (Table 1). Correlated lower FA was
observed but not statistically significant. Further, it was evident that the increase in diffusivity was due mainly to a significant increase in directions orthogonal to the axons (λ2
and λ3), and little in the main direction or the axons (λ1). The
diffusivity was less restricted in the transverse plane and also
along the main axon directionality. Experimental models
have revealed that axonal cell membrane account for most of
the restriction of water motion in white matter of myelin.
Pathologic disruption of cell membranes, loss of myelin, or
any process that may alter the integrity of axons would
reduce the restriction of water molecules, and therefore, the
ADC values would be increased. One possible mechanism
for the increased diffusion in the orthogonal direction in TSC
patients may be related to recent animal studies of increased
astrocyte size and numbers following mutations in TSC1 and
TSC2 genes. Increase cell size and numbers of astrocytes
within the large white matter tracts might lead to the
observed changes in diffusion in the children with TSC.
t-test

CC
Genu Sple

CR
Lt

PLIC
Rt

Lt

Rt

ALIC
Lt

Rt

EC
Lt

Rt

TH
Lt

Rt

λ1

0.047 0.310 0.081 0.066 0.359 0.044 0.017 0.013 0.136 0.069 0.018

0.017

λ2

0.005 0.020 0.053 0.054 0.242 0.155 0.020 0.031 0.101 0.155 0.013

0.035

λ3

0.143 0.043 0.018 0.029 0.012 0.004 0.010 0.026 0.083 0.490 0.033

0.059

ADC

0.018 0.019 0.024 0.028 0.049 0.012 0.029 0.018 0.097 0.149 0.015

0.020

FA

0.192 0.055 0.100 0.148 0.690 0.085 0.841 0.951 0.599 0.278 0.841

0.951

CONCLUSION
The increased mean diffusivity may indicate underlying
physiologic processes affected the packing of axonal fibers
and increased extracellular space. This may be due to a less
restriction of the diffusion process, especially orthogonal to
the axons. The increase in ADCs in supratentorial NAWM of
patients with TSC may be related to changes in fiber packing
density secondary to astrogliosis.
KEY WORDS: Tuberous-sclerosis, diffusion tensor MR imaging

Paper 193 Starting at 4:03 PM, Ending at 4:11 PM
Correlation of Diffusion Tensor Imaging and
Tractography with Neurologic Status and Outcome in
Patients with Posterior Fossa Tumors
Lui, Y. W. · Law, M. · Babb, J. S. · Tuvia, K. · Johnson, G.
New York University Medical Center
New York, NY
PURPOSE
To determine if DTI measures and fiber tractography correlate with clinical findings including neurologic deficits and
clinical outcome in patients with brainstem/posterior fossa
tumors.
MATERIALS & METHODS
A retrospective study of patients with posterior fossa tumors
who underwent MR imaging with DTI was performed.
Histopathology, physical exam findings, treatments (surgical, radiation, and chemotherapy) and clinical follow-up data
were collected. MR images of the brain were reviewed by a
blinded observer. Images were obtained on a standard head
coil at 1.5 T and included diffusion tensor imaging using a
single-shot echo-planar imaging sequence (TR/TE/SL:
4000/99/5, 128 x 128 matrix, 240 x 240 FOV) obtained in 6
directions at a b value of 1000 s mm-2. Diffusion tensor
images were postprocessed using a Siemens Leonardo workstation and Siemens/MGH DTI taskcard. Fractional
anisotropy color maps of the brainstem were used to localize
white matter tracts: medullary pyramids, pontine corticospinal tracts, transverse pontine fibers, medial lemniscus/central tegmental tracts, brachium pontis, and cerebral
peduncles. Using regions of interest, FA, MD, and eigenvalues were measured in each visualized white matter tract.
Fiber tractography was performed and each tract was categorized as normal, diminished/disrupted, or displaced.
Correlations between DTI metrics and clinical outcomes,
and correlations between DTI metrics and neurologic exam
findings were assessed using Fisher’s exact test. MannWhitney test was used to assess the diagnostic utility of DTI
measures and tractography in predicting clinical outcome
and the presence of neurologic deficits.
RESULTS
We studied 29 patients: brainstem glioma (n = 13), mixed
neuronal/glial tumor (n = 4), CNS sarcoma (n = 1), juvenile
pilocytic astrocytoma (n = 7), ependymoma (n = 3), hemangioblastoma (n = 1). Twenty-six patients had physical exam
documented within 48 hours of MR imaging; three had bilateral motor weakness, six had unilateral motor weakness (3
left, 3 right), 17 had no motor deficit. Of the six patients with
right-sided weakness, three demonstrated diminished/disrupted left-sided motor tractography and three demonstrated
normal tractography. Of the 18 patients without right-sided
weakness, one demonstrated diminished/disrupted left-sided
motor tractography and 17 demonstrated normal tractography. Of the six patients with left-sided weakness, two
demonstrated diminished/disrupted right-sided motor tractography, one displaced right-sided motor tractography, and
three normal tractography. Of the 19 patients without leftsided weakness, one had diminished/disrupted right-sided
motor tractography, two had displaced right-sided motor
tractography, and 16 had normal tractography. Fisher’s exact
test indicated patients with diminished/disrupted left-sided
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motor tractography were more likely (p = 0.035) to have
right-sided motor deficits than subjects with normal leftsided motor tractography. A similar association did not reach
significance between right motor tractography and left-sided
weakness (p = 0.125). Mann-Whitney test, used to compare
patients with and without progression, demonstrated the MD
and the Elong in the pyramidal tracts to be predictive of patient
outcome and progression (p = 0.031 and 0.038). Similarly,
the FA in the medial lemniscus/central tegmental tracts was
predictive of patient outcome and progression (p = 0.006).

KEY WORDS: Tumor, diffusion tensor imaging
Paper 194 Starting at 4:11 PM, Ending at 4:19 PM
Differentiating Tumor Types in the Posterior Fossa Using
Diffusion Tensor Metrics and Tractography
Lui, Y. W. · Law, M. · Babb, J. S. · George, E. · Ames, M. ·
Johnson, G.
New York University Medical Center
New York, NY
PURPOSE
To determine if diffusion tensor metrics including fractional
anisotropy (FA), mean diffusivity (MD), longitudinal (Elong)
and transverse (Etrans) eigenvalues as well as fiber tractography of brainstem white matter tracts are useful in distinguishing between infiltrating and well circumscribed tumors
of the posterior fossa.
MATERIALS & METHODS
A review of patients with posterior fossa tumors who underwent preoperative MR imaging with DTI was performed.
Histopathologic data were collected. MR images of the brain
were reviewed by a blinded observer. Images were obtained
on a standard head coil at 1.5 T with diffusion tensor imaging using a single-shot echo-planar technique (TR/TE/SL:
4000/99/5, 128 x 128 matrix, 240 x 240 FOV) obtained in
six directions at a b value of 1000s mm-2. Diffusion tensor
images were postprocessed using a Siemens Leonardo workstation and Siemens/MGH DTI taskcard. Conventional MR
images were reviewed. Fractional anistropy color maps were
used to localize brainstem white matter tracts: medullary
pyramids, pontine corticospinal tracts, transverse pontine
fibers, medial lemniscus/central tegmental tracts, brachium
pontis, and cerebral peduncles. Using regions of interest, FA,
MD, Elong and Etrans eigenvalues were measured in each visualized white matter tract. Fiber tractography was performed.
Patients were divided into two groups based on tumor type:
infiltrating tumors, and well circumscribed tumors. Unequal
variance t tests were used to compare groups.
RESULTS
We studied 36 patients with posterior fossa tumors: 16 infiltrating tumors (15 brainstem glioma, 1 CNS sarcoma) and 20
well circumscribed lesions (10 JPA, 4 ependymoma, 2

CONCLUSION
Within brainstem white matter tracts in patients with posterior fossa tumors, tensor metrics are abnormal. Differences
in metrics exist between infiltrating tumors and well circumscribed tumors, in areas of T2 signal abnormality and in
NAWM. Fiber tracts also tend to be more disrupted in
patients with infiltrating tumors. Our findings support the
notion that NAWM in patients with infiltrating tumors is
abnormal. Diffusion tensor imaging is a useful technique to
characterize tumors of the posterior fossa and may provide
an in vivo method to differentiate tumoral infiltration from
edema.
KEY WORDS: Diffusion tensor imaging, posterior fossa,
brain tumor
Paper 195 Starting at 4:19 PM, Ending at 4:27 PM
Functional MR Imaging in the Presurgical Evaluation of
Patients with Brain Tumors: Optimization of the
Statistical Threshold
Chang, C. Y. · Holodny, A. · Peck, K. K. · Hou, B. ·
Petrovich, N. · Gutin, P.
Memorial Sloan-Kettering Cancer Center
New York, NY
PURPOSE
Tumors appear to influence the functional MR imaging
(fMRI) signal through a number of mechanisms. We investigated whether an optimal statistical threshold could be
obtained in healthy controls and patients with brain tumors
undergoing presurgical fMRI assessment.
MATERIALS & METHODS
The volumes of activation of the primary motor cortex
(PMC) and the lateral prefrontal cortex (PFC), a control area
for noise, were measured for the tumor and nontumor sides
in 24 patients and 8 healthy controls using four parameters
(first activation in PMC, first activation in PFC, activation in
both PMC and PFC, and subjective optimum). Statistical
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CONCLUSION
Preliminary data show an association between
diminution/disruption of the left-sided motor tracts as
demonstrated by fiber tractography and the presence of
right-sided motor deficits. Several DTI metrics also were
shown to be predictive of patient outcome and progression in
posterior fossa tumors.

medulloblastoma, 2 hemangioblastoma, 1 choroid plexus
papilloma, and 1 epidermoid). There were 18 males and 18
females with average age of 16.2 years. Comparison was
made to 29 controls. Both patient groups had elevated MD,
decreased FA, elevated Elong, and elevated Etrans compared to
controls (p < 0.05) in multiple brainstem white matter tracts
with T2 prolongation. In the corticospinal tracts with T2 prolongation, MD was higher (p = 0.006), FA was lower (p =
0.003), and Etrans was higher (p = 0.008) in patients with infiltrating tumors compared with well circumscribed tumors. A
similar trend was observed in the transverse pontine fibers (p
= 0.06). No difference was detected in Elong measures
between patient groups. In normal-appearing white matter
(NAWM), there was lower MD in the corticospinal tracts (p
= 0.02) in patients with infiltrating tumors compared to those
with well circumscribed tumors. There was also higher FA in
the corticospinal tracts (p = 0.02), cerebral peduncles (p =
0.007), and brachium pontis (p = 0.004). There was no difference between metrics obtained in NAWM in patients and
controls. Using tractography, circumscribed lesions such as
JPA tended to displace brainstem fiber tracts, whereas brainstem gliomas tended to disrupt them.
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comparisons of the correlation coefficient (r) and p-values
corresponding to these parameters were performed using ttests and coefficient of variation.
RESULTS
For each parameter a large range of r and p-values was
observed. The minimum and maximum p-values differed
between 102 and 1031. The mean r-value for first activation in
the PMC was higher in controls than for both the tumor and
nontumor sides in patients. The mean r-value for “first activation in the noise area” and “activation in both the PMC
and the PFC” in controls was significantly different from the
mean r-value for the tumor and nontumor sides in patients (p
< 0.05). The magnitude of the range of r-values for the nontumor side was closer to the tumor side data than to the control data.

Paper 196 Starting at 4:27 PM, Ending at 4:35 PM
Language Laterality Index in Tumor Patients Using
Functional MR Imaging: Effect of Statistical
Thresholding
Ruff, I.1 · Petrovich, N.2 · Peck, K.2 · Hou, B.2 · Tabar, V.2 ·
Gutin, P.2 · Holodny, A.2
1
Northwestern University Feinberg School of Medicine,
Chicago, IL, 2Memorial Sloan-Kettering Cancer Center,
New York, NY

PURPOSE
Functional MR imaging (fMRI) can be used to preoperatively determine the relationship of language areas to adjacent
brain tumors. The objective of this study was to determine
whether changing the statistical threshold influences the language laterality index (LI) for a group of controls, tumor
patients without prior surgery, and tumor patients with prior
surgery.
MATERIALS & METHODS
Seven controls, nine tumor patients without prior surgery,
and four tumor patients with prior surgery performed verb
generation, phonemic fluency, and semantic fluency language tasks during fMRI. Interhemispheric activation differences between left and right Broca’s regions of interest were
determined by calculating language LI. Language LI were
compared within each group, between groups, and between
language tasks. Language lateralization was confirmed by
intraoperative electrocortical mapping or postoperative neurology examinations.
RESULTS
The language LI varied as a result of statistical thresholding,
presence of tumor, prior surgery, and language task.
Although patients and normals followed a similar shape in
the LI curve, there was no optimal or common p-value at
which all subjects exhibited a peak LI of +/-1. Two cases
demonstrated a shift in the LI between hemispheres as the
statistical threshold increased in stringency.
CONCLUSION
For preoperative tumor patients, the LI should be examined
across a spectrum of p-values and across a range of tasks to
ensure reliability, since there is no optimum p-value for all
patients and because the data suggest that the LI is taskdependent.

CONCLUSION
It is imperative to evaluate functional MR data with a wide
range of statistical parameters, especially in the assessment
of tumor patients.
KEY WORDS: Statistical threshold, presurgical evaluation,
brain tumor

KEY WORDS: Functional MR imaging, language, tumor
Paper 197 Starting at 4:35 PM, Ending at 4:43 PM
Lateralization of Visual and Verbal Hippocampal
Memory Using Functional MR Imaging
Lignelli, A. · Hilario, M. · DeLaPaz, R. · Sy, M. · Hirsch, J.
Columbia University Medical Center
New York, NY
PURPOSE
The most common cause of complex partial seizures is
mesial temporal or hippocampal sclerosis, which is treated
by temporal lobe resection in medically intractable cases.
Based on the material-specific memory model, for right-
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handed individuals, verbal memory is presumed to be encoded in the left medial temporal lobe while visual memory is
presumed to be encoded in the right medial temporal lobe.
The purpose of this study is to provide lateralizing fMRI paradigms for verbal and nonverbal memory processes in the
hippocampus.

RESULTS
For the verbal memory task the hippocampus was activated
in 9/12 subjects, while for the visual memory task the hippocampus was activated in 6/12 subjects. No hippocampal
activation was found for either task in 3/12 subjects. Group
analysis demonstrated left lateralization for the verbal memory stimulus, for p < 0.05. No overall group lateralization
was found for the visual memory task. When examining
individual visual activation, 4/12 demonstrated right hippocampal activation, 1/12 demonstrated left hippocampal
activation, and 1/12 demonstrated bilateral hippocampal
activation.
CONCLUSION
Although the verbal memory task elicited lateralized activity in the left hippocampus, visual memory task proved to be
less specific. This finding may be of importance in surgical
planning as visual memory may not be assumed to be contralateral to verbal memory.
KEY WORDS: Functional MR imaging, temporal lobe, memory

4:50 PM – 6:20 PM
Room 5AB
(35) Spine Interventional Practice for
the Neuroradiologist (ASSR)
Evaluation of Internal Disk Derangement
— Wade H. M. Wong, DO
Percutaneous Diskectomy
— Jeffrey A. Stone, MD
CT-Fluoroscopy-Guided Spine Interventions
— Andrew L. Wagner, MD
Moderators:

Alyssa T. Watanabe, MD
Gregg H. Zoarski, MD

Evaluation of Internal Disk Derangement
Wade H. M. Wong, DO

Percutaneous Diskectomy
Jeffrey A. Stone, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify patients who may benefit from percutaneous disk
decompression.
2) Review the potential success of the procedure based on
available data.
3) Apply the technique of percutaneous disk decompression.
PRESENTATION SUMMARY
This presentation will review the technique of percutaneous
disk decompression for the treatment of contained, symptomatic, lumbar disk herniations. Proper patient selection will
be emphasized and the current methods of disk decompression will be discussed including use of the Nucleoplasty and
Dekompressor devices. A brief overview of existing outcomes data also will be presented.

Tuesday

MATERIALS & METHODS
Data acquisition: Functional data were acquired on a 1.5 T
GE Sigma MR imaging scanner, using T2* EPI with BOLD
contrast pulse sequence. Thirty-six slices were acquired
along the AC-PC plane, (matrix 64 x 64, FOV = 19 cm,
voxel size 2.97 mm x 2.97 mm x 3.0 mm). A total of 289 volumes were acquired during the functional runs (TR 3 s,TE
40 ms). Structural data were acquired using a 3D T1 SPGR
sequence with isomorphic voxels. Data processing and
analysis: Data were preprocessed and analyzed using
Statistical Parametric mapping (SPM2, Wellcome
Department of Imaging Neuroscience, London, UK). Image
preprocessing included realignment, coregistration of functional scans with high-resolution SPGR T1 images, and spatial normalization into a standard space (Montreal
Neurological Institute template). Normalized functional
images were spatially smoothed with a Gaussian kernel (9
mm). Hippocampal ROIs were defined by using the WFU
PickAtlas, version 2.0. Subjects: Twelve right-handed volunteers, with a mean age of 32 years, participated in the experiment (6 men and 6 women). IRB-approved written
informed consents were obtained. The hand preference of
each participant was assessed using the Edinburgh
Handedness Inventory (Oldfield, 1971). All participants
were right handed. Experimental procedure: The experiment
was a multiblock design. Subjects were presented with two
encoding runs. For the visual memory task subjects were
presented with color half patterns from which they then were
asked to extrapolate whole patterns. Visual baseline consisted of remembering a particular image of black lines when
prompted. The verbal memory task consisted of creating a
new sentence when presented with two words and then
adding a new third word to create a new sentence. Verbal
baseline consisted of remembering the same sentence, previously rehearsed, for a given word pair.

Tuesday Afternoon
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CT-Fluoroscopy-Guided Spine Interventions

Tuesday

Andrew L. Wagner, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Understand the basic operation of a CT-Fluoroscopy unit
and the advantages/disadvantages as compared to standard
CT and fluoroscopy
2) Illustrate the uses and techniques of CT-Fluoroscopic
guidance in the field of spine intervention, including epidural injections, nerve root blocks, facet and sacroiliac joint
injections, vertebral biopsies and ganglion blocks.
PRESENTATION SUMMARY
The practice of spine intervention, especially in the realm of
pain management, is a growing one within the neuroradiology community, due to preexisting image-guidance skills and
anatomical knowledge, as well as an inherent objectivity.
While most often performed with fluoroscopy, most spine
intervention is well suited to CT fluoroscopic guidance,
especially if the performing physician already is skilled in
CT-guided needle placement from other procedures. Like
CT, CT fluoroscopy (CTF) demonstrates the relevant anatomy as well as the precise position of the needle tip, but uses
much less radiation and physician time. In addition, CTF
allows real-time contrast injection and needle manipulation
(when necessary), and can increase patient comfort during
the procedure due to less needle manipulation and avoidance
of certain structures. The advantages and limitations of CTF
will be discussed, relative to its use in spine interventional
procedures such as epidural steroid injections, selective
nerve root blocks, ganglion blocks, facet and SI joint blocks
and vertebral biopsy.

Tuesday Afternoon
4:50 PM – 6:20 PM
Ballroom 6ABCF
(36) Review of Pediatric Orbit and
Temporal Bone (ASPNR) – Audience
Response System (ARS)*
Imaging the Pediatric Orbit
— Marvin D. Nelson, MD
Imaging the Pediatric Temporal Bone
— Timothy N. Booth, MD
Moderators:

John C. Egelhoff, MD
Eric N. Faerber, MD

*An educational grant was received by Berlex in
support of the Audience Response Systems (ARS)
technology.
Self Assessment Module (SAM) programming:
Qualified by the American Board of Radiology in
meeting the criteria for the self-assessment toward
the purpose of fulfilling requirements in the ABR
Maintenance of Certification Program.

REFERENCES
1. Wagner AL. Selective lumbar nerve root blocks with CT fluoroscopic guidance: technique, results, procedure time and
radiation dose. AJNR Am J Neuroradiol 2004;25:1592-1594
2. Wagner AL.CT fluoroscopy-guided epidural injections:
technique and results. AJNR Am J Neuroradiol 2004;25:18211823
3. Meleka S, Patra A, Minkoff E, Murphy K. Value of CT fluoroscopy for lumbar facet blocks. AJNR Am J Neuroradiol
2005;26:1001-1003

Imaging the Pediatric Orbit
Marvin D. Nelson, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the imaging characteristics of important pediatric
orbital disease.
2) Describe the proper imaging work up for children with
retinoblastoma.
3) Demonstrate the important findings relevant to what the
Ophthalomogists what to know.
PRESENTATION SUMMARY
This session will review CT and MR techniques for imaging
the orbits in children. The imaging characteristics of common pediatric orbital diseases will be presented. The normal
and abnormal development of the eye will be reviewed. A
special focus on the diagnosis and treatment of retinoblastoma will be discussed. Orbital trauma and infections common to the globe and orbital contents also will be included.
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Imaging the Pediatric Temporal Bone
Timothy N. Booth, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Illustrate pertinent anatomy of the pediatric temporal
bone.
2) Propose imaging strategies for the pediatric temporal
bone.
3) Discuss the wide range of pathology involving the pediatric temporal bone based on clinical presentation.

Tuesday Afternoon
4:50 PM – 6:20 PM
Ballroom 6DE
(37) Advanced Imaging Seminar –
Perfusion
Perfusion and Permeability – Stroke
— Andrea Kassner, MD
Perfusion and Permeability - Tumors
— Meng Law, MD
Quantitative Perfusion: Arterial Spin Labeling
— Ronald L. Wolf, MD, PhD
Moderators:

Timothy P.L. Roberts, PhD
Aaron S. Field, MD, PhD

Perfusion and Permeability – Stroke
Andrea Kassner, MD
Dr. Kassner is an Imaging Scientist and an appointed faculty member at the Assistant Professor level in the Department
of Medical Imaging at the University of Toronto since March
2003. She is also the teamleader for Microvascular Imaging

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the role of physiological based MR imaging in
acute ischemic stroke.
2) Identify the role of permeability MRI in assessing risk of
hemorrhagic transformation.
3) Recognize the difference between MR perfusion and permeability.
PRESENTATION SUMMARY
Increased risk of intracranial hemorrhage limits the general
use of thrombolytic therapies (i.e., t-PA) in acute ischemic
stroke (AIS). Although some clinical and radiologic characteristics have been associated retrospectively with subsequent neurologic outcome, it remains difficult to predict
prior to treatment who will develop hemorrhage, incurring
increased morbidity and mortality. Thus, a method that identifies patients at higher risk of hemorrhagic transformation
(HT) is mandated for the successful application of thrombolytic therapy. In contrast to clinical assessment alone, MR
imaging can provide the option of selecting patients for treatment based on physiology rather than time, potentially leading to improved outcomes, reduced complications, and
increased proportion of patients eligible for treatment.
Development of physiological-based imaging including diffusion (an indicator of cytotoxic edema) and perfusion MR
imaging (characterization of hemodynamic abnormalities)
has improved characterization of the physiological impairment of ischemic tissue to the point where it is possible to
identify viable tissue at risk (“the penumbra”).
Reestablishing perfusion to the penumbral tissue has become
the cornerstone of modern stroke management showing the
impact of this type of physiological imaging in patients. The
role of MR imaging as a physiological imaging tool with the
ability to characterize tissue injury continues to expand in
clinically meaningful directions. An example of this is permeability imaging where it is possible to quantify defects in
the blood-brain barrier (BBB) by tracking the entry of intravenously administered contrast into the extravascular space
of the tissue. If combined with pharmacokinetic modeling,
permeability can provide quantitative information about
defects in the BBB. These defects are seen before gross brain
infarction and hemorrhage. Although the exact site of hemorrhagic transformation (HT) in acute ischemic stroke is not
known, there is mounting evidence that this occurs at the
microvascular level and precedes HT. If this is true, then
detection and quantitation of microvascular defects at the
time of presentation would be invaluable especially if the
degree/progression of these defects could be minimized
(e.g., by administering steroids for BBB stabilization). We
recently have completed a study accepted for publication
using permeability MR imaging in AIS patients.

Tuesday

PRESENTATION SUMMARY
Imaging of the temporal bone in the child encompasses a
wide range of pathology ranging from rhabdomyosarcoma to
cholesteatoma. We will base the discussion on clinical presentation; the child with a middle ear mass or sensorineural
hearing loss. The presentation will consist of series of cases
with subsequent questions and discussion. At the conclusion
of the lecture, the listener will have a better understanding of
the anatomy and pathology that involves the pediatric temporal bone. Optimal imaging strategies will we discussed.

with the responsibility to expand and develop the clinical
research program in advanced MR imaging techniques for
studying and monitoring disease of the brain, with a principal focus on cerebrovascular imaging. Prior to her appointment at the University of Toronto, she was working for
Philips Medical Systems Europe as a Clinical Scientist in
MR imaging. Dr. Kassner received her PhD from the
University of Manchester, England in 2002. She has written
more than 20 articles and five book chapters of which three
recent articles and one chapter deal specifically with perfusion and permeability MR imaging.
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Significantly increased permeability was found in three out
of 10 cases all of whom went on to hemorrhage implying a
causal predictive relationship. This indicates the potential of
this technique for identifying patients at higher risk of HT
and offers the use of physiological imaging rather than time
from onset of symptoms to guide treatment decisions.

Perfusion and Permeability – Tumors

Tuesday

Meng Law, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Differentiate the methodologies which can be used to
obtain perfusion and permeability measurements in brain
tumors and appreciate the advantages and disadvantages of
each method.
2) Discuss the role of perfusion metrics and permeability in
determining tumor biology/patient outcome as well as differentiating between primary and metastatic tumors.
3) Recognize the role of perfusion and permeability in postoperative triage of patients for further molecular characterization, differentiating between recurrent tumor and therapeutic necrosis and in the assessment of antiangiogenic therapies.
4) Demonstrate why and how we can measure perfusion and
permeability more.
PRESENTATION SUMMARY
There are a number of different methods for measuring perfusion and permeability using Gd-DTPA. We review the
advantages and disadvantages of spin-echo (T1 and T2) versus gradient-echo (T2*) techniques; first-pass bolus tracking
(DSC MRI) versus steady state approaches in measuring perfusion metrics such as CBV, CBF, MTT, TTP, fPV, KPS,
Ktrans (1). Different methodologies may be more optimal
for measuring different metrics due to the complex pathophysiology of tumor vascularity/permeability. A first-pass
bolus tracking method may be more optimal for measuring
CBV, whereas a steady state approach may be better for
measuring permeability (2). There is a correlation between
tumor biology and perfusion/permeability metrics (3, 4).
Differentiating between recurrent tumor and therapeutic
necrosis is often a challenging task. Radiation necrosis is an
occlusive vasculopathy with endothelial injury leading to
fibrinoid necrosis of small vessels, endothelial thickening,
hyalinization and vascular thrombosis, resulting in low CBV.
The therapeutic effects of an anti-VEGF antibody (Avastin)
on tumor microvasculature has been shown using DCE MRI
(5). A phase 1 trial has demonstrated the utility of DSC MRI
in the assessment of angiogenesis and the effects of the
antiangiogenic agent EMD 121974 (cilengitide), confirming
that perfusion MR imaging can measure angiogenesis in a
multiinstitutional study. As perfusion and permeability
become applied more widely in the clinical setting, reproducible methods for postprocessing and analyzing the data
becomes critical, so that metrics can be generated more
objectively.

REFERENCES
1. Law M, Young R, Babb J, et al. Comparing perfusion metrics
obtained from a single compartment versus pharmacokinetic modeling methods obtained from dynamic susceptibility contrast-enhanced perfusion MRI with glioma grade.
AJNR Am J Neuroradiol 2006; in press
2. Parks LD, Choma MA, York GE, Moya M, Provenzale JM.
Correlation of DCE and rCBV values for patients with high
grade glial neoplasms. Proceedings of the RSNA
2005;Chicago, Ill:346
3. Law M, Yang S, Wang H, et al. Glioma grading: sensitivity,
specificity, and predictive values of perfusion MR imaging
and proton MRSI compared with conventional MRI. AJNR
Am J Neuroradiol 2003;24:1989-1998
4. Law M, Yang S, Babb JS, et al. Comparison of CBV and vascular permeability from dynamic susceptibility contrastenhanced perfusion MRI with glioma grade. AJNR Am J
Neuroradiol 2004;25:746-755
5. Preda A, Novikov V, Moglich M, et al. MRI monitoring of
Avastin antiangiogenesis therapy using B22956/1, a new
blood pool contrast agent, in an experimental model of
human cancer. J Magn Reson Imaging 2004;20:865-873

Quantitative Perfusion: Arterial Spin Labeling
Ronald L. Wolf, MD, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss practical implementations of ASL perfusion MRI
in clinical practice.
2) Evaluate the potential advantages and disadvantages of
ASL perfusion MRI.
PRESENTATION SUMMARY
Clinical perfusion techniques use tracers in 2 basic categories: diffusible and nondiffusible. Diffusible tracer techniques include H215O PET, stable xenon CT, and arterial spin
labeled (ASL) MRI. Diffusible tracers are not confined to the
vessels and enter the tissue. The major nondiffusible tracer
techniques in use are bolus contrast CT and MR perfusion
methods, where the tracer remains within the vasculature as
long as the blood brain barrier is intact. Nondiffusible methods are currently the most commonly used for neuroradiology applications. There are many implementations of ASL,
which in general fall into 2 basic categories: pulsed and continuous. In both cases, arterial blood water is labeled and
allowed to flow into the imaging plane(s), during which time
there is T1 decay of the label. Subtraction of labeled images
from unlabeled control images yields a difference image, in
which measured signal change is proportional to cerebral
blood flow (CBF). Multiple labeled/control image pairs are
typically acquired and averaged[1]. A brain perfusion study
thus takes about 5-10 minutes to acquire. ASL studies
require no IV contrast and no delay between acquisitions.
CBF measurements can thus be repeated immediately, and
successive CBF maps can be obtained with temporal resolution of 3-8 seconds for functional MRI (as opposed to relying on the BOLD effect)[2, 3]. There are several advantages
to using ASL techniques. Multiple repeated measurements
can be obtained, so temporal resolution is better than that of
dynamic susceptibility contrast (DSC) perfusion MRI and
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REFERENCES
1. Alsop, D.C. Perfusion MR Imaging, in Magnetic Resonance
Imaging of the Brain and Spine, S.W. Atlas, Editor. 2002,
Lippincott Williams and Wilkins: Philadelphia. 215-238
2. Aguirre, G.K., et al. Experimental design and the relative
sensitivity of BOLD and perfusion fMRI. Neuroimage, 2002.
15(3):488-500
3. Calamante, F., et al. Measuring cerebral blood flow using
magnetic resonance imaging techniques. J Cereb Blood Flow
Metab, 1999. 19(7):701-35
4. Wintermark, M., et al. Comparative overview of brain perfusion imaging techniques. Stroke, 2005. 36(9):83-99
5. Latchaw, R.E., et al. Guidelines and recommendations for
perfusion imaging in cerebral ischemia: A scientific statement for healthcare professionals by the writing group on
perfusion imaging, from the Council on Cardiovascular
Radiology of the American Heart Association. Stroke, 2003.
34(4):1084-1104

Tuesday Afternoon
5:00 PM – 6:00 PM
Room 2
(38) NLM Workshop: When PubMed
Is Not the Answer...
— Maryanne Blake

Tuesday

fMRI studies can be performed. The noninvasive nature of
ASL methods is attractive for patients with poor IV access
and also infants and children. Absolute quantitation is possible with relative insensitivity to permeability effects.
Finally, ASL methods are less affected by large vessel signal.
On the other hand, transit delays may cause artifacts like persistent label in large vessels. Susceptibility effects may cause
difficulties near paranasal sinuses and skull base or near
hemorrhagic foci. Another potential disadvantage is relatively low SNR, at least in original implementations. However,
SNR increases on the order of 10-fold have become available with combinations of higher field strength scanners and
improvements in arterial spin labeling efficiency, background suppression, parallel imaging, and coil technology.
Practical utility of ASL methodology has been demonstrated
for several potential applications, including acute and chronic cerebrovascular disease, CNS neoplasms, epilepsy, and
fMRI[4, 5]. Improvements in technique suggest that ASL
perfusion MRI can soon be implemented in routine clinical
practice.
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NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.

Wednesday Morning

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Describe advances in imaging for identifying people at
risk for developing Alzheimers Disease.

8:00 AM – 9:00 AM
Ballroom 6ABCF
(39) Maintenance of Certification
(MOC ) – Spine Review Session –
Audience Response System (ARS)*
— Jeffrey S. Ross, MD
Jeffrey S. Ross, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the Maintenance of Certification
(MOC) Review Sessions.

PRESENTATION SUMMARY
Alzheimers disease (AD) is the most common dementing illness in the U.S. With increasing longevity of the population,
the prevalence of individuals with this disease is expected to
increase substantially in the next few decades. Progress in
the treatment of AD is advancing slowly, but significantly. It
is likely that success in treating AD will depend on early,
reliable recognition of manifestations of the disease at a preclinical or early clinical stage. Imaging has the potential to
detect early those people at risk for developing AD.

Mild Cognitive Impairment: Normal or Alzheimer’s
Disease?
Ronald C. Peterson, MD, PhD

Wednesday Morning
9:00 AM – 10:00 AM
Ballroom 6ABCF
(40) General Session (ARS)
Degenerative Diseases
— R. Gilberto Gonzalez, MD, PhD
Mild Cognitive Impairment: Normal or Alzheimer’s
Disease?
— Ronald C. Peterson, MD, PhD
Imaging of Alzheimer’s Disease and Mild Cognitive
Impairment
— Clifford R. Jack, MD
Moderator:

Dr. Ronald C. Petersen is currently a Professor of Neurology
and the Cora Kanow Professor of Alzheimer's Disease
Research and Director of the Alzheimer's Disease Research
Center at the Mayo Clinic College of Medicine in Rochester,
Minnesota. He received his Medical Degree from the Mayo
Medical School and completed an internship in Internal
Medicine at Stanford University Medical Center, a residency
in Neurology at the Mayo Clinic, and a fellowship in
Behavioral Neurology at Harvard Medical School. He has
been on the staff of the Mayo Clinic for the past 20 years and
has contributed three books and over 250 peer-reviewed
articles on aging, memory, mild cognitive impairment and
Alzheimer's disease.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify current status of treatments for mild cognitive
impairment.
2) Identify a diagnosis mild cognitive impairment.
3) Determine predictors of progression from mild cognitive
impairment to Alzheimer's disease.
4) Determine the outcome of subjects with mild cognitive
impairment.

R. Gilberto Gonzalez, MD, PhD
PRESENTATION SUMMARY
Mild cognitive impairment (MCI) is a transitional state
between the cognitive changes of normal aging and the very
earliest signs of probable Alzheimer's disease (AD).
Individuals with MCI typically have a memory impairment

Wednesday

Moderator:

Degenerative Diseases
R. Gilberto Gonzalez, MD, PhD
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beyond what would be expected for age, yet they have
preservation of other cognitive skills and are functionally
intact. They do not meet criteria for dementia. Longitudinal
studies of individuals with MCI indicate that they progress to
AD at a rate of 10 to 15% per year. The prevalence of MCI
is under investigation but early studies indicate that it ranges
from 13 to 16% of non-demented individuals in the population age 65 and older. Incidence rates for MCI are also being
developed but it is likely that they range in the 1% per year
range which is somewhat similar to rates found for AD itself.
There are certain predictors which are known to herald a
more rapid progression including possession of an
Apolipoprotein E4 allele and atrophic hippocampal formations on MRI. The neuropathology of MCI has been shown
to be transitional between age-related changes and the early
features of AD. Several international treatment trials have
recently been completed and one study involving donepezil
and vitamin E demonstrated that donepezil can delay the
transition from MCI to AD for up to 12 months in all subjects and up to 24 months in the subset of subjects who are
Apolipoprotein E4 carriers. The clinical utility of the construct of MCI will be discussed.

ically proven to track with independent measures of disease
stage and progression, and that a plausible biological link
exists between the imaging measurement and the disease
itself (2-4). MR imaging is a highly flexible imaging modality capable of measuring a number of different biologic
parameters, for example, anatomical structure, metabolite
concentration, proton diffusion, tissue perfusion, etc. All
these tissue properties have been evaluated to some extent
with MR as potentially useful diagnostic features of AD. The
most widely studied MR parameter in AD has been brain
morphometry which is perhaps also the most straightforward
of all tissue parameters measurable by MR imaging (5, 6).
The pertinent literature will be considered under several different categories: cross-sectional imaging-clinical correlations; imaging-autopsy correlations; predicting future development of AD in MCI subjects; and, measuring of rates of
change from serial imaging studies.
REFERENCES
1.
2.
3.
4.
5.
6.

Klunk, et al. 2004
Freeborough, et al. 1997
Jack, et al. 2004
Thompson, et al. 2001
Ashburner, et al. 2000
Cheetlat, et al. 2005

Imaging of Alzheimer’s Disease and Mild Cognitive
Impairment
Clifford R. Jack, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the specific pathologic features of AD that are
measured with various MR techniques.
2) Identify evidence that measures of change from serial
MRI studies meet criteria as a biomarker of disease progression in mild cognitive impairment and AD.
3) Identify evidence that MR-based measures may provide
predictive information about the risk of progression to AD in
elderly normal and mildly impaired subjects.
PRESENTATION SUMMARY
In each person who develops Alzheimer's disease (AD), the
transition from normal to clearly recognizable AD occurs
gradually over a number of years without an abrupt transition point. A clinically definable transition stage between
cognitive normality and AD has been labeled mild cognitive
impairment (MCI). Unfortunately at the time that a clinical
diagnosis of AD can be made with a relative certainty, extensive irreversible degenerative pathologic changes already
have occurred. Therefore the optimal subjects in whom to
intervene are those who currently do not have the diagnosis
but are destined to develop AD in the future. Even a minor
delay in the average age of onset of AD would have major
public health benefits. Currently no absolute diagnostic
marker exists for AD. Therefore, better noninvasive methods
are needed to accurately predict the risk of developing AD in
the future, staging the disease, and measuring its progression. The ideal diagnostic measure would be a direct in vivo
measurement of plaque and tangle burden, and promising
results toward this objective have been reported in nuclear
medicine (1). Ample evidence exists to support the position
that indirect imaging measures of AD also can be valid disease markers provided that the imaging measures are empir-

Wednesday Morning
10:30 AM – 10:45 AM
Ballroom 6ABCF
(41) ASNR Presidential Address
ASNR Presidential Address
— Patricia A. Hudgins, MD, ASNR President
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Wednesday Morning

10:45 AM – 10:55 AM
Ballroom 6ABCF

11:30 AM – 11:50 AM
Ballroom 6ABCF

(42) ASNR Award Announcements

(44) American Society of
Neuroradiology (ASNR) Annual
Business Meeting (Members Only)

• 2006 Gold Medal Awards
• 2006 ASNR Honorary Member
• 2006 ASNR Cornelius G. Dyke Memorial Award
• 2005 Outstanding Presentation Awards
• 2006 NER Foundation Scholar Award in
Neuroradiology Research

12:10 PM – 1:10 PM
Room 16A
(60) American Society of Functional
Neuroradiology (ASFNR) Annual
Business Meeting (Members Only)

• 2006 NER Foundation Grant for Outcomes
Research Related to CT and MR Perfusion
• 2006 Berlex/NER Foundation Fellowship in Basic
Science Research Awards

Wednesday Afternoon
1:00 PM – 2:30 PM
Ballroom 6DE

Wednesday Morning
(45) Suprahyoid Neck (ASHNR)
10:55 AM – 11:30 AM
Ballroom 6ABCF
(43) The Case for Incidental
Responsibility
— William S. Ball, Jr., MD

Global Anatomy of the Suprahyoid Neck
— Richard H. Wiggins, III, MD
The Normal and Diseased Pharyngeal Mucosal
Space/Surface
— Nancy J. Fischbein, MD
The Normal and Diseased Parotid and Masticator
Spaces
— Christine M. Glastonbury, MBBS, FRANZCR
The Normal and Diseased Carotid Space
— Patricia A. Hudgins, MD
Moderator:

Richard H. Wiggins, III, MD

Wednesday

• 2006 NER Foundation/Boston Scientific
Fellowship in Cerebrovascular Disease
Research

Wednesday Afternoon
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Global Anatomy of the Suprahyoid Neck

The Normal and Diseased Parotid and Masticator Spaces

Richard H. Wiggins, III, MD

Christine M. Glastonbury, MBBS, FRANZCR

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Define the spaces of the suprahyoid neck.
2) Organzine space specific differentials based on the anatomy.
3) Identify important anatomic structures within the spaces.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Describe the key anatomic landmarks of the parotid and
masticator spaces.
2) Indicate the most frequent pathologies involving these
spaces and the key imaging features to guide clinicians in
their management of disease.

PRESENTATION SUMMARY
The cervical soft tissues superior to the hyoid bone include a
complex region of multiple small anatomic structures. This
region is best evaluated with a spatial radiologic analysis
deep facial lesions of this area, to accurately create a space
specific diagnosis. The deep cervical fascia has three layers:
the superficial, middle, and deep layer. These fascia layers of
the suprahyoid neck divide this region into specific spaces:
parapharyngeal space (PPS), masticator space (MS), parotid
space (PS), carotid space (CS), pharyngeal mucosal space
(PMS), retropharyngeal space (RPS), and perivertebral
space (PVS). Specifically, the superficial layer of the deep
cervical fascia surrounds the masticator and parotid spaces,
and contributes to the carotid space. The middle layer of the
deep cervical fascia defines the deep margin of the pharyngeal mucosal space, and also contributes to the carotid space.
The deep layer of the deep cervical fascia surrounds the
perivertebral space, and also contributes to the carotid space.
The lateral spaces are adjacent to the parapharyngeal space,
and the displacement of the fat within this space can assist
with the determination of the space origin of a lateral
suprahyoid mass. The 2 midline posterior spaces, the
retropharyngeal and perivertebral spaces are adjacent to the
longus coli muscles, and their displacement can assist with
the determination of the center of a midline posterior
suprahyoid neck space mass.

The Normal
Space/Surface

and Diseased

Pharyngeal

Mucosal

Nancy J. Fischbein, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the anatomy and common pathologies of the pharyngeal mucosal space.
2) Discuss the appearance of squamous cell carcinoma
involving common mucosal subsites.
PRESENTATION SUMMARY
The pharyngeal mucosal space is affected by many disease
processes, and the anatomy and pathology of this space will
be reviewed. Of particular interest is the most common neoplasm of the pharyngeal mucosal space, squamous cell carcinoma. As the mucosal surfaces of the upper aerodigestive
tract are visible to the eye of the treating clinician, either in
the office or the operating room, the radiologist should be
aware of what the clinician needs to know with regard to
spread of this neoplasm. Extension to bone, perineural
spread, and vascular involvement will be emphasized.

PRESENTATION SUMMARY
The parotid space and the masticator space are the two lateral spaces of the deep face, both circumscribed by the superficial layer of the deep cervical fascia (DCF). The muscles of
mastication: the medial and lateral pterygoids and the masseter and temporalis muscles are the predominant tissue
comprising the masticator space (MS). These muscles are
supplied by the third, or mandibular, division of the trigeminal nerve (CN5) which enters the MS through foramen ovale
of the middle cranial fossa. The pterygoid venous plexus also
enters the MS through this skull base foramen, and is a
venous drainage pathway of the cavernous sinus. The most
frequent pathologic processes to involve the masticator
space are infectious and commonly dental-related due to the
close anatomical relation of this space to the teeth. Less commonly primary tumors arise in the muscles, such as rhabdomyosarcoma in the pediatric population, or primary or
secondary lymphomas. Asymmetry of the muscles of mastication also can be found with unilateral muscular atrophy
from CN5 motor denervation or benign unilateral muscular
enlargement. Asymmetry of the pterygoid venous plexus is a
frequent normal variant that should not be mistaken for a
pathologic MS mass. The superficial layer of DCF encloses
the superficial and the deep lobe of the parotid gland, the latter of which projects more centrally in the deep face, through
the stylomandibular notch and abutting the parapharyngeal
fat. The parotid space's (PS) predominant tissue is thus salivary gland, resulting in a wide spectrum of inflammatory
disease and primary salivary benign and malignant neoplasms. The PS also contains lymph nodes that may be a site
of metastatic disease or primary lymphoid malignancy. The
facial nerve (CN7) traverses the parotid space after exiting
the stylomastoid foramen of the temporal bone and supplying the digastic muscle's posterior belly. The CN7 course is
used as a guide for delineation of the parotid gland into
superficial and deep lobes. One of the radiologist’s most
important roles when imaging these two spaces for malignancy is to carefully evaluate CN5 and CN7 for perineural
tumor spread. It is essential to delineate the entire neural
course to their root entry zones at the brainstem.
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The Normal and Diseased Carotid Space

Pediatric Neuroangiography

Patricia A. Hudgins, MD

Avery J. Evans, MD

LEARNING OBJECTDIVES
Upon completion of this presentation, participants will be
able to:
1) Review the CS anatomy, including the fascial boundaries
and contents.
2) Ientify CS lesions, and develop an appropriate differential
diagnosis.

Pediatric Exrtracranial Vascular Lesions: Treatment
Strategies

PRESENTATION SUMMARY
The Carotid Space (CS) extends from the skull base to the
thoracic inlet, and CS lesions can be present in both the supra
and infrahyoid neck. This session will review the CS anatomy, including the fascial boundaries and contents. Common
lesions, especially those that involve the internal and common carotid artery, will be presented. At the end of the session, the attendee will be able to recognize CS lesions, and
develop an appropriate differential diagnosis.

1:00 PM – 2:30 PM
Ballroom 6ABCF
(46) Pediatric Neurointerventions
(ASITN) – Audience Response System
(ARS)*
Pediatric Neuroangiography
— Avery J. Evans, MD
Pediatric Exrtracranial Vascular Lesions: Treatment
Strategies
— Nancy K. Rollins, MD
Pediatric Intracranial Vascular Malformations:
Treatment Strategies
— Robert A. Willinsky, MD
Moderators:

Avery J. Evans, MD
TBD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss therapeutic implications of treatment of high vs
low flow vascular malformations.
2) Identify the risks of sclerotherapy.
PRESENTATION SUMMARY
Vascular malformations are categorized into high-flow and
low-flow-no-flow lesions. The most common high-flow vascular lesions in infants and children are hemangiomas.
Arterial embolization is reserved for lesions with severe cosmetic or functional disturbances which have not responded
to high-dose pulse steroids. The low-flow venous malformations remain stable or slowly grow, especially around puberty. Sclerotherapy is required when pain, functional impairment, bleeding, airway obstruction, abnormal dentition, or
cosmetic problems occur. Lymphatic malformations may be
present at birth or present after spontaneous intralesional
hemorrhage and rapid enlargement. Sclerotherapy is the
injection of aqueous or oleic solutions into abnormally dilated venous or lymphatic channels, damaging the endothelial
lining causing thrombosis, fibrosis, stenosis, and scarring.
Puncture of a veno-lymphatic malformation can be done
without imaging guidance when the lesion is palpable or visible. We use ultrasound in directing puncture of cervical
lymphatic malformations within the carotid sheaths. MR
guidance is helpful in percutaneous puncture of deep lesions
of the face and neck. Sclerosing agents usually are mixed
with nonionic contrast. Installation of sclerosing agent(s) is
performed under fluoroscopic guidance to limit complications resulting from extravasation of the sclerosing agent
into the regional soft tissue or draining veins; installation of
the sclerosing agent when mixed with Gd-DTPA also can be
monitored using real-time MR imaging. Sclerosants include
absolute alcohol, sodium tetradecyl, ethibloc, doxycycline,
and bleomycin. Absolute alcohol causes permanent damage
to the vessel wall and results in complete obliteration of the
vessel lumen which prevents recanalization. The maximum
dose is < 0.5-1.0 mL/kg per session. Reported complications
include necrosis of regional skin, muscle or cartilage, nerve
damage, deep venous thrombosis, pulmonary embolism,
transient hemoglobinuria, and pulmonary hypertension collapse and marked swelling. Strict avoidance of extravasation
of alcohol is mandatory to prevent necrosis of regional soft
tissues and the anatomy of the regional draining veins must
be known to avoid systemic administration of this toxic
agent. We routinely use the sclerosing agent doxycycline for
venous malformations and reserve ethanol for treatment of
lymphatic malformations that lack communication with the
venous system. Doxycycline is a tetracycline derivative
widely used as an intrapleural sclerosant; up to 1 g can be
given to adult-sized patients. The instillation is painful
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although there is considerably less postprocedural swelling
and pain. To date, adverse systemic complications have not
been reported. The use of bleomycin, should be avoided due
to pulmonary fibrosis.

Pediatric Intracranial
Treatment Strategies

Vascular

Malformations:

Robert Willinsky, MD

Wednesday Afternoon
1:00 PM – 2:30 PM
Room 2

Wednesday

(47) ELC Workshop C: Advanced
PowerPoint
— H. Christian Davidson, MD
— Adam E. Flanders, MD

Wednesday Afternoon
1:00 PM – 2:30 PM
Room 5AB
(48) Functional Mapping and the
Clinical Neurosciences (ASFNR)
Functional Mapping of the Visual System and
Clinical Applications
— Edgar DeYoe, PhD
Functional Imaging of Neurodegenerative Diseases
— Michael D. Phillips, MD
Organization and Reorganization of Audition,
Language and Memory
— Dean K. Shibata, MD
Discussion
Moderators:

Jeffrey R. Petrella, MD
TBD

Functional Mapping of the Visual System and Clinical
Applications
Edgar DeYoe, PhD
Dr. DeYoe is Professor of Radiology at the Medical College
of Wisconsin in Milwaukee with an adjunct appointment in
the Bioengineering Department at Marquette University. Dr.
DeYoe has dual PhD’s in neuroscience and experimental
psychology from the University of Rochester and an undergraduate degree in electrical engineering from Lehigh
University. His postdoctoral training was at the California
Institute of Technology. He has extensive experience in visual neurophysiology, neuroanatomy and functional neuroimaging and is funded by the National Institutes of Health.
He has served on grant review panels at NIH and on the
review board of a variety of scientific journals. He is director of an NIH funded grant for Training in Functional
Neuroimaging, a joint MCW/Marquette collaborative program. His research focuses on the neurophysiological basis
of normal sensory perception and brain-related sensory
pathology with over 40 scientific articles and book chapters
published on this topic. Current research is concentrated in
two areas: (1) Using fMRI to identify and map the functional organization of vision- and attention-related systems in
the human cerebral cortex, and (2) Creation and clinical validation of fMRI-based tools for the assessment of brainrelated sensory impairment occurring as the result of cerebral pathology or invasive clinical treatment.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1. Review the use of fMRI to identify and map visual cortex
function.
2. Illustrate clinical applications through specific case studies.
3. Describe limitations and interpretational issues.
PRESENTATION SUMMARY
Functional magnetic resonance imaging (fMRI) of visual
cortex provides a unique opportunity to illustrate advanced
medical imaging techniques for the diagnosis and management of focal brain pathology. Techniques for mapping the
cortical representation of the visual field in human patients
were first developed for basic science research{??} but have
now been used with clinical patients suffering from a variety
of brain pathologies. Rather than simply activating visually
responsive cortical regions, these techniques provide a
detailed mapping of the layout of visual space within the
brain. In cases of focal brain pathology, such retinotopic
maps show the relationship between the site of pathology
and the layout of visual space, especially the critical representations of foveal vs. peripheral vision. Since the exact
topography of these maps is unique to each individual, fMRI
makes it possible to map visual function near a site of pathology on a patient-by-patient basis. A novel display technique,
the functional field map, shows brain activation in the form
of a visual field chart, thus providing a simple yet powerful
aid for directly relating the pattern of fMRI activation to the
pattern of impaired vision. By identifying which portions of
the visual field are represented adjacent to a site of pathology, it is possible to predict where surgical or radiation treatment is most likely to affect vision. Since different life activities can depend more on foveal than peripheral vision (e.g.
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reading vs. driving), the potential side-effects of invasive
treatment on quality of life will also be unique to each individual (e.g. librarian vs. truck driver). To date, FMRI visual
field mapping has been used successfully with patients having a variety of pathologies including stroke, arteriovenous
malformations and tumors. Several patient case studies will
be presented to illustrate potential clinical applications and
important interpretational issues. Funded by NIH EB00843,
EY13801, RR00058.

Functional Imaging of Neurodegenerative Diseases
Michael D. Phillips, MD

Organization and Reorganization of Audition, Language
and Memory
Dean K. Shibata, MD

PRESENTATION SUMMARY
According to newborn screening programs, 2.5 out of every
1,000 Americans are born with some form of significant hearing loss. The current interest in placing cochlear implants at
earlier ages for improving spoken language acquisition has
increased the need to better understand the effect of early deafness on brain development and particularly alteration in cortical function which may be the primary determinant of implant
success. The study of congenitally deaf adults also presents a
model system for understanding the effects of early sensory
loss on cortical development and organization. In the context of
brain plasticity and critical periods what are the functional and
anatomical consequences of early deafness on the cortical representation of the primary sensory modalities? Moreover, early
deafness often is associated with substitution of spoken language with sign language. What is the impact of such a substitution on the cortical centers for language, cognition, and memory? Is the left dominance of speech and verbal working memory preserved? These questions now may be approached functionally with functional MR imaging (fMRI) and anatomically
with voxel-based morphometry (VBM). Recent data will be
presented using fMRI sensory, motor, language, and memory
paradigms on deaf and control adults demonstrating differences likely representing cortical reorganization in the temporal lobe but with underlying preservation of left perisylvian
language localization. Similarly VBM analysis of volumetric
MR imaging has shown alterations in the temporal lobe white
matter tracts in the deaf but with preservation of asymmetries.
Clinically, understanding cortical reorganization may be helpful for patients with early sensory loss or other insults in the
planning and interpretation of preoperative fMRI scans and
ultimately guiding surgical treatment.

3:00 PM – 4:30 PM
Ballroom 6ABCF
(49a) INTERVENTIONAL: Trials,
Devices and Equipment
(Scientific Papers 198 – 208)
See also Parallel Sessions
(49b) INTERVENTIONAL: Thrombolysis/Stroke
(49c) HEAD AND NECK: Pharynx, Larynx, Soft
Tissue Neck, Miscellaneous
(49d) ADULT BRAIN: Epilepsy,
Inflammatory/Infectious Diseases
Moderators: Patrick T. Noonan, Jr., MD
Vance E. Watson, MD

Paper 198 Starting at 3:00 PM, Ending at 3:08 PM
Planning and Follow Up of Carotid Artery Stenting
Using 40-Detector Row CT Angiography
Schmitz, B. L. · Huber, R. · Aschoff, A. J.
University Hospitals Ulm
Ulm, GERMANY
PURPOSE
Carotid artery stenting has become an alternative for carotid
endarterectomy (TEA). Stenting requires a reliable noninvasive examination for both procedure planning and follow up.
The purpose of the present study is to demonstrate the potential of CT angiography (CTA) to fulfil these tasks.
MATERIALS & METHODS
Twenty-nine patients with symptomatic carotid artery
stenoses treated by stenting underwent CTA within 1 week
before and after the procedure. On a Philips Brilliance 40detector row CT scanner a single arterial phase scan covering the aortic arch, carotid arteries and intracranial circulation with 0.6 mm slice thickness was acquired within 10 s.
CT angiography was used for stent sizing, planning of vascular access route, and projection angles for the intervention
as well as for assessment of collateral circulation and follow
up. Three patients were scanned additionally by MRA for
comparison.
RESULTS
All CTA measures turned out to be precise and were highly
appreciated by the interventionalists. Poststenting CTA were
free of artifacts with perfect delineation of the inner stent
lumen, even for a stent-in-stent, necessary in one patient.
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review cortical auditory, language, and memory foci
altered by early deafness.
2) Propose clinical utility of considering altered cortical
organization related to early sensory deficits.
3) Illustrate use of FMRI and VBM for investigation of cortical reorganization.
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Paper 199 Starting at 3:08 PM, Ending at 3:16 PM
Thirty-Day Morbidity and Mortality for Carotid
Intervention by Physicians Who Perform Both CEA and
CAS: The University at Buffalo Neurosurgery
Department Experience
Ecker, R. D. · Lau, T. · Levy, E. I. · Hanel, R. A. · Guterman,
L. R. · Hopkins, L. N.

Wednesday

University at Buffalo, State University of New York
Buffalo, NY

Small wall adherent thrombi have been detected within the
stent lumen in 10 patients. In another case, CTA depicted a
free-floating intraluminal thrombus not shown by MRA
before the intervention, and patient was referred for TEA.

MR angiography comparisons already were omitted after
three patients because of apparent CTA advantages.
CONCLUSION
High-resolution 40-detector row CTA as a single rapid, reliable and noninvasive examination accomplishes all tasks
needed for preinterventional diagnostics and postinterventional follow up in carotid artery stenting. Early postinterventional CTA detects residual plaque or thrombus formation within the stent lumen which may have impact on specifying anticoagulation strategies.
KEY WORDS: CT angiography, carotid artery stenting

PURPOSE
NASCET and ACAS established the standard for the composite 30-day morbidity and mortality rate for carotid
endarterectomy (CEA) at 6% or less for patients with symptomatic carotid stenosis and 3% or less for patients with
asymptomatic carotid stenosis. It is this standard to which
results of carotid angioplasty and stenting (CAS) are compared. However, to date, most CAS trials and registries have
included only patients considered high risk for endartectomy
and who would not have been included in NASCET or
ACAS. SAPPHIRE and CaRESS are the first studies providing significant evidence that even in this high-risk population
there is no significant difference in neurologic morbidity and
mortality between CAS and CEA in high-risk patients and a
lower risk of MI in patients undergoing CAS. However, the
morbidity and mortality in SAPPHIRE and CaRESS are both
higher than the standard set by NASCET and ACAS. In a
practice where both CAS and CEA are performed in the
hands of the same physicians, patient selection for both procedures should be idealized, therefore lowering the morbidity and mortality for carotid intervention. To determine the
major adverse event (MAE) rate (composite occurrence of
death, stroke, and MI) in a hybrid carotid intervention practice, we reviewed 30-day results for carotid intervention at
the University at Buffalo Neurosurgery Department where
treating surgeons perform both CEA and CAS.
MATERIALS & METHODS
After receiving IRB approval, we used DRGs to search our
practice database for patients undergoing a completed
carotid intervention procedure solely for the indication of
atherosclerotic disease (a diagnosis of carotid dissection,
acute stroke, or pseudoaneurysm was an exclusion from this
study). The search identified 129 patients who underwent
CAS between April 2002 and July 2004 and 100 patients
who underwent CEA between September 1998 and April
2005 and met these criteria. Among the CAS group, 78%
would not have met ACAS or NASCET inclusion criteria.
Patient demographics and clinical data for both groups then
were entered into an Excel spreadsheet for analysis.
RESULTS
In the CEA group, there were 95 (55 male, 40 female) patients
with 100 operations; 123 (39 female, 84 male) patients underwent 129 CAS procedures. Of the CEAs performed, 39/100
(39%) were for symptomatic disease, compared with 45%
(58/129) in the CAS group. Distal embolic protection devices
were used in 95% (123/129) of the CAS group. At 30 days,
1.6% of the CEA group were dead versus 1.0% of the CAS
group. Stroke occurred in 0.7% of the CAS group and 0% of
the CEA group. MI occurred in 0.7% of patients undergoing
CAS versus 3.0% undergoing CEA. Overall MAE rate was
2.3% in the CAS group and 3.0% in the CEA group.
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CONCLUSION
In a practice with surgeons performing CEA and CAS, an
MAE rate on a par with NASCET and ACAS rates can be
achieved, including high-risk patients in 78% of CAS cases.
KEY WORDS: Carotid intervention, carotid atherosclerotic
disease, 30-day morbidity and mortality
Paper 200 Starting at 3:16 PM, Ending at 3:24 PM
Micro- and Macro-Embolization to the Brain Induced by
Treatment of Carotid Artery Stenosis and Monitored by
Diffusion-Weighted
MR
Imaging;
Carotid
Endarterectomy versus Carotid Artery Stenting
Tennoe, B. · Bakke, S. J. · Krohg-Sorensen, K. · Nome, T. ·
Skjelland, M.
Rikshospitalet - Radiumhospitalet HF
Oslo, NORWAY

CONCLUSION
Compared to CEA, CAS with protection device gives a higher load of microembolization to the brain, but these are usually clinically silent. The number of patients in this material
is too small for comparing the two methods and estimate the
risk of brain infarction as a complication.
KEY WORDS: Carotid stenosis, treatment, diffusion-weighted
Paper 201 Starting at 3:24 PM, Ending at 3:32 PM
Long-Term In Vivo Validation of a New Stent System
Assisting-Coil Embolization of Broad-Based in ElastaseInduced Aneurysms
Becker, W. P. H.1 · Goericke, S. L.1 · Blechschmid, N.1 ·
Einsfelder, B.2 · Mueller, K. M.2 · Wanke, I.1 · Forsting, M.1 ·
Doerfler, A.3
1

MATERIALS & METHODS
From January 2004 to November 2005, 62 treatments of
carotid artery stenosis were performed (38 CEA, 24 CAS) in
58 patients, 18 females and 40 males. Age ranging from 42 82 years, mean age 64.7 years. Thirty-six stenoses were
symptomatic and 26 asymptomatic. In all patients except
one, cerebral MR (diffusion, T2 and FLAIR) was performed
in the 7 days before and 3 days after treatment. One patient
had an acute postoperative hemiparesis, and only CT was
performed after treatment. Seven patients also included in
another study (ICSS), were randomized to treatment (3 CEA
and 4 CAS). The remaining were not randomized because
one kind of treatment was preferred. A protection device was
used in all patients treated with stent. Early complications
were revealed, clinical control after 1-3 months was performed in 52 cases.
RESULTS
New ischemic lesions after treatment were found in three
patients (8%) after CEA and eight patients (33%) after CAS.
Total number of lesions was four (1 lesion < 5 mm, 3 lesions
> 10 mm) in the CEA-group and 13 (5 lesions < 5 mm, 7
lesions 5-10 mm, 1 lesion > 10 mm) in the stent group.
Among the 38 treated with CEA, there was one brain infarction with hemiparesis, one wound infection, one wound
hemorrhage and two with local nerve affection. Among the
24 treated with stent, there was one TIA (without correlate
on MR imaging), four groin hematomas (1 operated) and one
attack of chest pain. Clinical control after 1-3 months was
performed in 52 cases (31/38 CEA and 21/24 CAS). In the
CEA group one patient had sustained hemiparesis after
infarction, and two patients had local facial nerve damage
after surgery. In the CAS group there were no neurologic
sequela or other complications.

PURPOSE
Experimental in vivo validation of a new stent system
designed for treatment of broad-based aneurysms. After
deployment through a microcatheter it is fully retrievable
due to an electrolytically detachable junction zone at the
delivery wire and thus providing good control.
MATERIALS & METHODS
Twenty-two aneurysms with a mean dome/neck ratio 0.9 ±
0.3 were created in Chincilla bastard rabbits by endoluminal
incubation of porcine elastase. All aneurysms were treated
by coil embolization through the struts of the stent (3 - 4 mm
diameter, 10 mm length) bridging the neck of the aneurysm.
Evaluation focused on stent delivery, performance during
coil embolization, patency and cellular response. Follow-up
imaging was performed using DSA, contrast-enhanced
MRA (CEMRA), TOF MRA (TOF), and CT angiography
(CTA) at the end of evaluation period. Ten subjects were sacrifized after 4 weeks (n = 10), 10 after 3 months (n = 10) followed by histologic examination.
RESULTS
Exact stent placement followed by complete aneurysm
embolization was feasible in all animals. No displacement of
the stent was noted during the procedure and follow up. We
observed no procedural, especially no thromboembolic complications. Two rabbits died days after stenting due to pulmonary edema. Follow-up imaging at 4 weeks and 3 months
demonstrated all arteries patent and complete aneurysm
occlusion for the remaining 20 animals confirmed by histology. Mean luminal loss of diameter proximal of the
aneurysm neck was 0.15 ± 0.14 mm and 0.17 ± 0.13 mm distally. After 3 months it was 0.26 ± 0.25 mm and 0.28 ± 0.15
mm. Noninvasive imaging using DSA, MRA, and CTA was
feasible in this stent system.
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PURPOSE
To assess micro- and macro-embolization to the brain after
treatment of carotid artery stenosis, and compare clinical
outcome from carotid endarterectomy (CEA) and carotid
artery stenting (CAS).

Institut of Diagnostik and Interventional Radiology and
Neuroradiology, Essen, GERMANY, 2Institut of Pathology
University Bochum, Bochum, GERMANY, 3Institut of
Neuroradiology, Erlangen, GERMANY
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CONCLUSION
Our data indicate that this new stent system is a valuable
device for safe and controlled treatment of broad-based
aneurysms. Due to its retrievability the stent provides very
good control. The luminal loss of diameter within the stent is
moderate in long-term follow up.
KEY WORDS: Stent, aneurysm, broad-based
Paper 202 Starting at 3:32 PM, Ending at 3:40 PM
Influence of the NeuroformM Stent on Aneurysm
Retreatment Rates
Ahmed, A. · Turk, A. S. · David, N. · Aagaard-Kienitz, B. ·
Pulfer, K.

Wednesday

University of Wisconsin
Madison, WI
PURPOSE
The development of the Neuroform stent has changed the
practice of neuroendovascular procedures. Many aneurysms
that were previously untreatable due to wide neck or no neck
are now amenable to endovascular reconstruction from stent
placement. More durable results are postulated due to
increased structural support at the neck, but limited data are
available in the literature.
MATERIALS & METHODS
We retrospectively reviewed our last 70 aneurysm cases utilizing Neuroform stent placement and found 38 having at
least 6-month imaging and clinical follow up. Thirteen cases
were treated bioactive coils (Matrix, Hydrogel, or Cerecyte)
and 25 were treated with standard platinum coils (GDC,
MTI, or Micrus). Standard follow-up imaging was performed with MRI/MRA and aneurysms were categorized
accordingly: progressive occlusion, stable, recanalization
and retreatment. Further documentation was made as to
aneurysm location, size, and if the aneurysm had been treated previously.
RESULTS
There was no worsening in clinical grade or subsequent outcome in any of the patients. Ten of 13 (77%) of the
aneurysms treated with bioactive coils and 23 of 25
aneurysms treated with standard platinum coils (92%) were
stable or had progressive occlusion. Retreatment was
required in 5 of 38 (13.1%) cases treated with Neuroform,
three cases utilizing bioactive coils and two bare metal coils.
The majority of aneurysms were located in high flow locations such as paraophthalmic and basilar. Aneurysm sizes
ranged from 3 mm to 25 mm and all aneurysms had widenecks. Ten of the 37 aneurysms had been treated previously
with coils and were being retreated due to significant recurrence. Of the aneurysms requiring retreatment, two were
basilar, one superior cerebellar, and two were paraophthalmic in location and all aneurysms measured >10 mm and
had been treated previously. These five retreatment cases
were expected despite the Neuroform stent, due to difficult
aneurysm morphology and incomplete treatment. These
cases were early in our experience with Neuroform or performed as partial treatment until further healing of the stent
occurred to facilitate another stent (double stent or y stent) or
allow balloon remodeling. Three of the aneurysms requiring
retreatment were treated originally with bioactive coils and 2

were treated originally with bare platinum coils. In all cases
where adequate aneurysm treatment was felt to be achieved,
as documented by absence of flow, there were no cases
requiring retreatment.
CONCLUSION
Published retreatment rates from aneurysm coiling alone
range from 10 to 25% and vary based on location and neck
size. The Neuroform stent is utilized in our practice for
aneurysm locations associated with a high recurrence rate
and wide neck, many of which previously were felt to be not
possible for coiling. Despite these adverse characteristics,
our overall retreatment rate was 13.1%. In high-flow locations with suboptimal treatment, the Neuroform stent may
not be able to overcome the effects of flow-related recurrence. However, in this series where adequate aneurysm
treatment was achieved, the retreatment rate was zero.
Further and more extensive data analysis in this area is needed and we will update our information as data become available.
KEY WORDS: Aneurysm, stent, retreat
Paper 203 Starting at 3:40 PM, Ending at 3:48 PM
NeuroformTM Stent Placement in the Treatment of Small
Cerebral Vessels
Turk, A. S. · Ahmed, A. · Niemann, D. · Aagaard-Kienitz, B.
· Pulfer, K.
University of Wisconsin
Madison, WI
PURPOSE
Previously, endovascular treatment of wide-necked
aneurysms and stenosis involving small vessels measuring
less than 2 mm in diameter was limited. There are no reports
in the literature addressing stent placement in small distal
cerebral vessels. Recent experience with the Neuroform
stent has shown that this device can safely and effectively be
utilized to treat aneurysms or stenosis in vessels of this caliber.
MATERIAL & METHODS
We report 11 cases of Neuroform stent placement into cerebral vessels measuring less than 2 mm in diameter (range,
0.9 mm - 1.8 mm). Three stents were placed for treatment of
intracranial stenosis related to atherosclerosis and eight were
placed for aneurysm treatment in conjunction with coiling.
Lesion locations and number were as follows: ACOM
region(5), Pericallosal A2-A3 (1), MCA M1-M2 (2), MCA
M3-4 (1), and PCA (1). Clinical follow up ranges from 2
weeks to 15 months. Imaging follow up was performed with
MR imaging/MRA or CTA.
RESULTS
All procedures were performed successfully without immediate or delayed complication. A small amount of intraprocedural thrombus developed during two cases and immediately resolved with 10 mg of intraarterial Reopro. Follow up
out to 15 months demonstrate durable results with patent
stented portion of the vessels. In the patients with clinical
follow up and awaiting radiographic follow up, there are no
reports of any symptoms.
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CONCLUSION
Development of newer low profile endovascular devices
allows access and ability to treat lesions farther out in the
smaller cerebral vessels. We have treated safely and successfully 11 vessels smaller than 2 mm in diameter with
Neuroform stents with good short and intermediate term
results. Further follow up and more experience is necessary
to further determine long-term results and we will update our
information as data become available.
KEY WORDS: Stent, aneurysm, stenosis
Paper 204 Starting at 3:48 PM, Ending at 3:56 PM
Preclinical In Vitro Evaluation of New Clot-Retrieving
Wire for Cerebral Embolism
Asakura, F.1 · San Millan, D.1 · Abdo, G.1 · Yilmaz, H.1 ·
Lovblad, K. O.1 · Ruefenacht, D. A.1 · Goto, K.2
1

University Hospital of Geneva, Geneva, SWITZERLAND,
Ohta Memorial Hospital, Hiroshima, JAPAN

2

MATERIALS & METHODS
The newly developed clot-retrieving wire consists of three
nitinol loops at the tip of a 0.014 inch micro guidewire.
These 3 loops are mounted like a "Tulip" and can be collapsed to fit into a 0.018 inch wire compatible microcatheter.
The loop length is 8 mm and the width is 3.5 mm. For simulation of typical and frequently encountered clinical conditions, in vitro vascular models exhibiting human-like anatomy of the carotid (8 models) and vertebro-basilar (3 models)
circulation were constructed. Polyvinyl-alcohol hydrogel,
low friction, transparent vascular models (PVA) (Elastrat,
Geneva) were used and integrated into a mock circulation
providing physiologic flow conditions. Embolic debris was
simulated by introducing fibrin clots obtained from pig
blood plasma hardened with lactate acid. The clot location
was recorded and clot-retrieving wire was attempted through
a braided and nonbraided microcatheters. The micro
guidewire-microcatheter system was advanced with a tip
position reaching distal to the clot. The regular wire then was
exchanged for the retrieving wire system to reach the tip area
of the microcatheter. The microcatheter then was slightly
and gently pulled back, to allow for opening of the loops.
Clot catching was attempted by progressively withdrawing
the system. Once caught, the clot was retrieved to the guiding catheter tip. We investigated the following points: 1.
Ease of device deployment. 2. Clot capture capability. 3.
Clot removal against blood flow. 4. Removal of the clot outside introducer system. A total of 104 procedures in 11 PVA
models were performed and evaluated.

CONCLUSION
Recanalization rate within a 30-minute time limit using the
new clot-retrieving system of TERUMO was over 50% in a
preclinical evaluation using an in vitro human-like simulation of embolic event to main cerebral arteries. Clinical trial
in Europe is ongoing.
KEY WORDS: Mechanical thrombectomy, cerebral artery,
embolism
Paper 205 Starting at 3:56 PM, Ending at 4:04 PM
Influence of a Remodeling Vascular Device on MR
Volume Flow Measurements in a Steady Flow Phantom
Lopes, D. K. · Musacchio, M. J. · Sani, S. B.
Rush University Medical Center
Chicago, IL
PURPOSE
Remodeling vascular devices (RVD) have been utilized
increasingly in endovascular therapy for neurovascular disorders, such as aneurysms and vascular malformations. It is
important to determine the compatibility of these devices
with neuroimaging measurement accuracy. In this study we
determine the effect of RVD on MR flow volume measurements in a steady flow phantom using commercially available software called NOVA (Noninvasive Optimal Vessel
Analysis).
MATERIALS & METHODS
A calibration unit was developed to provide a steady flow
rate through an MR imaging-compatible horseshoe phantom.
The phantom consists of a 6 mm inner diameter segment of
rigid tubing with a horseshoe bend contained within a fluidfilled cylinder. A Neuroform™ stent was used as the RVD
and was positioned within a straight segment of the tubing
inside the horseshoe phantom. A smaller diameter tube was
placed distal to the RVD to prevent migration downstream.
According to the NOVA protocol, an axial 3D TOF MR
angiography was performed and the images were transferred
to a NOVA workstation. A rotating 3D surface-rendering
image was created and multiple cuts through the RVD segment were generated. Peripheral gating on a volunteer was
used to trigger gated 2D phase-contrast scans with these
cuts. The above procedure was repeated after manually
injecting 20 cc of gadolinium contrast medium. A flow
report, including the mean volume flow rates of the cuts,
with and without contrast, was generated using the NOVA
software.
RESULTS
The RVD was identified on the 3D image and five cuts were
generated through the RVD segment. A flow measurement
was made at each cut position with and without contrast. The
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PURPOSE
Cardiac or proximal embolism from atheromatose disease is
one of the major causes of cerebral infarction. Many trials
with thrombolytic agents have been done for treatment of
cerebral stroke. One of the major complications of thrombolytic agents is cerebral hemorrhage. Recently, mechanical
embolectomy has been proposed as a rapidly effective
method to recanalize cerebral vessel and reduce cerebral
hemorrhage secondary to thrombolysis. The purpose of this
paper was to perform a preclinical evaluation for a mechanical clot-retrieving wire newly developed by TERUMO to
obtain recanalization within a time limit of 30 min.

RESULTS
We succeeded in a total retrieval of the clot from the introducer in 33 procedures (33/104 = 31.7%). Partial and total
recanalization rate together was 51.0% (53/104) within 30
minutes. No or insufficiently quick capture of the clot was
observed in 51 times (51/104 = 49.0%). A clot-retrieving
wire was not broken in performing the procedures several
times.

Wednesday.qxp

3/9/2006

11:54 AM

Page 148

148
actual flow rate in the phantom as measured by timed collection into a graduated cylinder was 134 mL/min. The five
flow rates as measured by the NOVA system prior to contrast
injection were 134, 136, 144, 135, and 137 mL/min. The five
measurements repeated at these cut locations with contrast
were 140,141,142,138,136 mL/min.
CONCLUSION
The accuracy of NOVA flow measurements is not affected
by the presence of the RVD or gadolinium contrast.
Assessment of volumetric flow rates through the RVD is feasible with phase-contrast MR imaging.
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KEY WORDS: Remodeling vascular device, NOVA, interventional neuroradiology

RESULTS
Thirty carotid stents and four vertebral stents were identified
on CTA within 6 months of DSA. Degree of in-stent stenosis, if any, was measured on curved planar reformatted
images and compared to DSA. There were no statistically
significant differences between CTA and DSA in identifying
patent stented lumen, in-stent stenosis, or inadequate stent
deployment. CT angiography was superior to DSA in evaluating other vascular segments with precise evaluation of soft
and hard plaque burden.
CONCLUSION
CT angiography with curved planar reformation is a useful
modality for follow up of patients with carotid or vertebral
stents.

Paper 206 Starting at 4:04 PM, Ending at 4:12 PM
Role of Multidetector Helical CT Angiography in
Evaluation of Carotid and Vertebral Stents: A
Retrospective Study with Comparison to Digital
Subtraction Angiography

KEY WORDS: CT angiography, stent

Abdelhalim, A. N. · Alberico, R. · Thompson, J.

Arakawa, H. · Marks, M. P. · Do, H. M. · Strobel, N. · Fahrig,
R.

Roswell Park Cancer Institute
Buffalo, NY
PURPOSE
To compare CT angiography (CTA) with digital subtraction
angiography (DSA) in evaluating patients with carotid and
vertebral arteries stents.
MATERIALS & METHODS
We retrospectively reviewed the CTA and DSA of thirty-two
patients who had stents placed in either the internal carotid
or vertebral arteries. CT angiographies were performed on a
four detector helical CT scanner with 1.25 mm collimation
and a 0. reconstruction interval. Axial data were used to create curved planar reformatted images (Fig 1). These images
were compared to DSA by two neuroradiologists.

Paper 207 Starting at 4:12 PM, Ending at 4:20 PM
Experimental Study of Intracranial Hematoma Detection
with Flat Panel Detector C-Arm CT

Stanford University Medical Center
Stanford, CA
PURPOSE
A new C-arm system (Siemens AXIOM Artis dTA DynaCT,
30 x 40 cm FD) with enhanced 3D functionality extends the
capabilities of 3D C-arm imaging to soft-tissue applications
by facilitating the detection of low-contrast objects. We
report on its ability to detect intracranial hematoma in a
swine model.
MATERIALS & METHODS
Nine intracranial hematomas were created in six swine by
autologous blood injection of various hematocrits (19-37%)
and volumes (1.5-10.0 ml) with or without contrast medium.
Each subject then was scanned using the C-arm CT system,
acquiring up to 500 images during a 20-second rotation
through up to 200 degree. Reconstruction was carried out
using standard ring artifact and scatter corrections, providing
multiplanar reformatted images with isotropic resolution.
Brains were harvested and sliced for hematoma measurement.
RESULTS
The C-arm CT was able to detect hematomas as small as 5.0
ml created with clot-possessing hematocrit greater than 37%
in the absence of contrast medium. When the subjects
received contrast the C-arm was able to detect hematoma as
small as 1.5 ml. The areas of hematoma measured on the Carm CT were 0.23-0.78 cm2 (mean 0.392) which correlated
well with the measurements from pathologic specimens
0.17- 0.79 cm2 (mean 0.399).
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MATERIALS & METHODS
There were two goals of this multimodality suite: 1) when
needed, the CT and angiographic components must function
in concert with each other as an integrated multimodality
imaging and interventional system; 2) when not utilized as
an integrated system each component must function as a separate and independent entity for use in routine studies and
procedures. Using these criteria, a neurointerventional suite
containing angiographic and CT components was built. A
Siemens angiographic unit and a 16 slice CT scanner were
the primary components. The units were placed in adjacent
rooms with a common movable lead wall. When separated,
the angiographic and CT units functioned separately and
independently of each other. When desired, the wall was
opened and the CT gantry moved on floor tracks into the
angio suite engaging the angio table. The track system
allowed the gantry to move over the patient on the angio
table for CT imaging. With imaging units coupled in this
fashion diagnostic and neurointerventional procedures can
be performed and guided using both modalities.

KEY WORDS: C-arm CT, animal study, intracranial
hematoma
Paper 208 Starting at 4:20 PM, Ending at 4:28 PM
Multimodality Neurointerventional Suite
Manzione, J. V.
State University of New York at Stony Brook
Stony Brook, NY
PURPOSE
The purpose of this project was to develop a prototype neurointerventional suite consisting of angiographic (angio) and
CT components.

CONCLUSION
This suite can enhance current neurointerventional practice
by offering more diverse diagnostic and therapeutic imageguided options leading to enhanced patient safety, procedure
efficiency, and the development of new innovative imageguided neurointerventions. Since the components can be
separated and used for routine studies such a suite is financially feasible.
KEY WORDS: Neurointerventional, new technology
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CONCLUSION
The image quality obtained with C-arm CT was sufficient to
detect small intracranial hematomas both with and without
the presence of contrast. This capability may provide significant impact on patient management and outcome through
early detection of small hemorrhagic events that may occur
during neurointerventional procedures.

RESULTS
This combined technology allows: 1) intraarterial CTA as
well as conventional angiography for diagnostic and interventional vascular procedures (i.e., a four vessel 3D CTA
rendering of the entire cerebrovascular circulation can be
obtained from an single arch injection limiting the need for
and risks of multiple selective catheterizations and contrast
injections); 2) multimodality image guidance and assessment of vascular and nonvascular neurointerventional procedures; 3) capability of performing CT perfusion during diagnostic and interventional procedures (i.e., performing CT
perfusion studies as part of test occlusion studies). 4) streamline stroke assessment and management. In this suite a stroke
victim can undergo CT evaluation for hemorrhage, CTA, CT
perfusion, endovascular intervention and repeat CT perfusion studies during an intervention. The later capability permits a physiologic assessment of the intervention with regard
to cerebral perfusion rather than relying on a purely anatomical evaluation of vessel patency; 4) ability to correlate
angiographic vascular anatomy with 2D or 3D CT tissue
anatomy.
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Wednesday Afternoon
3:00 PM – 4:30 PM
Ballroom 6DE
(49b) INTERVENTIONAL:
Thrombolysis/Stroke
(Scientific Papers 209 – 219)

RESULTS
A total of 113 patients received IT, mean age 60 years (range
26-88 years) 43 females, median time to IT 305 minutes,
median time to recanalization 383 minutes (range 148-1358
minutes). Baseline median NIHSS score was 18 and 19
points in patients with final TIMI 2b-3 and TIMI 0-2a,
respectively. Final TIMI Grade 3 was achieved in eight
patients with only one (12%) having poor outcome. TIMI
Grade 2 b+c were achieved in 52 patients with 19 (37%)
poor outcomes. Grade 2a was achieved in 26 patients with
16 (62%) poor outcomes x² = 4.4, p = 0.037. TIMI remained
at Grade 0-1 in 27 patients with 18 (66%) having poor outcome x² = 8.1, p = 0.018. (See graph).
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See also Parallel Sessions
(49a) INTERVENTIONAL: Trials, Devices and
Equipment
(49c) HEAD AND NECK: Pharynx, Larynx, Soft
Tissue Neck, Miscellaneous
(49d) ADULT BRAIN: Epilepsy,
Inflammatory/Infectious Diseases
Moderators: Clark W. Sitton, MD
Walter S. Lesley, MD

Paper 209 Starting at 3:00 PM, Ending at 3:08 PM
TIMI Flow Grade 2b or Higher Predicts Better Outcome
after Intraarterial Thrombolysis
Shaltoni, H. M. · Supsupin, E. P. · Weir, R. U. · Choi, J. Y. ·
Grotta, J. C. · Cacayorin, E. D.
The University of Texas Health Science Center at Houston
Houston, TX
PURPOSE
Intraarterial thrombolysis (IT) may improve recanalization
and clinical recovery in patients who are not candidates for
systemic thrombolytics or fail to respond to intravenous
recombinant tissue plasminogen activator (IV rt-PA).
However, the degree of recanalization required to achieve
good outcome remains uncertain.
MATERIALS & METHODS
We reviewed our stroke database of consecutive acute
ischemic stroke patients treated with IT with or without IV
rt-PA over 6 years. Trained interventional neuroradiologists
blinded to outcomes reviewed angiograms assessing rate of
recanalization using modified TIMI criteria. Grade 0 = no
perfusion beyond the occlusion, grade 1 = penetration but
not perfusion, grades 2 = partial perfusion with incomplete
distal branch filling of < 50% (2a) or > 50-99% (2b) of the
expected territory respectively, grade 2c = near complete
perfusion without visible thrombus but with delay in contrast
run off and grade 3 = full perfusion. Outcome at discharge
was determined by disposition to home/rehabilitation being
good and nursing facility/death being poor.

CONCLUSION
Despite similar stroke severity before IT, patients with final
TIMI grades of at least 2b or higher fare better. Since poor
outcomes are common with final TIMI grades 0-2a, goals of
better revascularization and other therapeutics such as neuroprotective strategies could be considered.
KEY WORDS: TIMI score, thrombolysis
Paper 210 Starting at 3:08 PM, Ending at 3:16 PM
Neurointerventional Management of Venous Strokes
Limaye, U. S.
King Edward Memorial Hospital
Mumbai, INDIA
PURPOSE
To present the management protocol for treatment of acute
venous strokes. Venous infarcts commonly are encountered
due to acute/subacute dural or cortical venous sinus thrombosis. Worldwide incidence is reported to be low; however,
20% of young strokes in India are due to cerebral venous
sinus thrombosis. Presentation varies from acute, subacute to
chronic but some may have a fulminant progressive downhill
course. These cases account for majority of deaths in venous
strokes. Rapidly progressive disease with extensive thrombus load leads to venous congestion, cytotoxic and vasogenic brain edema, and hydrocephalus all leading to raised
intracranial pressure and diffuse venous ischemic brain
injury.
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MATERIALS & METHODS
We divided patients into mild and severe clinical grades.
Patients in severe clinical grade were taken for thrombolysis
immediately. KEM INR criteria for local thrombolysis for
cerebral venous sinus thrombosis are based on clinical, CT,
and DSA grades.

Paper 211 Starting at 3:16 PM, Ending at 3:24 PM
Treatment of Central Retinal Artery Occlusion with
Local Fibrinolysis: A Call for a National Registry

RESULTS
Our study is divided into three phases. It includes subgroup
of patients with acute cerebral venous sinus thrombosis
(CVST) referred to interventional neuroradiology department of our institute. All patients had angiographically
proven cerebral venous sinus thrombosis (CVST). In Phase
I, 27 patients were treated with systemic heparin and supportive medical therapy. Phase II included 72 patients and 28
were taken for local thrombolysis. Retrospective analysis of
data of Phases I and II showed good results with local thrombolysis. A prospective nonrandomized trial was carried out
in 180 patients according to a defined protocol. In Phase III,
68 patients were taken for local thrombolysis with urokinase
according to inclusion criteria. Sixty-seven were thrombolyzed and one could not be thrombolyzed due to technical
failure.Twenty-seven patients were in mild clinical grade
(clinical status 1-3) and 40 in severe clinical grade (clinical
status 4-6). All patients were treated till the objectives were
achieved or complication occurred. One hundred and thirteen patients were treated with systemic heparin. Adjunctive
medical therapy was given in all patients for raised intracranial pressure and seizures. Patients were treated with
Heparin after thrombolysis followed by oral anticoagulant
for 6 months. In Phase III, thrombolyzed group in severe
clinical grade; there was good outcome with complete clinical recovery in 65% of cases and the mortality was 35%. In
the nonthrombolyzed group mortality was 100%. This was
seen also in Phases I and II also where mortality in severe
clinical grade on Heparin therapy was 100% and 75%
respectively. In mild clinical group (Phase III) there was
100% recovery in thrombolyzed group and 94.4% in nonthrombolyzed group. Two patients had intracranial hemorrhage on Urokinase therapy. Statistically it was seen that the
outcome in the thrombolyzed group in severe clinical grade
in Phase III was found to be significant according to the “Z”
test.

The University of Texas Health Science Center at Houston
Houston, TX

KEY WORDS: Venous stroke, thrombolysis, protocol

PURPOSE
Acute central retinal artery occlusion (CRAO) or a branch
occlusion occurs as a sudden interruption of the blood supply to the retina and results in an almost complete loss of
vision in the affected eye. The incidence in the United States
is 0.85 per 100,000 per year with a 10-year cumulative incidence of 1.5%. Less than 20% of patients recover useful
vision, and there is no proven effective treatment, though
heparin usually is given. Several favorable reports of local
intraarterial fibrinolysis (LIF) with selective administration
of a thrombolytic agent directly into the ophthalmic artery
recently have been reported. We developed a 1-year prospective treatment protocol at our single hospital to test the feasibility, safety, and preliminary efficacy of LIF using infusion of Alteplase and heparin.
MATERIALS & METHODS
Inclusion criteria included confirmed diagnosis by ophthalmologist and onset of symptoms within 48 hours. Heparin
5000 IU bolus was followed by 48-hour infusion to keep
PTT 50-60 seconds. The femoral introduction set was
flushed with heparin (1 unit/cc normal saline, approximately
30 cc/hour). Activated clotting time was checked hourly. A
variable stiffness microcatheter was navigated into the proximal part of the ophthalmic artery. Alteplase (rTPA) 50 mg
diluted in 50 cc normal saline was infused at a rate of 10-20
cc/hour or in small aliquots with maximum total dose 45 mg
for a maximum of 4 hours. During treatment, neurologic,
ophthalmologic, and angiographic examinations were performed every 20 minutes. Treatment was halted once visual
acuity improved by at least two lines on the Snellen chart or
maximum rTPA was used. Head CT was obtained 24 hours
posttreatment. Ophthalmoscopic and acuity testing were
obtained 24 hours and 30 days posttreatment.
RESULTS
Between March 2004 and October 2005, four patients were
treated: 2 females, 2 males; age range 44-61 years; time of
onset to treatment was 10, 13, 21, and 6 hours; duration of
procedure ranged 1-4 hours; Alteplase doses were 10, 26, 40
and 36.5 mg; initial visual acuity was 20/200, no light perception, 20/400 and hand movement which improved to
20/30, 20/400, 20/50, and 20/200, respectively at 30 days.
Radiographically, there were signs of improved chorioretinal
perfusion in all patients. No worsening of symptoms, ocular
hemorrhage, or cerebral hemorrhage occurred. No angiographic complications were encountered.
CONCLUSION
Treatment of CRAO with LIF is promising and should be
tested in a larger number of patients. A centralized registry or
large network of referral centers will be needed to obtain sufficient numbers of patients.
KEY WORDS: Central retinal artery occlusion, thrombolysis
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CONCLUSION
Thrombolytic therapy should be the first line therapy in
severe grade patients as it is seen that prolonged venous
ischemia and raised intracranial pressure leads to irreversible
brain damage and an early intervention can be life saving.
The KEM protocol has yielded better outcomes in patients
with acute venous strokes.

Shaltoni, H. M. · Supsupin, E. P. · Weir, R. U. · Khaja, A. M.
· Kellaway, J. · Choi, J. Y. · Grotta, J. C. · Cacayorin, E. D.
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Paper 212 Starting at 3:24 PM, Ending at 3:32 PM
Treatment of Central Retinal Artery Occlusion
Alteplase: A Prospective Study

Paper 213 Starting at 3:32 PM, Ending at 3:40 PM
Influence of Extent of Recanalization on Clinical
Outcome and Infarct Volume Following Intraarterial
Thrombolysis

Shaltoni, H. · Weir, R. · Cacayorin, E. · Supsupin, E. · Grotta,
J. · Kellaway, J.

Christoforidis, G. A. · Mohammad, Y. · Yang, M. · Slivka, A.

The University of Texas Health Science Center at Houston
Houston, TX

The Ohio State University
Columbus, OH

PURPOSE
Acute occlusion of the central retinal artery or its branches
(CRAO) occurs as a sudden interruption of the blood supply
to the retina and results in an almost complete loss of vision
in the affected eye. The incidence in the United States is 0.85
per 100,000 per year with a 10-year cumulative incidence of
1.5%. Less than 20% of patients recover useful vision, and
there is no proven effective treatment, though heparin usually is given. Several favorable reports of local intraarterial
fibrinolysis (LIF) with selective administration of a thrombolytic agent directly into the ophthalmic artery recently
have been reported. We developed a 1-year prospective treatment protocol at our single hospital to test the feasibility,
safety, and preliminary efficacy of LIF using infusion of
Alteplase and heparin.

PURPOSE
This investigation sought to determine how the extent of
recanalization following intraarterial thrombolysis influences infarct volume and clinical outcomes at the time of
hospital discharge.

MATERIALS & METHODS
Inclusion criteria included confirmed diagnosis by ophthalmologist and onset of symptoms within 48 hours. Heparin
5000 IU bolus was followed by 48-hour infusion to keep
PTT 50-60 seconds. Clotting time was checked hourly. A
microcatheter was navigated into the proximal part of the
ophthalmic artery. Alteplase 50 mg diluted in 50 cc normal
saline (1mg/1cc) was infused at a rate of 10-20 cc/hour or in
small aliquots with maximum dose of 45 mg or maximum
infusion time of 4 hours. During treatment, neurologic, ophthalmologic, and angiographic examinations were performed
every 10 minutes. Treatment was halted once visual acuity
improved by two lines on the Snellen chart. Head CT was
obtained 24 hours posttreatment. Ophthalmoscopic and acuity testing were obtained 24 hours and 30 days posttreatment.
RESULTS
Between March 2004 and October 2005, four patients were
treated: 2 females and two males with age range 44-61 years.
Time of onset to treatment was from 6 to 12 hours. (Average
12.5 hours); duration of procedure ranged 1-4 hours (average
2.5hours). The Alteplase dose was 10-40 mg with an average
dose of 28.1 mg. Initial visual acuity was 20/200, no light
perception, 20/400 and hand movement which improved to
20/30, 20/400, 20/50, and 20/200, respectively at 30 days.
No worsening of symptoms or hemorrhage occurred.
CONCLUSION
Treatment of CRAO with LIF is promising and should be
tested in a larger number of patients. A centralized registry or
large network of referral centers will be needed to obtain sufficient numbers of patients.
KEY WORDS: Central retinal artery, fibrinolytics, vision

MATERIALS & METHODS
This study retrospectively reviewed clinical records and CT
scans from 97 consecutive patients following intraarterial
thrombolysis. Infarct volumes were determined on the basis
of 24-48-hour CT scans by multiplying cross-sectional areas
by slice thickness and adding them up. A four-tier modified
thrombolysis in myocardial infarction flow grade (mTIMI)
was adapted to grade recanalization following cerebral
thrombolysis. Multivariate regression analysis was performed to determine whether extent of recanalization influenced the change in NIHSS score from the time of presentation to the time of hospital discharge and infarct volume
while taking into account presenting glucose, pial collateral
formation, presenting NIHSS score, time to treatment, age,
sex, occlusion site, and mTIMI.
RESULTS
Mean changes in NIHSS score were 0.83, 2.89, 0.0, and 6.83, respectively for mTIMI grades 0 (no recanalization), 1
(minor recanalization), 2 (moderate recanalization), and 3
(complete recanalization) (p = 0.0123, Oneway Anova).
Mean Infarct volumes were 126.3 mm3,91.4 mm3, 130.671
mm3, and 58.0 mm3, respectively for mTIMI grades 0-3. Only
complete recanalization had a statistically significant difference from the rest of the infarct volumes (p = 0.0133,
Oneway Anova). Multvariate regression analyses confirmed
that only complete recanalization made a statistically significant impact on outcome on the basis of NIHSS change and
infarct volume.
CONCLUSION
Only complete recanalization has a significant impact on
clinical outcome and infarct volume in acute ischemic stroke
following intraarterial thrombolysis.
KEY WORDS: Ischemic stroke, thrombolysis
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Paper 214 Starting at 3:40 PM, Ending at 3:48 PM
Anterior Cerebral Artery Emboli in Combined IV/IA
Treatment

Paper 215 Starting at 3:48 PM, Ending at 3:56 PM
Clinical Outcome Prediction by TICI versus TIMI
Khatri, R.

King, S. · Khatri, P. · Carrozella, J. · Spilker, J. · Broderick,
J. · Tomsick, T.
University of Cincinnati Medical Center
Cincinnati, OH
PURPOSE
Anterior cerebral artery (ACA) emboli may occur during fibrinolytic revascularization of middle cerebral artery (MCA)
and carotid T occlusions. Anterior cerebral artery emboli
may not only cause infarct, but also may decrease collateral
flow to an occluded middle cerebral artery. We sought to
determine the incidence and effect of baseline and new (i.e.,
during local intraarterial fibrinolysis) embolic ACA occlusions in the Interventional Management of Stroke (IMS) I
and II studies of the combined use of intravenous
(iv)/intraarterial (ia) rt-PA approach.

RESULTS
During M1/M2 thrombolysis procedures, new ACA embolus
occurred in 1/60 (1.7%) subjects. Of 25 T occlusions, 20 had
imaging of the opposite carotid artery allowing evaluation of
distal (A2 or beyond) ACA cortical branches on the side of
ICA occlusion. Distal emboli were identified in 3/20 (15%)
T occlusions prior to IA treatment. New posttreatment distal
ACA emboli were identified in three subjects. At 24 hours, 8
(32%) T occlusions demonstrated CT-ACA infarct, typically
of small volume. CT-demonstrated infarcts were less common following EKOS Microlysus-assisted thrombolysis (n =
9) compared to standard microcatheter thrombolysis (p =
0.05). Rankin 0-2 outcomes were achieved in 4/25 (16%) Tocclusion subjects, but none in eight subjects with distal
ACA emboli or ACA CT infarcts.

PURPOSE
TIMI 2 perfusion score may be subdivided by TICI perfusion score into 2a and 2b categories. This study was aimed
to provide an optimal target goal in terms of perfusion categories by comparing TICI 2A and 2B vs TIMI 2 grading with
long-term clinical outcome using modified Rankin Score
(mRS) 0-2. This also would determine if the subdivision of
TIMI 2 is clinically relevant to predict outcomes.
MATERIALS & METHODS
We reviewed angiograms from the Interventional
Management Study (IMS I and II trial), iv & ia rtPA in IMS
I (n = ), iv & ia rtPA +/- EKOS ultrasound catheter in IMS II
(n = ). Thrombolysis in cerebral infarction (TICI) scores was
defined as follows: Grade 0: No perfusion, Grade 1:
Penetration with minimal perfusion; Grade 2: Partial perfusion - 2a: less than 2/3 of the entire vascular territory is visualized, 2b: complete filling but slower than normal; Grade 3:
Complete perfusion. TIMI scores were defined as: 0 = no
perfusion, 1 = perfusion past the initial occlusion, but no distal branch filling, 2 = incomplete or partial recanalization of
the primary occlusion with distal flow, 3 = full perfusion
with filling of all distal branches.
RESULTS
We defined good long-term outcome as mRS 0-2 at 3
months. TIMI 2-3, TICI 2a and 2b scores were compared to
mRS 0-2.
CONCLUSION
Even though there is no simple correlation between reperfusion after thrombolysis and good clinical long-term outcome
due to the presence of other variables, TICI 2B serves as a
better target than TIMI 2 in predicting long-term outcome.
This data also should encourage future stroke trials using
device/drug to use TICI score rather than TIMI for determining long-term efficacy.

CONCLUSION
With iv/ia rtPA treatment for MCA emboli, new ACA emboli
are uncommon events. Distal ACA emboli during T-occlusion thrombolysis are not uncommon, but typically lead to
limited ACA-distribution infarcts. Distal ACA emboli may
be less frequent with ultrasound-assisted thrombolysis. ICAT with distal ACA emboli may limit neurologic recovery.

KEY WORDS: Interventional stroke trial, IMS, TIMI

KEY WORDS: Thrombolysis, anterior cerebral artery, T
occlusion

University of the Saarland
Homburg, GERMANY

Paper 216 Starting at 3:56 PM, Ending at 4:04 PM
Cognitive Changes after Carotid Artery Stenting
Grunwald, I. · Supprian, T. · Politi, M. · Alhelm, F. · Struffert,
T. · Backens, M. · Reith, W. J.

PURPOSE
This study sought to clarify whether changes in cognitive
functioning occur following CAS.
MATERIALS & METHODS
Twenty-nine patients were tested neuropsychologically at
least 24 hours before and 3 months after carotid artery stenting. Cognitive speed tests and memory tests were conducted.

Wednesday

MATERIALS & METHODS
Case report forms, pre and posttreatment arteriograms, and
24-hour CT scans from 77 subjects entered into the IMS I,
and 72 subjects from IMS II, were reviewed to identify subjects with baseline ACA occlusion, new ACA emboli occurring during fibrinolysis, and subsequent CT infarction in the
ACA distribution.

University of Cincinnati
Cincinnati, OH
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Affective state was determined. Diffusion-weighted imaging
(DWI) and perfusion-weighted imaging (PWI) was obtained
in all cases.
RESULTS
None of the patients suffered from depression (BDI < 1) or
dementia. Stenting of the carotid artery led to a significant
increase in cognitive speed function (p < 0.02).There was a
correlation between the degree of vessel stenosis and the perfusion deficit in the brain area on this side. The higher the
degree of stenosis the more marked was the perfusion
deficit. An increase in brain perfusion through carotid artery
stenting correlated with an increase in memory function (p <
0.05). Discussion: Stenting of the carotid artery seems to
improve functions that involve cognitive speed regardless of
the patients age, side of stenosis, or degree of stenosis.
Stenting in itself does not affect memory function. Memory
functions however seem to improve in patients where an
existing perfusion deficit is treated.
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CONCLUSION
Stenting of the carotid artery may offer more than reduced
stroke risk.
KEY WORDS: Carotid stent, cognitive, perfusion MR imaging
Paper 217 Starting at 4:04 PM, Ending at 4:12 PM
A Novel Hypothesis about the Development of
Unpredictable Cerebral Hyperperfusion Syndrome after
Reperfusion
Ugurel, M. S.1 · Oran, I.2 · Bozlar, U.1 · Üstünsöz, B.1 ·
Somuncu, I.1
1

Gülhane Military Medical Academy, Ankara, TURKEY,
Ege University School of Medicine, Ýzmir, TURKEY

2

PURPOSE
To hypothesize an etiopathogenetic mechanism to explain
the development of hyperperfusion syndrome among some
patients with otherwise similar risk factors for hyperperfusion after carotid artery recanalization.
MATERIALS & METHODS
Patients who suffered from posttreatment cerebral hyperperfusion syndrome that presents clinically with morbid
headaches, confusion, seizures, and/or neurologic deficits
and radiologically with cerebral vasogenic edema or hemorrhage were noted after retrospective review of cases in two
centers in the last 29 months. Cerebral angiograms and MR
imaging/CT studies before and after treatment of carotid
stenosis with either stent-assisted carotid artery angioplasty
(SAPTA) or carotid endarterectomy (CEA) were reviewed.
Exclusion criteria were: cerebral infarcts prior to treatment,
anticoagulation or antithrombotic treatment as an adjunct to
antiplatelets after treatment, extreme and unresponsive perioperative hypertension, stenosis more than 95%, recent contralateral CEA, and age < 60 years. Hence, all risk factors
known and described so far were more or less equalized.

RESULTS
Since only overt syndromic cases were included (hyperperfusion-only was not included), four patients meeting above
criteria could be identified. These cases had no higher risk of
hyperperfusion syndrome as compared to those meeting
above criteria but who did not suffer from the overt syndrome. Time to develop hyperperfusion syndrome signs after
recanalization of carotid stenosis was a minimum of 12
hours and a maximum of 13 days. Three cases were postSAPTA and one case was post-CEA. All cases had quite
patent and wide posterior communicating arteries on the
treated sides, two of them even having persistent fetal origin
of posterior cerebral artery. Overt syndrome of hyperperfusion was the end result of posterior parietal or parietooccipital vasogenic edema and/or punctate hemorrhages in three
post-SAPTA cases and extensive hemispheric vasogenic
edema in the post-CEA case.
CONCLUSION
Sudden reperfusion of posterior cerebral circulation (that is
known to be relatively devoid of autoregulation) after
recanalization of carotid stenosis may be responsible for
unpredictable hyperperfusion syndrome cases. Hence, one
must pay special attention before carotid angioplasty to the
presence of a widely patent posterior communicating artery,
so that precautions can be taken to avoid hyperperfusion syndrome.
KEY WORDS: Hyperperfusion syndrome, cerebral, predictor
Paper 218 Starting at 4:12 PM, Ending at 4:20 PM
Swine Model of Carotid Atherosclerosis
Ishii, A. · Vinuela, F. · Sinha, S. · Villablanca, P. · Murayama,
Y. · Ahn, S. · Yuki, I. · Khanlou, N. · Vinters, H.
University of California Los Angeles Medical Center
Los Angeles, CA
PURPOSE
Limited availability of a large animal model of carotid atherosclerosis has limited preclinical evaluations of endovascular therapeutic devices. The present study is aimed at
developing such animal models with a novel approach, featuring the role of hemodynamics.
MATERIALS & METHODS
We utilized 24 carotid arteries from 12 Yucatan miniswine.
All animals were maintained on experimental hypercholesterolemia (HL) with and without diabetes (DM).
Hypercholesterolemia was induced easily with the use of a
high-fat diet. Diabetes was superimposed by venous injection of Streptozotocin. A total of 1000 mg (40 mg/kg)
Streptozotocin was administered in two procedures with an
interval of 1 week. In addition to these systemic conditions,
two kinds of local manipulations were performed on the
carotid artery: surgical partial ligation (SPL) with and without endovascular balloon injury (EBI). Surgical partial ligation was set by placing 5-0 nylon suture in the middle of the
artery to disturb laminar flow patterns, resulting in approximately 80% stenosis. Endovascular balloon injury was performed by moving a 6 mm angioplasty balloon up and down
the artery three times for complete denudation of intact
endothelium. Animals were sacrificed 3 or 6 months after the
surgery. Thus, 24 arteries were allocated into 4 Groups:
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Group I (n = 8), SPL under HL; II (n = 9), SPL&EBI under
HL; III (n = 3), sham-operation under HL; IV (n = 4), SPL
under HL&DM. In vivo blood flow patterns were analyzed
with 3.0 T phase-contrast MR imaging and endovascular
Doppler guidewire velocimetry, followed by wall shear
stress calculation with the MATLAB software. Harvested
specimens were subjected to standard paraffin-sectioning
techniques, followed by staining with Hematoxylin & Eosin
and Elastica van Gieson. Immunostaining with smooth muscle actin also was performed to characterize formed plaques.

CONCLUSION
Surgical partial ligation with concomitant dietary hyperlipidemia is an appropriate experimental technique to develop
advanced atherosclerotic plaques with minimal technical
complications. Hemodynamic studies suggest that evolution
of plaque in this model likely is related to low/oscillatory
wall shear stress.

MATERIALS & METHODS
As part of the safety evaluation, patients were required to
undergo a MR scan of the brain, which included T1-weighted images with and without gadolinium, T2-weighted and
proton density images, and a fluid-attenuation inversion
recovery sequence. MR scans were evaluated for findings
consistent with PML according to the expert guidelines. All
scans with ambiguous lesions were compared to previous
scans to determine whether the suspect lesion was new and
required the second opinion of an expert neuroradiologist.
All patients with an inconclusive diagnosis based on MR
imaging were required to undergo cerebrospinal fluid (CSF)
testing for the JC virus.
RESULTS
A total of 1,966 patients completed a dose-suspension MR
scan. Approximately 35% of the scans prompted comparison
to a prior scan. Following this review, a total of 13 MR scans
required a second opinion. The expert neuroradiologist was
unable to exclude PML in 1 case and the patient was referred
for evaluation by an independent adjudication committee;
PML was ruled out in this patient after the failure to detect
JC virus DNA in CSF and the stable appearances on repeat
MR imaging. Overall, the results of the safety evaluation
showed no new confirmed cases of PML in patients treated
with natalizumab.
CONCLUSION
Brain MR imaging is a sensitive adjunct for evaluating
patients for possible PML. Comparison to baseline scan
proved useful for PML evaluation. In almost all cases, the
expert guidelines regarding the evaluation of MR scans
alone were successful in differentiating demyelination of
PML from that of MS.

KEY WORDS: Carotid artery, atherosclerosis, hemodynamics
Paper 219 Starting at 4:20 PM, Ending at 4:28 PM
Evaluation
of
Progressive
Multifocal
Leukoencephalopathy in Patients with Multiple
Sclerosis: The Use of Consensus Guidelines from an
Expert Panel for the Evaluation of MR Scans
Yousry, T. A.1 · Radue, E.2 · Miller, D. H.1 · Mueller-Lenke,
N.2 · van Buchem, M. A.3 · Jäger, H. R.1
1

Institute of Neurology, London, UNITED KINGDOM,
University Hospital Basel, Basel, SWITZERLAND,
3
Leiden University Medical Center, Leiden, THE NETHERLANDS
2

PURPOSE
Progressive multifocal leukoencephalopathy (PML) is a rare,
acute demyelinating disease of central nervous system white
matter caused by the JC virus. Progressive multifocal
leukoencephalopathy primarily affects immunocompromised individuals. In February 2005, two cases of PML were
reported in multiple sclerosis (MS) patients who received >
2 years of natalizumab in combination with interferon beta1a. As a result, dosing of natalizumab was suspended voluntarily by the manufacturers and an extensive safety evalua-

KEY WORDS: Progressive multifocal leukoencephalopathy,
multiple sclerosis, MR imaging
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RESULTS
Atherosclerotic changes were confirmed in 6/6 in Group I,
6/9 in Group II, and 3/4 arteries in Group IV, while all in
Group III remained intact. Three in Group II and ine artery
in Group IV resulted in thrombotic occlusion. Advanced
plaques with intraplaque hemorrhage and/or calcification
were seen in 4/6 arteries in Group I, but none in Group II.
The cross-sectional area stenosis and atherosclerotic stage
for plaques in Group I were both significantly higher than
that in Groups II and III. When comparing Group II with VI,
superimposing DM did not show evidence of acceleration of
atherosclerosis. It, however, appears to affect plaque composition, (i.e., soft plaques with less smooth muscle cells were
more often observed in Group IV). Hemodynamic analysis
demonstrated disturbed flow patterns in the portion proximal
and distal to the stenosis. Low and/or oscillatory wall shear
stress commonly was observed in the proximal portion,
where plaque most often forms.

tion was initiated. As part of the extensive safety evaluation,
an expert panel was convened to develop guidelines to help
distinguish white matter changes of PML from those of MS.
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3:00 PM – 4:30 PM
Room 5AB

Barger, A. · DeLone, D. R. · Bernstein, M. · Welker, K. ·
Gilbertson, J.

(49c) HEAD AND NECK: Pharynx,
Larynx, Soft Tissue Neck,
Miscellaneous
(Scientific Papers 220 – 230)

PURPOSE
MR imaging of the extracranial head and neck is made difficult by multiple factors, including unreliable fat suppression.
The effectiveness of frequency-selective RF pulses (CHESS,
fat-sat) in suppressing fat signal is limited by the substantial
main magnetic field inhomogeneity found at multiple sites
along the extracranial head and neck. Modified three-point
Dixon (3PD) techniques use three acquisitions with differing
phase information to generate fat and water images, and are
relatively insensitive to the effects of inhomogeneityinduced off-resonance. We implemented a clinical protocol
for 3PD FSE T1- and T2-weighted imaging of the head and
neck, and compared the performance for T2-weighted imaging with a conventional CHESS FSE sequence.

See also Parallel Sessions
(49a) INTERVENTIONAL: Trials, Devices and
Equipment
(49b) INTERVENTIONAL: Thrombolysis/Stroke
(49d) ADULT BRAIN: Epilepsy,
Inflammatory/Infectious Diseases

Wednesday

Paper 221 Starting at 3:08 PM, Ending at 3:16 PM
Clinical Head and Neck Imaging Using the FSE-IDEAL
Technique

Moderators: Nafi Aygun, MD
Christine M. Glastonbury, MBBS, FRANZCR

Paper 220 Starting at 3:00 PM, Ending at 3:08 PM
Nonsquamous and Nondental Pathology of the Oral
Cavity
Smoker, W. R. K.
University of Iowa College of Medicine
Iowa City, IA
The vast majority of oral cavity pathology is represented by
squamous cell carcinoma or associated with an odontogenic
etiology. There are, however, a large number of less common, albeit rare, conditions that involve this region with
which neuroradiologists should be familiar. In this presentation, the anatomy of the oral cavity is reviewed and several
of these uncommon pathologies are presented and discussed.
These include 1) congenital anomalies: vascular lesions
(hemangiomas and vascular malformations), suprahyoid thyroglossal duct cysts, lingual thyroid, demoid cysts; 2)
Infections and inflammatory lesions (including sialolithiasis
and ranulas); and 3) benign neoplasms (pleomorphic adenomas, aggressive fibromatosis, lipomas, exostoses). At the
completion of this discussion, it is anticipated that the audience will have a better understanding of the gamut of nonsquamous, non-dental pathology involving the oral cavity.
KEY WORDS: Oral cavity
This paper was selected to receive the Best Paper Award by
the Southeastern Neuroradiological Society (SENRS) at its
29th Annual Meeting held in October 2005.

Mayo Clinic
Rochester, MN

MATERIALS & METHODS
Imaging was performed using the “IDEAL” GE 3PD FSE
sequence on a 1.5 T Signa scanner (GE Medical Systems,
Milwaukee, WI) with five- and eight-channel neuro-vascular
phased-array coils (Medrad, Indianola, PA, and MRI
Devices, Gainesville, FL, respectively). Five patients were
scanned with our clinical T2-weighted CHESS FSE protocol, and then with the T2-weighted IDEAL sequence. We
chose scan parameters for IDEAL to closely match the scan
times per pack for the CHESS FSE sequence (typically 2 to
3 minutes per half neck). Scan time for the Dixon method is
proportional to the number of Dixon “points” (i.e., 3), so we
increased the receiver bandwidth, adjusted echo-train
lengths (ETL), and slightly lowered the number of phase
encodes to compensate for the otherwise intrinsically longer
scan time.
RESULTS
Resultant separate fat, water, and combined images from the
method were reviewed. In all subjects the water images
obtained using IDEAL demonstrated effective, uniform fat
suppression on T2-weighted imaging. In one of the cases the
Dixon reconstruction caused some erroneous, nonanatomical
mapping of fat signal. Three neuroradiologists independently scored the images from the two different techniques for
both uniformity of fat suppression and lesion conspicuity
using a +/- 3 point scale (0 being equivalent; +1 = 3PD
slightly better, +2 = 3PD moderately better, +3 = 3PD significantly better. Negative scores indicated the CHESS FSE
images were judged to be superior with similar rankings).
The reviewers' mean scores were 2.6 for the uniformity of fat
suppression (p < 0.05), favoring the 3PD method. Mean
scores for lesion conspicuity were 1.86 (p < 0.05), again
favoring the 3PD method. Additional measurements of the
T2 image signal-to-noise ratio (SNR) were performed for
each patient. The 3PD FSE images had a mean SNR of 10.8,
the CHESS FSE images showed a mean SNR of 14.5.
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CONCLUSION
Clinical review of images obtained using the IDEAL
sequence showed a statistically significant preference for
3PD FSE with regard to lesion conspicuity and the uniformity of fat suppression. The method does require three
acquisitions for each phase encode, which imposes limitations of coverage and resolution to maintain a reasonable
scan time. Signal-to-noise ratio was lower than an equivalent
FSE T2 sequence requiring similar scan times, which was
expected due to compromises in scan parameters. However,
the excellent fat suppression achieved with 3PD sequences
may be of sufficient clinical value to offset longer scan times
or compromises in SNR and resolution.

RESULTS
Histology included 7 nasopharyngeal carcinomas, 4 squamous cell carcinomas, 3 undifferentiated carcinomas, 2 adenocarcinomas, 1 adenoid cystic, with 1 unknown histology.
In 16 cases the primary tumor site involved the lateral
nasopharynx with 2 cases of adenocarcinoma arising from
the ethmoid sinus. Although the sinus of Morgagni allows
tumor to access the parapharyngeal space a soft tissue plane
between muscle and tumor was noted unless the tumor was
extremely aggressive. Tumors demonstrated extension posteriorly into the poststyloid parapharyngeal space with
access to the retropharyngeal space and carotid spaces.
Additional alternative routes included anterior tumor extension to the tensor veli palatine and medial ptyergoid muscles.

KEY WORDS: Fat suppression, Dixon
Paper 222 Starting at 3:16 PM, Ending at 3:24 PM
Facts and Fallacies of the Pharyngobasilar Fascia:
Possible Alternative Routes for Perineural Tumoral
Spread along Mandibular Division of the Trigeminal
Nerve
Hyare, H. K. · Kirsch, C. F. E. · Alusi, G. · Vaidya, S.

REFERENCES
PURPOSE
The pharyngobasilar fascia (PBF) is considered a cranial
continuation of the superior pharyngeal constrictor muscle
attaching to the skull base from the posterior medial pterygoid plate to the petrous temporal bone anterior to the carotid
foramina. The tough PBFs only aperture is the sinus of
Morgagni giving passage to the Eustachian tube and levator
veli palatini muscle and potentially nasopharyngeal tumors.
The medial pterygoid and tensor veli palatine muscles fascia
merge forming an interpterygoid fascia attaching medial to
foramen ovale, allowing masticator space tumors access to
the mandibular division of the trigeminal nerve (V3), and
theoretically blocking tumors medial to the fascia in the
nasopharynx. The purpose of this study was to review retrospectively 18 cases of nasopharyngeal tumors with known
intracranial perineural tumoral spread via V3 with regards to
fascial planes, and additional possible pathways for perineural tumoral spread with a review of the current literature
and correlation with anatomical skull base specimens from
the Royal College of Surgeons.
MATERIALS & METHODS
Eighteen cases (9 male, 9 female, with a mean age of 50.3
years age range 20-87 years) of histologically proven head
and neck tumors with intracranial perineural tumoral extension via V3 were identified. CT and MR images were
reviewed retrospectively by two consultant neuroradiologists and one fellowship-trained neuroradiologist awaiting
accreditation. All cases demonstrated perineural tumoral
extension via (V3) with intracranial extension. Images were
reviewed with regards to the intactness of the pharyngobasilar fascia, relation of tumor to the sinus of Morgagni and
Eustachian tube, sphenoid bone and sphenopalatine foramen, masticator space, pre/poststyloid parapharyngeal
space, maxillary (V2), vidian and facial nerves. Correlative
cadaveric anatomy was via skull base workshop at the Royal
College of Surgeons.

1. Rouviere H. Anatomie Topographique de la Tete et du Cou. In:
Rouviere H, ed. Anatomie Humaine: descriptive et
topographique. Paris: Masson Et Cie 1959;487-491

KEY WORDS: Pharyngobasilar fascia, perineural tumoral
spread, mandibular nerve
Paper 223 Starting at 3:24 PM, Ending at 3:32 PM
Benign Ulceration as a Manifestation of Soft Tissue
Radiation Necrosis: Imaging Findings
Debnam, J. M. · Ginsberg, L. E.
The University of Texas M.D. Anderson Cancer Center
Houston, TX
PURPOSE
Radiation therapy is an integral part of the treatment of head
and neck malignancies. Osteoradionecrosis within the radiation field is a well described treatment complication.
However, there also can be radiation-induced necrosis of the
soft tissues, including ulceration, which is a crater-like
breech of the mucosa with associated edema. This can result
in significant reduction in quality of life as well as simulate
the appearance of recurrent tumor both clinically and radiologically. The purpose of this study was to review the imaging findings of ulceration related to soft-tissue radiation
necrosis in 14 patients who had undergone radiation therapy
for head and neck malignancy.
MATERIALS & METHODS
Fourteen patients were identified with CT findings of soft
tissue radiation necrosis following radiation therapy for a
head and neck malignancy. Primaries included squamous
cell carcinoma (n = 13) of the nasopharynx, oral cavity,
oropharynx, hypopharynx and larynx and an invasive poorly
differentiated carcinoma of the nasopharynx (n = 1).
Radiation therapy was completed between 3 and 61 months
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Bart's and The Royal London NHS Trust
London, UNITED KINGDOM

CONCLUSION
Careful review of the literature reveals additional deficiencies documented by Rouviere (1) including a fascial gap
close to the skull base through which V3 extends to the tensor veli palatini. The PBF and interpterygoid fascia are considered tough barriers for tumoral spread, with the sinus of
Morgagni being the route allowing tumors to reach the parapharyngeal space and subsequently V3. In reality, the fascial
planes may have additional gaps allowing alternative routes
for tumor to access V3 leading to perineural tumoral spread.
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(median 5.5 months) before the initial diagnosis of soft-tissue radiation necrosis. In all 14 patients, the initial diagnosis
was made or confirmed by a CT examination. Pathologic
diagnosis of soft-tissue radiation necrosis (n = 10) and recurrent tumor (n = 1) was available in 11 of the 14 regions.
There was follow-up imaging which was free of malignancy
in the remaining three.
RESULTS
Ulceration following radiation therapy was identified in 14
patients. In addition to the ulceration, three of the lesions had
an adjacent area of enhancement, which was peripheral (n =
1), nodular (n = 1) or heterogeneous (n = 1). One of these
ulcerations (peripheral enhancement) initially was thought to
be benign. This was treated with hyperbaric oxygen therapy
and subsequently proved to harbor recurrent cancer. The
other two enhancing lesions (nodular and heterogeneous)
were biopsy negative and followed up radiographically for 6
and 13 months respectively, without the development of
malignancy. The 11 lesions without associated enhancement
initially were diagnosed radiologically as benign ulcerations.
Eight of these 11 lesions were biopsy negative. Disease-free
follow up for the 11 initially benign ulcerations included a
CT study, ranging from 3 to 13 months (median 5 months),
in 10 of the 11 patients. The one patient without follow-up
imaging was free of disease clinically at 6 months.
CONCLUSION
On CT examination, soft tissue radiation necrosis may have
the appearance of ulceration, possibly with adjacent
enhancement. From a radiologic prospective, if the ulceration is free of adjacent enhancement, then continued monitoring without biopsy seems warranted. Areas of enhancement adjacent to the ulceration should be carefully followed
up if not biopsied. The radiologist should be aware of the CT
finding of benign ulceration as a side effect of radiation
treatment of head and neck malignancies to avoid misinterpreting this finding as recurrent tumor or other process.
Knowledge of recent radiation treatment, surgical history,
and clinical examination will assist the radiologist in making
the correct diagnosis of soft tissue radiation necrosis.
KEY WORDS: Soft tissue, radiation necrosis, ulceration
Paper 224 Starting at 3:32 PM, Ending at 3:40 PM
Dual-Phase Injection Technique for Iodine Contrast
Material Dose Optimization for 16-Slice Multidetector
Row CT of Neck
Namasivayam, S. · Kalra, M. K. · Pottala, K. M. · Waldrop,
S. M. · Hudgins, P. A.
Emory University Hospital
Atlanta, GA
PURPOSE
Fast image acquisition with multidetector row CT (MDCT)
enables efficacious use of contrast material bolus. The purpose of our study is to determine if contrast material dose for
MDCT of extracranial head and neck can be reduced by
using dual-phase injection technique.

MATERIALS & METHODS
IRB approval was obtained. Our study was compliant with
HIPAA. Seventy-eight consecutive patients were evaluated
with one of three protocols: 150 mL (n = 26); 100 mL (n =
26); and 75 mL (n = 26) of 350 mg I/mL contrast material
injected by using dual-phase injection technique (Fig), with
a 45-second delay. CT attenuation (Hounsfield units (H))
was measured in common carotid artery (CCA), and internal
jugular vein (IJV). Two radiologists unaware of the contrast
material dose scored diagnostic acceptability, and enhancement of CCA, IJV and mucosa on a five-point scale (1, no
enhancement; 3, acceptable; 5, excellent). Data were analyzed using parametric and nonparametric tests. Cost saving
for the contrast dose protocols was calculated.

RESULTS
Overall enhancement was sufficient in all subjects (100%,
52/52) in 100 mL, and 75 mL groups. Both readers recorded
acceptable (scores ≥ 3) overall enhancement scores in 22
subjects (85%, 22/26) in 150 mL group. Mucosal enhancement was insufficient in 35-42% subjects of 150 mL group,
and 35-38% of 75 mL group, and only 15-19% of 100 mL
group. Quantitative CCA and IJV enhancements were significantly greater in 75 mL than in 100 mL, and 150 mL
groups (p < .001). Substantial interobserver agreement was
found (k = 0.62). The cost of intravenous contrast material
for each subject was $120, $80, and $60 (based on invoice of
contrast material purchase) in 150 mL, 100 mL, and 75 mL
groups, respectively. Thus, use of 100 mL or 75 mL of contrast material for MDCT of neck enabled 33% and 50% cost
savings, respectively.
CONCLUSION
A 100 mL contrast material dose using dual-phase injection
technique results in optimum vascular and mucosal enhancement in MDCT evaluation of neck. Though mucosal
enhancement is limited in some patients, the vascular as well
as overall subjective enhancement is adequate with 75 mL
contrast dose at 45-second delay. Hence, for patients, in
whom mucosal enhancement is not critical for MDCT of
neck, or who are at high risk for contrast-induced nephropathy a 75 mL contrast material dose can result in acceptable
CT study of neck with 50% cost saving when compared to
150 mL dose.
KEY WORDS: Contrast medium, CT, multi-detector row, CT,
head and neck
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Paper 225 Starting at 3:40 PM, Ending at 3:48 PM
A Prospective Evaluation of Multidetector CT
Angiography as the Primary Screening Modality for
Carotid and Aerodigestive Tract Injury in Victims of
Penetrating Neck Trauma

CONCLUSION
Multidetector CT angiography is highly sensitive for
extracranial carotid artery and aerodigestive tract injury, and
is superior to physical exam alone. Multidetector CT angiography is a highly effective screening tool in patients with
penetrating neck trauma.

Jacob, J. S. · Munera, F. · Inaba, K. · McKenney, M. ·
Fibkins, S. · Rivas, L.

REFERENCES

Jackson Memorial Hospital
Miami, FL

MATERIALS & METHODS
The study was approved by the IRB. All patients presenting
at a level one trauma center were entered prospectively into
the study. One of three experienced surgeons assessed the
clinical status of the patients. Subsequently, MDCTA was
performed and interpreted by a second- or third-year radiology resident and one of four experienced trauma radiologists. The surgical service then triaged the patients for surgical intervention, additional diagnostic tests, or conservative
management based on the results of the CT scan. Surgical
findings, additional diagnostic examinations, or clinical outcomes were used as the gold standard. The diagnostic utility
of physical exam alone and MDCTA were compared.
RESULTS
Ninety-four patients presented with PNT over a 14-month
period; 14 had emergent operations and 12 had wounds
superficial to the platysma. Sixty-four of the remaining 68
underwent MDCTA. Of 128 carotid arteries examined,
MDCTA identified five carotid injuries, with four false positives and no false negatives (sens 100%, spec 97%, PPV
56%, NPV 100%). There was good to excellent interobserver agreement (K = 0.73-0.94). Of 64 aerodigestive tracts
examined, MDCTA identified six aerodigestive tract
injuries, with seven false positives and no false negatives
(sens 100%, spec 88%, PPV 46%, NPV 100% ). There was
moderate interobserver agreement (K = 0.41-0.57). Forty-six
patients had no evidence of carotid or aerodigestive tract
injury on MDCTA, and none of these patients developed
complications or required intervention for such injuries.
Multidetector CT angiography (sens 100%, spec 85%, PPV
56%, NPV 100%) was superior to physical exam (sens 40%,
spec 44%, PPV 12%, NPV 80%) in identifying patients with
clinically significant penetrating neck injuries.

KEY WORDS: Carotid, trachea, trauma
Paper 226 Starting at 3:48 PM, Ending at 3:56 PM
Evaluation of Normal Patterns of Ossification of the
Thyroid Cartilage by Multidetector CT Imaging
Utilizing 3D Reconstructions
Maiorana, C. R. · Obuchowski, A. M. · Strome, S. E. ·
Morales, R. E.
University of Maryland
Baltimore, MD
PURPOSE
Incomplete ossification of the thyroid cartilage often poses a
diagnostic dilemma when evaluating for invasion by laryngeal cancer. Confidence in the symmetry of ossification
allows use of the contralateral side to serve as a reference.
The presence of a typical sequence of ossification also would
be helpful. This study utilized 3D reconstructions, performed
on multidetector CT data, to evaluate the symmetry and for
the presence of a common sequential pattern of thyroid cartilage ossification.
MATERIALS & METHODS
Three-dimensional reconstructions of the thyroid cartilage
were created from 50 patients (25 males and 25 females, ages
16 to 83 years), who had a prior thin-sectioned CT imaging
study (16-slice multidetector scanner) covering the larynx.
The symmetry and patterns of ossification were evaluated by
two observers on inspection of the reconstructed images and
axial raw data. This was characterized by recording the symmetry and degree of ossification with regard to five portions
of the thyroid cartilage: the superior and inferior cornu, the
superior and inferior lamina and the prominence.
RESULTS
Subjectively the ossification of the thyroid cartilage was
consistently symmetric with differences identified noted to
be usually mild, reflecting only slight asymmetry in ossification along the expected pattern. This pattern of ossification
was predictable, with only approximately 5 subjects (10%)
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PURPOSE
Victims of penetrating neck trauma (PNT) often undergo
neck exploration to evaluate the extracranial carotid arteries
and aerodigestive tract. Although helical CTA has proven
utility in evaluating patients with high clinical suspicion of
carotid injury secondary to PNT (1, 2, 3), it has questionable
additive value to physical exam alone (4). Our experience
has led us to believe that multidetector CT angiography
(MDCTA) is highly accurate in detecting injuries of the
carotid arteries and aerodigestive tract due to its improved
spatial resolution. The purpose of this study is to evaluate the
utility of MDCTA as the primary screening modality for
carotid and aerodigestive tract injury in victims of PNT.

1. Nunez DB Jr, et al. Vascular injuries of the neck and thoracic
inlet: helical CT-angiographic correlation. Radiographics
2004;24(4):1087-1098
2. Ofer A, et al. CT angiography of the carotid arteries in trauma to the neck. Eur J Vasc Endovasc Surg 2001;21(5):401-407
3. Munera F, et al. Diagnosis of arterial injuries caused by penetrating trauma to the neck: comparison of helical CT
angiography and conventional angiography. Radiology
2000;216(2):356-362
4. Gonzalez RP, et al. Penetrating zone II neck injury: does
dynamic computed tomographic scan contribute to the diagnostic sensitivity of physical examination for surgically significant injury? A prospective blinded study. J Trauma
2003;54(1):61-64
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not following the typical sequence. Routinely, ossification
seemed to progress from the inferior cornu to the superior
cornu. Next the inferior lamina would ossify from posterior
to anterior and a projection of ossification would extend
from the inferior rim, approximately two-thirds from the
posterior margin of the inferior lamina, cranially to the superior rim. During this time, ossification would appear within
the prominence and spread posteriorly along the superior rim
of the superior lamina to join this projection. Finally the
superior lamina would continue to ossify posteriorly.
Typically, the projection of ossification would result in the
formation of two defects, a smaller one anteriorly and a larger one posteriorly, that could eventually ossify. In general,
ossification progressed with age, with age-matched females
commonly having much less ossification than their male
counterparts and seemed more likely to deviate from the normal ossification pattern.

MATERIALS & METHODS
A retrospective review of our electronic medical record from
April 2004 to November 2005 identified over 5000 potential
head CTs. Three hundred and fifty examinations were selected at random. Twenty-nine examinations (8%) were excluded because they contained skull fractures, leaving 321
patients in the study. Of these, 150 (46.7%) were male and
171 (53.3%) were female. The patients' ages ranged from 9
to 96 years with a mean of 63.9 years. Images of the upper
skull were reviewed on bone algorithm using soft-copy display. A metopic suture was deemed present if an irregular
radiolucent line with sclerotic edges connected the bregma to
the nasion. In patients with PMS, the frontal sinuses were
examined for aplasia or hypoplasia. The prevalence of PMS
was calculated, along with 95% confidence intervals.
RESULTS
Persistent metopic suture was present in 11 of the 321
patients (3.4%, 95%CI: 1.4-5.4%). The suture was more
common in males than females (4.7% vs 2.3%), but this difference did not reach statistical significance. In two of the
cases of PMS (2/11 = 18%), the frontal sinus was aplastic; in
seven (7/11 = 63%) the sinus was hypoplastic, and in two
(2/11 = 18%) the sinus was normal.
CONCLUSION
Persistent metopic suture is visible on head CT in about 3%
of the normal adult population. Persistent metopic suture is
associated with hypoplasia of the frontal sinuses.
KEY WORDS: Metopic suture, fusion anomalies, frontal
sinuses

CONCLUSION
The results of this study demonstrate that ossification of the
thyroid cartilage is essentially symmetric and typically progresses in an expected pattern. Confidence in this symmetry
and the knowledge of the expected temporal sequence of
ossification are valuable aids in assessing for possible subtle
cartilaginous invasion by laryngeal carcinoma.

Paper 228 Starting at 4:04 PM, Ending at 4:12 PM
In Vivo Proton MR Spectroscopy of the Extracranial
Head and Neck Neoplasms
Bisdas, S.1 · Baghi, M.1 · Vorbuchner, M.2 · Huebner, F.1 ·
Mueller, C.1 · Smolarcz, A.1 · Knecht, R.1 · Gstoettner, W.1 ·
Vogl, T. J.1
1

KEY WORDS: Thyroid cartilage, ossification, CT
Paper 227 Starting at 3:56 PM, Ending at 4:04 PM
The Frequency of Persistent Metopic Suture on Adult
Head CT
Thomas, S. · Branstetter, B. F.
University of Pittsburgh
Pittsburgh, PA
PURPOSE
In infants, the metopic suture is a primary skull suture that
divides the frontal bones as it runs in the sagittal plane from
the bregma to the nasion. The suture usually fuses by the
third year of life, leaving no radiographic residua. In some
individuals, however, the suture can persist into adulthood.
This developmental anomaly may be mistaken for a skull
fracture in patients who have undergone trauma, and may
have an effect on the development of the frontal sinuses. The
aim of our investigation was to identify the prevalence of a
persistent metopic suture (PMS) on head CT, and to determine what effect this anomaly has on the frontal sinuses.

Johann Wolfgang Goethe University Hospital,
Frankfurt, GERMANY, 2Siemens Medical Systems,
Erlangen, GERMANY
PURPOSE
To determine the feasibility of performing in vivo proton
MR spectroscopy (MRS) of the extracranial head and neck
and differentiating malignant and benign extracranial head
and neck neoplasms from normal tissue.
MATERIALS & METHODS
Benign and malignant neoplasms as well as metastatic
lymph nodes of 38 patients were examined using localized
single voxel MRS (TR 1500, TE 135) at 1.5 T. New techniques with simultaneous correction of motion artifacts during the acquisition, three-dimensional saturation pulses, respiratory triggering, and smaller volume of interest (VOI)
size were applied. Ratios of peak areas under the choline
(Cho) and creatine (Cr) resonances were estimated in all
cases and compared with samples of normal tissue.
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RESULTS
Ninety-five spectra were acquired in 38 patients and 79 of
them were suitable for further evaluation. The smallest VOI
was 0.40 cm3. The Cho/Cr ratios in all malignant neoplasms
(mean 5.1, range 1.6-17.8) were elevated significantly in
relation to the normal muscle structures (mean 0.8, range
0.2-1.4). The benign neoplasms showed an elevated Cho/Cr
ratio (mean 24.5, range 1.4-59.6) in relation to the malignant
ones. The average Cho/Cr ratio in the metastatic lymph
nodes was 4.6 (range 3.3-5.6), whereas for benign lymphoid
hyperplasia it was 2.2 (range 1.0-3.1). MR spectroscopy
measurements could differentiate recurrent disease from
posttherapeutic tissue changes.
CONCLUSION
In vivo proton MRS is feasible for the evaluation of benign
and malignant tumors arising in the extracranial head and
neck as well as for their therapeutic monitoring. MR spectroscopy is also a potential tool in the differentiation of the
enlargement of lymph nodes.
KEY WORDS: MR spectroscopy, extracranial head and neck,
neoplasms

Kujak, J. L. · Hise, J. · Meyers, T. P. · Opatowsky, M.
Baylor University Medical Center
Dallas, TX
PURPOSE
To familiarize neuroradiologists and head and neck imagers
with an unusual cause and appearance of life-threatening
acute airway obstruction.
MATERIALS & METHODS
A contrast-enhanced 16-slice multidetector CT examination
was performed with multiplanar reconstructions. The medical chart of this patient was reviewed to include detailed
intraoperative observations. The medical literature related to
acute airway compromise from spontaneous laryngeal hemorrhage was reviewed.
RESULTS
A 64-year-old man with past medical history significant for
nonsmall cell lung cancer treated by preoperative
chemotherapy, radiation therapy, and recent left upper lobe
resection presented to the hospital with a sore throat and dysphagia for 3 days. Of note, the patient was on warfarin for
atrial fibrillation. Shortly after presenting to the hospital, the
patient developed acute airway compromise, and was admitted to the intensive care unit. An emergent tracheostomy was
performed. Immediately after the tracheostomy, axial CT
images of the neck were performed to determine the etiology of the acute airway compromise. Consensus review of the
images by four neuroradiologists demonstrated complete airway obstruction secondary to mass effect created from a circumferential laryngeal submucosal process without intrinsic
density. This finding was felt to represent edema from infectious laryngitis. Although the appearance was similar to find-

CONCLUSION
Acute airway compromise is due most commonly to infectious laryngitis, inflammatory laryngitis, tumor infiltration,
trauma, or perhaps retropharyngeal hemorrhage. This is an
unusual case in which acute airway compromise was due to
large volume spontaneous laryngeal and posterior pharyngeal hemorrhage in an anticoagulated patient being treated
for lung carcinoma not known to be metastatic to the head
and neck region. The imaging characteristics were equally
unusual in the absence of typical CT features of acute blood
products and an appearance more suggestive of an inflammatory/infectious process. Neuroradiologists and head and
neck imagers should familiarize themselves with this atypical appearance and presentation of life-threatening airway
compromise related to anticoagulation therapy.
KEY WORDS: Laryngeal, hemorrhage, imaging
Paper 230 Starting at 4:20 PM, Ending at 4:25 PM
Rhabdomyolysis in the Head and Neck: CT and MR
Imaging Findings
Mian, A. · Sakai, O.
Boston University
Boston, MA
PURPOSE
Rhabdomyolysis is described as the breakdown of muscle
fibers with the release of various toxic muscle cell contents
into the systemic circulation, and results in renal failure, acidosis, and hyperkalemia. Early diagnosis and treatment is
essential for better outcome. The purpose of this report is to
describe and discuss CT and MR imaging findings of rhabdomyolysis in the head and neck.
MATERIALS & METHODS
A 23-year-old man released from a drug rehab program went
on an alcohol and cocaine binge on the same day. He was
found approximately 7 to 12 hours later, unconscious, lying
on his right side. He subsequently was taken to the ER.
Physical exam revealed marked swelling of his right cheek
and right thigh. By this time, the patient had regained consciousness and was complaining of severe pain in these
areas. His lab work was remarkable for a potassium of 7.6
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Paper 229 Starting at 4:12 PM, Ending at 4:20 PM
Spontaneous Laryngeal Hemorrhage: Unusual Etiology
and Imaging Appearance for Life-Threatening Airway
Obstruction

ings of radiation-induced edema, the radiation treatment
ports were confined to the chest below the level of the thoracic inlet. Visual inspection of the oropharynx and larynx by
a cardiothoracic surgeon demonstrated a circumferential purple discoloration of the entire larynx and posterior pharynx,
consistent with circumferential laryngeal and posterior pharyngeal hemorrhage. Blood products were evacuated surgically from larynx and posterior pharynx. The patient’s INR
was found to be supratherapeutic at 12 (INR therapeutic
range 2-3). Because of the life-threatening complication
from warfarin, anticoagulation was discontinued and alternative pharmacologic management of atrial fibrillation was
initiated. The patient was discharged 14 days after admission
in satisfactory condition. Posttreatment CT reevaluation
revealed complete resolution of his airway obstruction.
Review of the English literature yielded no reported cases of
circumferential laryngeal and posterior pharyngeal hemorrhage as a cause of life-threatening acute airway compromise.

Wednesday.qxp

3/9/2006

11:55 AM

Page 162

162
mEq/L (nl range: 3.5-4.5), CPK of 65505 units/L (nl range:
39-259) and creatinine of 1.7 mg/dL (nl range: 0.5-1.5) and
toxin screen positive for opiates and cocaine. ER physicians
thought the patient had sustained trauma to the face and he
was sent for CT of the neck.

Wednesday Afternoon
3:00 PM – 4:30 PM
Room 1AB

RESULTS
Initial outside hospital noncontrast CT demonstrated
swelling of the right masseter muscle and parotid gland with
associated soft tissue edema and fat stranding of the subcutaneous fat. The follow-up CT on the next day showed progression of swelling of the right masseter and parotid gland
as well as swelling of the platysma and sternocleidomastoid
muscle. No contrast was given due to acute renal failure. MR
imaging demonstrated enlargement and hyperintensity of
those muscles on T2-weighted and STIR (Fig) images with
associated swelling and hyperintensity of the parotid gland
and subcutaneous fat. Postcontrast images showed heterogeneous enhancement in those muscles and parotid gland without abscess. No abnormality was noted in the pterygoid muscles or mandible.

(49d) ADULT BRAIN: Epilepsy,
Inflammatory/Infectious Diseases
(Scientific Papers 231 – 243)
See also Parallel Sessions
(49a) INTERVENTIONAL: Trials, Devices and
Equipment
(49b) INTERVENTIONAL: Thrombolysis/Stroke
(49c) HEAD AND NECK: Pharynx, Larynx, Soft
Tissue Neck, Miscellaneous
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Moderator:

Jaya Nath, MD
TBD

Paper 231 Starting at 3:00 PM, Ending at 3:08 PM
Neuroradiologic and Neurohistopathologic Findings
Associated with Domoic Acid Exposure in Zalophus californianus (California Sea Lion): Animal Model for
Toxicity-Induced Mesial Temporal Sclerosis in Humans
Barakos, J.1 · Haulena, M. A.2 · Gulland, F. M. D.2 ·
Goldstein, T.2 · Colegrove, K.3 · Dennison, S.2,4 · Zabka, T.2 ·
Thomas, K.5 · Spangenberg, J. V.6,3
1

California Pacific Medical Center, San Francisco, CA,
Marine Mammal Center, Sausalito, CA, 3School of
Veterinary Medicine, University of California Davis, Davis,
CA, 4Wildlife Health Center, University of California Davis,
Davis, CA, 5Moss Landing Marine Laboratory, Moss
Landing, CA, 6Aquarium of the Bay, San Francisco, CA
2

CONCLUSION
CT and MR imaging findings of rhabdomyolysis, which is
rare in the head and neck were reported. Early diagnosis and
treatment is important since rhabdomyolysis causes serious
systemic complications, such as hyperkalemia, acidosis,
acute renal failure, compartment syndrome, and DIC. In the
extremities or trunk, imaging typically plays a minor role in
the diagnosis of rhabdomyolysis. However, since it is rare in
the head and neck, radiologists’ familiarity with imaging
findings of this condition is key for early diagnosis and treatment and hopefully a better outcome.
KEY WORDS: Neck, rhabdomyolysis

PURPOSE
Domoic acid, a naturally occurring neurotoxin (glutamate
analog) produced by algae/plankton blooms, including the
diatom Pseudonitzschia australis, may impact both humans
(amnestic shellfish poisoning (ASP)) and wildlife. The purpose of this investigation is to demonstrate the neuroradiologic and neurohistopathologic changes related to domoic
acid toxicity in Zalophus californianus which results in
mesial temporal sclerosis (MTS). This serves as a model for
MTS in humans and broadens our understanding of glutamate analogs and their potential neurotoxic effects.
MATERIALS & METHODS
Twenty-nine stranded California sea lions with clinically
suspected domoic acid toxicity and medically refractory
seizures underwent high resolution MR imaging (1.5 T
including dedicated seizure protocol with 3D volumetric
hippocampal analysis). All patients were screened for other
causes of neurologic disease by performing complete blood
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counts, serum biochemistry analysis, serology for
Toxoplasma sp. and Sarcocystis sp., radiographs, cerebrospinal fluid evaluation, and MR imaging; with electroencephalography (EEG) performed in 10. If the animals
showed no clinical signs of neurologic disease for at least 10
days after the end of anticonvulsant therapy, they were fitted
with a satellite-linked transmitter and released. Animals
which restranded and showed poor clinical prognosis were
euthanized. Neurohistopathologic correlation was available
in 12 of 29 imaged animals.

CONCLUSION
Domoic acid, a naturally occurring neurotoxin produced by
algae/plankton blooms may impact both humans (amnestic
shellfish poisoning (ASP)) and wildlife. Domoic acid acts as
a glutamate analog with resultant damage to the medial temporal lobe. In our study we outline the neuroradiologic findings characteristic of this exposure and correlate these findings with neurohistopathology, clinical status, and EEG tracings. The implications of this work on our understanding of
MTS in humans are reviewed.
Acknowledgment: Supported by federal grants from The
National Oceanic and Atmospheric Administrations (NOAA)
Oceans and Human Health Initiative (OHHI), a federal program investigating critical linkages between oceans and
human health.
KEY WORDS: Mesial temporal sclerosis, domoic acid toxicity, glutamate analog neurotoxicity

Given, C. A. · Watson, J. K. · Fakhoury, T. A. · Schmitt, F. A.
· Lee, C.
University of Kentucky
Lexington, KY
PURPOSE
In patients with medically refractory temporal lobe epilepsy,
seizure control frequently is achievable with surgical resection of the ipsilateral temporal lobe. The temporal lobe cortex of the dominant hemisphere supports language function,
and thus postoperative language deficit is a significant concern if cortical resection is attempted. Newer surgical techniques, such as the selective amygodalohippocampectomy
(SAHE), aim to resect the hippocampal structures while
sparing the overlying cortex. The advent of these newer surgical procedures has generated a demand for alternatives to
the traditional intracarotid amytal procedure (IAP), a standard procedure used for preoperative localization of memory and language function. Several variations of the selective
amytal test have been described, each attempting to selectively anesthetize the hippocampal structures while sparing
the temporal cortex, in an attempt to pre-operatively lateralize memory function. Our purpose is to evaluate the efficacy
and feasibility of the selective anterior intracarotid amytal
procedure (IAP) utilizing the temporary balloon occlusion
technique in patients with medically refractory epilepsy
being evaluated for temporal lobe surgery. The technical
aspects of our series are discussed, with comparison to the
alternative methods of performing a selective amytal procedure (e.g., posterior circulation).
MATERIALS & METHODS
From January 2003 through September 2005, we performed
23 selective anterior IAPs in 21 consecutive patients being
evaluated for medical refractory temporal lobe epilepsy. The
procedures were performed with temporary balloon occlusion of the ICA above the level of the anterior choroidal
artery (AChA), followed by amytal infusion into the ICA,
allowing for preferential distribution of the amytal into the
ophthalmic, AChA, and posterior communicating (if present) vascular territories. Continuous surface EEG recordings
were obtained during the procedure and memory function
was evaluated before and following amytal infusion.
RESULTS
We were able to achieve technical success in 100% of the
cases (23 of 23), with successful temporary balloon occlusion of the ICA above the AChA, followed by infusion of
amytal into the ICA. Diagnostic success was achieved in
74% of the cases (16 of 23), with expected changes of focal
slow wave activity on EEG observed within the ipsilateral
temporal lobe following amytal infusion. There were no
major complications encountered during any of the procedures, but one patient did experience a transient diplopia giving a minor complication rate of 4%.
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RESULTS
Twenty-seven of 29 imaged animals demonstrated imaging
findings consistent with MTS. The severity of imaging findings correlated with degree of patient disability and provided prognostication as to the likely success of rehabilitation.
Neurohistopathologic findings were available in 12 of 29
imaged animals. The severity and exact nature of the lesions
varied with the duration of clinical signs before death. Sea
lions that died within 48 hours of stranding had acute neuronal necrosis involving the dentate gyrus and pyramidal cell
sectors of the hippocampus especially cells in the hilus of the
dentate gyrus (CA4). Animals surviving longer had varying
degrees of hippocampal gliosis, neovascularization and loss
of neurons progressing to overt encephalomalacia. Animals
with the longest survival time had hippocampal atrophy with
glial "scarring." Neurohistopathologic findings correlated
with MR imaging findings in all cases.

Paper 232 Starting at 3:08 PM, Ending at 3:16 PM
Selective Anterior Intracarotid Amytal Test: Technical
Description and Results of 23 Consecutive Procedures in
Patients Being Evaluated for Temporal Lobectomy for
Medically Refractory Seizures
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CONCLUSION
The selective anterior IAP with temporary balloon occlusion
of the ICA is a safe procedure when performed by an experienced neurointerventionalist. In our experience, selective
distribution to the anterior temporal lobe was achieved in
74% of the procedures. The selective anterior IAP appears
beneficial for the preoperative evaluation of memory function in patients with medically refractory temporal lobe
epilepsy.
KEY WORDS: Amytal, selective, epilepsy
Paper 233 Starting at 3:16 PM, Ending at 3:24 PM
T2 Relaxometry of the Hippocampus. A Study of the
Reproducibility of the Technique in the Clinical Setting
1

1

2

2

Evans, A. L. · Vaughan, P. · Wallis, L. · Wilkinson, I. ·
Griffiths, P. D.2
1

Royal Hallamshire Hospital, Sheffield, UNITED KINGDOM,
University of Sheffield, Sheffield, UNITED KINGDOM

clinical setting was assessed by discriminant analysis with
the patients with "possible" hippocampal sclerosis classified
with an index of probability into pathologic or normal categories.
CONCLUSION
T2 relaxometry is a useful and reliable adjunct to conventional MR imaging in the diagnosis of mesial temporal sclerosis. The measurement of T2 relaxometry in a "control"
population was useful in order to construct an ROC curve for
the technique. A comparison of the findings at 3 T and 1.5 T
is examined.
KEY WORDS: T2 Relaxometry, hippocampus, epilepsy
Paper 234 Starting at 3:24 PM, Ending at 3:32 PM
Comparison of Interictal PET/CT with MR Diffusion
Imaging and Ictal SPECT for Seizure Focus
Lateralization in Temporal Lobe Epilepsy

Wednesday

2

PURPOSE
Mesial temporal sclerosis (MTS) is a common finding in
temporal lobe epilepsy, and is characterized by cell loss and
astrogliosis in the medial temporal lobe limbic structures, in
particular the hippocampus. Changes on conventional MR
imaging studies can be subtle and distinguishing a normal
hippocampus from a mildly abnormal hippocampus can be
difficult, especially if the mild hippocampal sclerosis is
bilateral. Any technique that has proven of benefit for the
earlier assessment of MTS, or the assessment of more subtle
MTS, is useful in the preoperative work up of epilepsy
patients. Our study was designed to examine the usefulness
and reproducibility of the addition of a T2 relaxometry
sequence to the conventional MR imaging in the assessment
of the hippocampal structures in a clinical setting; in particular in the population of patients that had equivocal hippocampal changes on conventional MR imaging.
MATERIALS & METHODS
A consecutive series of patients that had been referred for
MR imaging with the known diagnosis of epilepsy was studied. Each patient underwent conventional MR imaging as
well as a T2 relaxometry sequence. The images were
reviewed by 2 experienced observers and classified into the
categories of definite, possible, or no hippocampal sclerosis
on the basis of the routine clinical imaging. Patients were
imaged at 1.5 T and 3 T (Infinion, Philips, Cleveland, Ohio).
A series of patients who were referred for MR imaging for
other reasons such as to exclude acoustic neuroma also
underwent the T2 relaxometry sequence in order to obtain a
control population of T2 relaxometry values of "normal"
hippocampi. Both series of data, those with definite (43
patients) and possible (17 patients) hippocampal sclerosis
and the "control" population (79 patients) were studied by 2
experienced observers and an inter and intraobserver variability calculated.
RESULTS
There was good inter and intraobserver concordance in the
measurements of T2 relaxometry in the hippocampi of
patients with and without hippocampal sclerosis at both 1.5
T and 3 T. An ROC curve was constructed for the data for
both 3 T and 1.5 T. The usefulness of the technique in the

Pillai, J. J. · Williams, H. T. · Cheng, D. · Chen, F. K. ·
Politsky, J. · Park, Y. D.
Medical College of Georgia
Augusta, GA
PURPOSE
To compare seizure focus localizing capability of PET/CT to
that of interictal MR diffusion imaging (DI) and ictal SPECT
in temporal lobe epilepsy (TLE) by assessing overall lateralizing ability of these modalities and concordance of findings
on these studies with results of interictal EEG. Although
regional hypometabolism on conventional interictal PET,
regional hyperperfusion on ictal SPECT, and abnormally
increased hippocampal ADC values have been well
described in the TLE imaging literature, comparative analysis of the sensitivity (as assessed by concordance with EEG)
and overall lateralizing ability of these three modalities has
not been performed to date.
MATERIALS & METHODS
A retrospective study of all neurosurgical candidates(n =
21)at our regional academic epilepsy surgery referral center
over a 2-year period with EEG/clinical evidence of TLE who
underwent interictal PET/CT was performed. Nineteen of
these patients also underwent interictal MR diffusion imaging (DI), and this subset was the primary focus of our study.
Six also underwent ictal SPECT imaging. All had structural
MR imaging at 1.5 T with coronal echo-planar diffusionweighted imaging and trace ADC mapping (b of 0, 500, and
1000 s/mm2). Regions of interest (ROI) were drawn within
each hippocampus and amygdala on coronal ADC maps.
Mean ADCs were tabulated and hippocampal ADC values
above 1 x 10-3 mm2/sec were considered abnormal. PET/CT
was performed using 10 mCi F-18 FDG and spiral 2-detector CT, and SPECT with 25 mCi Technetium-99m Bicisate
on a dual-headed gamma camera. Laterality of temporal lobe
(TL) SPECT hyperperfusion and PET/CT hypometabolism
was compared to laterality of increased TL ADC, as well as
interictal EEG and structural MR imaging localization.
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RESULTS
When the entire group of 21 patients was considered,
PET/CT demonstrated the greatest lateralizing ability of any
of the imaging modalities: PET/CT lateralized the seizure
focus in 95.24% (20/21) of cases, compared to 83.33% (5/6)
for ictal SPECT, 61.90% (13/21) for EEG, 57.89% (11/19)
for MR diffusion imaging, and 52.38% (11/21) for structural MR imaging. In addition, PET/CT demonstrated the highest concordance rate for lateralization with interictal EEG of
88.24% (15/17), excluding two cases with normal EEG and
the two cases without DI. Corresponding values for MR diffusion imaging and ictal SPECT were 58.82% (10/17) and
60.00% (3/5), respectively. For the group of 19 undergoing
both PET/CT and DI, the difference in mean ADC values
between normal and abnormal TL was statistically significant (0.92 x 10-3 mm2/sec normal vs 1.14 x 10-3 mm2/sec
abnormal; p < 0.0001). In eight of the 19 cases, no structural abnormality was seen on MR imaging, but in two of these
eight patients, abnormally increased diffusion was noted in
the same TL displaying hypometabolism on PET/CT, and
only in one did EEG lateralize the seizure focus. PET/CT lateralized the seizure focus in all eight cases.

CONCLUSION
Ferumoxides but not ferumoxtran-10 or ferumoxytol in combination with protamine sulfate facilitates leukocyte iron
nanoparticle loading without causing cellular toxicity. As
few as 100 iron-loaded cells can be monitored by MR imaging. These in vivo SPIO labeling and MR cell tracking techniques may provide a useful tool to monitor leukocyte cell
trafficking into the central nervous system.
KEY WORDS: Mononuclear cells, iron oxide, MR imaging

KEY WORDS: Temporal lobe epilepsy, PET/CT, diffusion
Paper 235 Starting at 3:32 PM, Ending at 3:40 PM
In Vivo Iron Nanoparticle Labeling of Leukocytes with
Intravenous Ferumoxides and Protamine Sulfate for
Cellular MR Imaging
Neuwelt, E. A. · Wu, Y. · Varallyay, C. · Muldoon, L. L.

Paper 236 Starting at 3:40 PM, Ending at 3:48 PM
New Insights into NeuroAIDS Using MR Spectroscopy in
an Accelerated AIDS Primate Model
Ratai, E.1 · Lentz, M. R.1 · Pilkenton, S.1 · Greco, J. B.1 · He,
J.1 · Westmoreland, S.2 · Kim, W.3 · Williams, K.3 · González,
G. R.1

Oregon Health & Science University
Portland, OR

1

Massachusetts General Hospital, Charlestown, MA, 2New
England Regional Primate Research Center, Southborough,
MA, 3Beth Israel Deaconess Medical Center, Boston, MA

PURPOSE
Loading cells with ferumoxide superparamagnetic iron
oxide (SPIO) nanoparticles, and tracking their fate in vivo by
high-resolution MR imaging is a useful approach for monitoring cell-based therapies including neuroprogenitor cells,
stem cells, and T cells. The purpose of this study was to
determine if iron oxide MR imaging agents, with or without
protamine sulfate, could in vivo label rat leukocytes through
intravenous (iv) injection and to evaluate imaging of labeled
cells by MR imaging.

PURPOSE
HIV infection can lead to serious neurocognitive disorders
including dementia. While neurologic deficits are related to
neuronal injury and loss, the mechanisms of injury are poorly understood. To elucidate the pathogenesis of HIV-associated CNS injury, we utilized MR spectroscopy (MRS) and
immune cell FACS sorting on an accelerated nonhuman primate model of neuroAIDS.

MATERIALS & METHODS
Female Long Evans rats were injected intravenously with 20
mg/kg of ferumoxides, ferumoxtran-10, or ferumoxytol with
or without protamine sulfate (2 mg/kg). Leukocytes isolated
from the circulation then were fixed for iron histochemistry
or were implanted into the cerebral hemisphere for MR
imaging. Serial MR scans (T1, T2, and GRET2*) were
obtained at multiple time points after cell implantation, followed by iron histochemistry of rat brain.

MATERIALS & METHODS
Eight rhesus macaques were inoculated with SIVmac251
and CD8 lymphocyte depleted. MR imaging and MRS in
three different brain regions were performed before and
approximately every 2 weeks after inoculation.
Subsequently, blood samples were drawn for the determination of monocytes as well as viral loads in the plasma.
Animals were sacrificed when moribund with AIDS. Four of
these SIV-infected, CD8 depleted animals were treated with
highly active antiretroviral therapy (HAART) beginning 28
days after infection.
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CONCLUSION
PET/CT's higher concordance with EEG and greater lateralizing ability compared to MR diffusion imaging, ictal
SPECT, and interictal EEG highlight its increasing diagnostic utility in the preoperative imaging work up of patients
with medically intractable TLE.

RESULTS
Intravenous injection of ferumoxides/protamine complex
resulted in iron labeling of 8.6 ± 0.8% of rat leukocytes compared to ferumoxides alone (4.9 ± 0.6%) or vehicle (0%).
Ferumoxides/protamine complex also significantly
increased the percentage of neutrophils from 28.7 ± 1.1 to
47.4 ± 1.1% and decreased the percentage of lymphocytes
from 65.3 ± 2.9 to 47.8 ± 1.8% without causing significant
cytotoxicity as monitored by pathologic reports. Iron
nanoparticles were found in both kidney and liver after ferumoxides/protamine complex compared to just liver localization after ferumoxides alone. In vivo iron-loaded leukocytes
(1.5-2.1 x 106 total; approximately 1.2-1.7 x 105 labeled with
nanoparticles) were localized and monitored by MR imaging
after intracerebral injection. Signal from labeled lymphocytes progressively faded from immediately after implantation to 1 to 3 days after implantation. Neither ferumoxtran10 nor ferumoxytol with protamine sulfate loaded rat leukocytes with nanoparticles in vivo.
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RESULTS
SIV infection and CD8 depletion resulted in neuronal injury
as detected by a rapid decline in brain N-acetylaspartate/creatine (NAA/Cr) levels (p = 0.03) (Fig A). Within 10 weeks
the four untreated animals developed AIDS and severe SIV
encephalitis. A complete reversal of the NAA/Cr decline (p
< 0.05) was seen in the four animals who underwent therapy. Postmortem examination revealed that the treated animals had no evidence of encephalitis. All animals demonstrated expansion of the activated CD14+/CD16+ monocyte
subset. This expansion was controlled with HAART, causing
a decline of virus in the monocytes and in plasma, and normalization of brain NAA levels. Spearman Rank analysis
demonstrated a statistically significant inverse correlation
between NAA/Cr changes in the frontal cortex and plasma
viral load (Rs = -0.64, ps = 0.01) (Fig B). Additionally, viral
RNA levels in infected CD14/CD16 monocytes also had an
inverse relationship between NAA/Cr in the frontal cortex
(Rs = -0.42, ps = 0.007).

CONCLUSION
The rapidity of neuronal recovery in this model suggests that
there are endogenous mechanisms within the brain that
reverse neuronal injury. The strong salutary effect by antiretroviral drugs that do not cross the blood-brain barrier
strongly supports the hypothesis that brain injury in AIDS is
driven by events outside the brain, that is, the reproduction
of the virus in blood monocytes. We hypothesize that the
extent of neuronal injury is mediated by trafficking of SIV
infected monocytes into the brain and that HAART reduces
monocyte trafficking into the CNS. These observations
explain the clinical success of antiretroviral therapy in reducing the incidence of HIV associated dementia, and have lead
to the development of a model of how neuronal injury is
caused.
KEY WORDS: NeuroAIDS, MR spectroscopy, SIV

Paper 237 Starting at 3:48 PM, Ending at 3:56 PM
Reversibility of Cerebral Focal White Matter Lesions in
Cirrhosis after Liver Transplantation
Rovira, A. · Córdoba, J. · Minguez, B. · Aymerich, X. ·
Huerga, E. · Alonso, J.
Hospital Vall d'Hebron
Barcelona, SPAIN
PURPOSE
Results from experimental and clinical studies indicate that
patients with liver cirrhosis have mild diffuse brain edema,
even in the absence of hepatic encephalopathy. The most
accepted hypothesis for this condition is that astrocytic accumulation of glutamine induces edema as a result of ammonia
detoxification (cytotoxic edema). This explanation is supported by MR imaging findings of brain organic osmolyte
changes and diffuse white matter signal abnormalities in
patients with chronic liver disease, which return to normal
with restoration of liver function. Nevertheless, no studies
have evaluated specifically the presence and evolution of
focal white matter lesions in these patients. The aim of this
study was to investigate potential changes in T2-weighted
focal lesion load in the brain of cirrhotic patients after liver
transplantation and assess the relationship between these
changes and overall cognitive function.
MATERIALS & METHODS
We used MR imaging to measure the total volume of supratentorial focal white matter lesions in 30 patients with liver
cirrhosis 4 to 6 weeks before liver transplantation using a
semiautomatic segmentation technique (DISPImage program) performed by a trained technician. None of the
patients showed signs of overt hepatic encephalopathy; all
were perfectly alert, without flapping tremor, and oriented in
space, person, and time. All patients underwent neuropsychological assessment, consisting of a short battery of tests
designed to give a general assessment of neuropsychological
function and to detect the most frequently impaired functions. The results of the neuropsychological tests were combined into a single general index we have termed overall
cognitive function. In 27 of these patients brain MR imaging
and neuropsychological assessment were repeated 6 to 12
months after liver transplantation. The study could not be
repeated in the three remaining patients because of death (n
= 2) or a clinically unstable condition (n = 1).
RESULTS
Baseline MR examination identified focal T2-weighted
lesions in 20 patients (66.6%). This group was significantly
older than those who presented normal brain MR scans (60.2
vs 46.1 years; P = .001). No significant differences were
observed between the groups in cardiovascular risk factors
or biological parameters of liver dysfunction. Baseline T2
lesion load showed a significant correlation with overall cognitive function (r = -.710; P < .0001). A significant reduction
in T2 lesion load was observed after liver transplantation
(28% decrease; Wilcoxon test P = .001). The T2 lesion load
decrease correlated significantly with an improvement in the
overall cognitive function (r = -.663; P = .002).
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CONCLUSION
Focal signal changes on brain MR imaging are common in
patients with liver cirrhosis. These abnormalities are partially reversible after liver transplantation and the changes correlate significantly with overall cognitive function improvement. This observation can be explained by the presence of
focal brain edema in areas with a special vulnerability, probably induced by the presence of age-related microvascular
changes.
KEY WORDS: Hepatic encephalopathy, MR imaging
Paper 238 Starting at 3:56 PM, Ending at 4:01 PM
Reversible Diffuse Restricted Diffusion: Case Series,
Imaging Findings, and Differential Diagnosis
Paylor, R. T. · McKinney, A. · Yost, R. · Kieffer, S.
University of Minnesota
Minneapolis, MN

MATERIALS & METHODS
This preliminary work examines a series of 20 cases
[methotrexate, 5-fluorouracil, tacrolimus or fludarabine (n =
6), carbon monoxide (CO, n = 2), metronidazole (n = 3),
hypertensive/renal failure patient on multiple medications (n
= 1), subacute phase of diffuse hypoxic ischemic
encephalopathy (HIE, n = 2), adrenal leukodystrophy (n =
4), and metachromatic leukodystrophy (n = 2)]. Cases of
leukodystrophy and subacute phase HIE demonstrate irreversibly restricted diffusion, but are being included in this
series as potential “mimickers” of other reversible etiologies,
necessitating proper clinical histories in these cases.
RESULTS
Each case presented with bilaterally symmetric diffusion
restriction abnormalities in the deep white matter of the centrum semiovale, corona radiata and splenium and genu of the
corpus callosum. Follow up was obtained in 12 cases, with
pathologic correlation at autopsy in an eleventh case (related
to methotrexate toxicity). The pathologic cause of restricted
diffusion in the latter case was thought secondary to
intramyelinic edema rather than parenchymal infarction.
Follow-up studies of cases of multiple medications and
chemotherapy and CO-related diffusion abnormalities (n =
6) were reversible with only minimal residual T2 hyperintensity in the involved areas, and neurologic improvement in
these cases. The pathophysiology in these cases of potentially reversible deep white matter diffusion-weighted imaging
(DWI) abnormalities may be different than that of posterior
reversible encephalopathy syndrome (PRES), given different
imaging findings (cortical and subcortical rather than deep
white matter involvement), although at least one case in this
series had overlap of both reversible deep white matter and
cortical/subcortical DWI abnormalities.

CONCLUSION
Diffusion-weighted imaging has revolutionized the evaluation of acute cerebral pathology, and is employed most commonly in the setting of irreversible acute cerebral infarction.
However, as the utilization of DWI increases, the list of disease processes demonstrating restricted diffusion abnormalities is continuously expanding. Sixteen cases with presenting findings of diffuse bilaterally symmetric restricted diffusion are presented here, with follow-up MR imaging of
brains in 10 cases. Each of the follow-up cases demonstrates
partial to near complete reversible restricted diffusion abnormalities and improved clinical examinations. The term
“reversible acute diffuse (or disseminated) leukoencephalopathy (RADL)” is being proposed for this imaging
appearance.
KEY WORDS: Diffusion-weighted imaging, restricted diffusion, reversible restricted diffusion
Paper 239 Starting at 4:01 PM, Ending at 4:06 PM
Nodular Leptomeningeal Enhancement in Acute
Presentation of PRES
Bartlett, E. S.1 · Noel de Tilly, L.2 · Walker, M.1 · Yu, E.3
1

Northwestern University, Chicago, IL, 2St. Michael's
Hospital, Toronto, ON, CANADA, 3Princess Margaret
Hospital, Toronto, ON, CANADA
PURPOSE
To demonstrate a case of nodular leptomeningeal enhancement secondary to acute presentation of PRES (posterior
reversible encephalopathy syndrome) in a patient with
relapsed acute myelogenous leukemia (AML).
MATERIALS & METHODS
A 28-year-old female presented with relapsed AML that was
diagnosed initially in January 2005. She was admitted 179
days status post allogenic bone marrow transplant and induction chemotherapy with an acute exacerbation of her chron-
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PURPOSE
Processes demonstrating bilaterally symmetric, potentially
reversible restricted diffusion limited to the deep white matter are not fully understood yet. The intent of this work is to
enhance the differential diagnosis for this particular imaging
appearance, so as to aid in diagnosis of these disease
processes.
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ic graph-versus-host disease affecting her skin and liver.
Neurology reported a baseline hepatic encephalopathy that
was stable. Medications included tacrolimus (maintained at
normal therapeutic levels), high-dose steroids, various antifungal and antiviral treatments secondary to her underlying
neutropenia, and treatment for her hepatic encephalopathy.
While receiving treatment, she experienced a 2-minute period of unresponsiveness with upper extremity and facial
twitching which prompted an MR imaging exam that was
performed later that same day. Her blood pressure following
the seizure was 148/108 mmHg. Her baseline blood pressure
ranged from systolic 106-140 mmHg, and diastolic 63-86
mmHg. Prior to this episode, she experienced two other short
episodes of elevated blood pressure with a prior maximum of
137/95 mmHg. EEG after the seizure showed only slowing
of normal brain waves. Cerebospinal fluid (CSF) analysis
showed no CD45+ cells and no myoblast populations; no
evidence of CSF involvement from her recurrent AML.
RESULTS
Initial noncontrast head CT showed bi-occipital subcortical
white matter low densities. MR imaging showed symmetrically increased T2/FLAIR signal in the cortex and subcortical white matter of the occipital, parietal, and frontal lobes.
There was corresponding nodular leptomeningeal enhancement in the occipital, parietal, and frontal lobes. The ADC
images were normal. Follow-up MR imaging showed resolution of the T2/FLAIR signal abnormalities and resolution
of the abnormal enhancement, confirming the diagnosis of
PRES.

CONCLUSION
Abnormal contrast enhancement can occur in the acute setting of PRES. The majority of reported PRES cases with
enhancement are cases of subacute enhancement secondary
to complications from PRES such as infarction. Clinical history is essential to the correct diagnosis of unusual enhancement patterns in a potential case of acute PRES. This is especially important in patients with an underlying disease
process that also may have unusual patterns of enhancement.
KEY WORDS: PRES, nodular leptomeningeal enhancement,
AML

Paper 240 Starting at 4:06 PM, Ending at 4:11 PM
MR Angiographic Demonstration of the Hyperplastic
Anterior Choroidal Artery
Antonietti, L. C. L. · Wintermark, M. · Glastonbury, C. M.
University of California San Francisco
San Francisco, CA
PURPOSE
A hyperplastic anterior choroidal artery (AChorA) supplying
part of the posterior cerebral artery (PCA) territory is a rarely
described vascular anomaly, which has been classified into
four subtypes based on angiographic analysis. We present
two cases of hyperplastic AChorA identified on MR angiography (MRA).
MATERIALS & METHODS
Anomalous hyperplastic AChorAs were discovered on 3D
time of flight MRA for the evaluation of the circle of Willis,
and were thought to be incidental to the patients’ presentations. Case 1: A 24-year-old man with peripheral T-cell lymphoma presented with neutropenic fever. A large left posterior communicating artery (PCOM) was present which united
with P1 to form P2, which subsequently branched into posterior temporal arteries. A second artery of similar caliber to
the PCOM was identified arising from the supraclinoid internal carotid artery (ICA) distal to the origin of the PCOM.
This hyperplastic AChorA coursed posteriorly, parallel to the
PCOM and PCA, giving rise to parieto-occipital and calcarine arteries (Fig 1). Case 2: A 7-year-old boy with a family history of arteriovenous malformations presented with
headaches. On the left, a prominent PCOM was present
which united with P1 to form a hypoplastic P2, supplying the
cerebral peduncle only. An additional artery was identified
arising from the supraclinoid ICA distal to the origin of the
PCOM, a hyperplastic AChorA, which gave rise to the PCA
(Fig 2).
RESULTS
The AChorA most commonly arises from the supraclinoid
ICA distal to the PCOM, following the course of the optic
tract initially, and then passing through the choroidal fissure
to terminate in the choroid plexus of the lateral ventricle. In
up to 1% of patients, the AChorA is enlarged and supplies
all, or a portion of, the PCA territory. Takahashi describes
four subtypes, according to the course and distribution of the
hyperplastic AChorA vessel. Our first case is an example of
Takahashi’s type 3 hyperplastic AChorA, an anomalous
artery supplying the parieto-occipital and calcarine arteries.
Case 2 represents a type 4 hyperplastic AChorA, which
almost completely replaces the original PCA.
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CONCLUSION
With the increasing utilization of CTA and MRA for primary
evaluation of the intracranial vasculature, radiologists must
make themselves familiar with anatomical variants that
explain altered vascular territories and that may alter surgical or interventional approach to an intracranial lesion. We
present the MRA demonstration of two cases of hyperplastic
AChorA, representing type 3 and 4 Takahashi anomalies.
KEY WORDS: Vascular anomaly, MR angiography, anterior
choroidal artery
Paper 241 Starting at 4:11 PM, Ending at 4:16 PM
Perfusion and Diffusion Tensor Imaging in a Patient with
Locked-In Syndrome after Neurosurgical Vascular
Bypass and Endovascular Embolization of a Basilar
Artery Aneurysm
Lui, Y. W. · Law, M. · Douglas, A. · Jafar, J. J. · Nelson, P. K.
New York University Medical Center
New York, NY

MATERIALS & METHODS
A fifty-seven-year-old man who presented with acute onset
headache, ataxia, and other nonspecific symptoms was
found on imaging to have a giant fusiform basilar artery
aneurysm. After discussion of the risks and benefits, a decision was made to proceed with combined surgical and
endovascular treatment. A saphenous vein bypass graft
between the proximal right external carotid artery and P2
segment of the right posterior cerebral artery followed
immediately by endovascular embolization of the aneurysm
sac and distal left vertebral artery was performed.
RESULTS
Postprocedural angiography demonstrated patency of the
bypass graft and diffusion-weighted imaging showed no evidence for acute brainstem infarction. Nevertheless, despite
technically successful procedures and the absence of abnormalities on conventional MR imaging, the patient developed
quadriplegia and anarthria and remained in a locked-in state
until he expired. Abnormalities were, however, seen on both
perfusion and diffusion tensor imaging, where hypoperfusion, increased mean diffusivity, and decreased fractional
anisotrophy were observed in the ventral brainstem. The
findings suggested a disruption of pontine white matter
tracts.

KEY WORDS: Aneurysm, diffusion tensor imaging, lockedin
Paper 242 Starting at 4:16 PM, Ending at 4:21 PM
Cerebral Aneurysm Identified on CTA and Not on
Conventional Angiography Due to Interval Thrombosis
Anderson, J. C. · Riccelli, L. P.
Oregon Health & Science University
Portland, OR
PURPOSE
To present a case of anterior communicating aneurysm seen
on CT angiography and subsequently not visualized on conventional angiography, which was clotted at surgery.
MATERIALS & METHODS
A 59-year-old male presented to an outside emergency room
with sudden severe headache and demonstrated subarachnoid hemorrhage on CT scan. Within 10 hours he was transferred to our institution, a CT angiography was performed.
Less than 6 hours later a conventional arteriogram was performed.
RESULTS
The CT angiogram revealed a contrast-enhancing 4 mm
anterior communicating artery aneurysm. The conventional
arteriogram could not confirm this finding. The patient was
taken to the operating suite and craniotomy performed with
clipping of anterior communicating aneurysm that was noted
to be clotted.
CONCLUSION
CT angiography is being used to a greater extent for initial
evaluation for cerebral aneurysm. Although still considered
the gold standard, DSA does have a false negative rate of 510%. This is often attributed to the inability to obtain a projection that fully demonstrates an aneurysm. However,
aneurysms that either contain acute or chronic clot also contribute to this false negative rate. Although CTA is reported
to be able to identify some thrombosed aneurysms; in this
case the aneurysm appears to have undergone an acute
thrombosis in the time interval between the CTA and DSA.
It is important to be aware of this potential false negative in
evaluation for cerebral aneurysms for all modalities.

Wednesday

PURPOSE
Locked-in syndrome is a state of preserved consciousness in
the setting of quadriplegia, anarthria, and usually also
includes lateral gaze palsy. It is most commonly associated
with upper brainstem infarction variably sparing the third
cranial nerve nucleus. There are likely many etiologies
which contribute to this clinical syndrome. These are understood incompletely and the syndrome remains a rare but devastating complication that can occur after neurosurgical and
neurovascular interventions. Advanced MR techniques such
as perfusion and diffusion tensor imaging may help to elucidate the mechanism behind locked-in syndrome. A postprocedural case of locked-in syndrome is described with abnormalities on perfusion and diffusion tensor imaging in the
absence of any changes in conventional MR imaging.

CONCLUSION
Advanced imaging techniques may allow us to image important microstructural changes which previously were not discernable and assist in the evaluation of patients with complex neurologic sequelae such as locked-in syndrome.
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Paper 243 Starting at 4:21 PM, Ending at 4:26 PM
Developmental Venous Anomaly with Thrombosis of the
Draining Vein
Walsh, M. A. · Parmar, H. A. · Mukherji, S. K.
University of Michigan
Ann Arbor, MI
PURPOSE
To present and discuss the imaging features of an unusual
case of a developmental venous anomaly with thrombosis of
the draining vein.
MATERIALS & METHODS
A 38-year-old male without significant past medical history
was found unresponsive by his wife. Initial examination
demonstrated right facial droop, decreased touch and pressure sensation over anterior aspect of his tongue and mild
dysarthria. All symptoms resolved within 24 hours.
RESULTS
Noncontrast head CT demonstrated a left frontal lobe linear
high-attenuation structure extending from the lateral ventricular margin to the cortex. On MR imaging this lesion was
hypointense on T2 and FLAIR and mildly hyperintense on
T1, corresponding to the linear hyperdensity on CT. The
lesion demonstrated susceptibility on diffusion-weighted
imaging with “blooming” on gradient-echo images. No flow
or contrast enhancement was seen within this linear structure
on the time of flight and contrast-enhanced MR venography
suggesting thrombosis. There were multiple enhancing vessels adjacent to this abnormality in the characteristic “caput
medusa” configuration of a development venous anomaly.
No other parenchymal abnormalities were seen. Based upon
the imaging findings the diagnosis of a developmental
venous anomaly with thrombosis of the draining vein was
made.

CONCLUSION
Developmental venous anomalies are the most frequently
encountered cerebral vascular malformation with a reported
incidence of 2.6%. While these are often incidental findings
and considered unlikely to become symptomatic, intracranial
hemorrhage has been reported, especially when associated
with cavernomas. Nonhemorrhagic ischemia associated with
a developmental venous anomaly rarely has been reported in
the literature with the suggested etiology being thrombosis
of the draining vein. Our case demonstrates that although
developmental venous anomalies are generally benign and
incidental findings, they rarely can cause nonhemorrhagic
ischemic complications. This possibility must be entertained
in appropriate clinical setting as it can be diagnosed reliably
with contrast-enhanced MR imaging.
KEY WORDS: Developmental venous anomaly, MR imaging
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Wednesday Afternoon
4:35 PM - 6:05 PM
Room 5AB
(51) Head & Neck New Technology
(ASHNR)
Multi-Slice CT in Head and Neck Imaging
— Lawrence E. Ginsberg, MD
3 T Applications in the CPA, IAC, Inner Ear and
Skull Base
— Suresh K. Mukherji, MD

Pitfalls in PET-CT of the Head and Neck
— Carolyn C. Meltzer, MD
Moderator:

Lawrence E. Ginsberg, MD

Multi-Slice CT in Head and Neck Imaging
Lawrence E. Ginsberg, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the basics of multidetector CT and differences
from earlier CT technology.
2) Demonstrate situations in which multidetector technology
may distract from accurate diagnosis, or contribute to image
glut.
3) Illustrate the ways in which multidetector CT can improve
and facilitate head and neck imaging.
PRESENTATION SUMMARY
Unlike prior CT scanners, multidetector row CT machines
employ multiple detector rows along the z-axis (the long axis
of the table), allowing simultaneous acquisition of different
data sets, all of which contribute to each CT slice. As such,
far more data is obtained for every turn of the gantry than
could be obtained with earlier generation scanners. The main
advantage of this technology is the rapidity with which very
thin CT slices may be acquired, and the various reconstructions that may be derived from these thin slices. The days of
placing patients into uncomfortable prone or head hanging
positions to obtain coronal images is approaching a well
deserved end. With multidetector CT scanners, imaging in
the axial plane alone can provide all the data necessary to

3 T Applications in the CPA, IAC, Inner Ear and Skull
Base
Suresh K. Mukherji, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss Imaging straties for 3 T imaging fo the IAC.
2) Summarize the advatages and pittfalls for skull base imaging at 3 T.
3) Demonstrate high resolution imaging of the inner ear.
PRESENTATION SUMMARY
The intent of the presentation is to review the imaging stratgies for inner ear and skull base imaging at 3 T. We will present high resoltion images of the inner ear and skull base. A
review of the advantages and pittfalls of imaging the skull
base will be discussed

Wednesday

PET-CT in Head & Neck SCCa: An Overview
— Laurie A. Loevner, MD

reconstruct high-resolution images in nearly any desired
plane or slice thickness. This obviously has implications for
head and neck sites such as the temporal bone, sinonasal
cavity, orbits, skull base, and possibly others. These reconstructions have utility beyond simple diagnosis. Diagnosis is
of course facilitated in certain circumstances, by the use of
multiplanar 2D, usually coronal, and sometimes sagittal,
reformatted images. Beyond that, multidetector row technology allows the generation, typically on separate workstations, of volume-rendered 3D images, often very life-like in
appearance, with color-coding of anatomy, that are being
warmly received by surgeons for purposes of treatment planning. Some decision-making is necessary in order to avoid
becoming inundated with the amount of images that can be
generated using multidetector technology. Should reconstructions be obtained in every case, and how would this
impact throughput and technologist staffing on a busy head
and neck service? Each institution must determine for themselves when reconstructed images should be performed. For
instance, if one is obtaining a routine neck CT on a lymphoma patient, should one acquire multiplanar reconstructed
images? Probably not, as it might waste valuable tech time,
entail the need to review far too many images, and may
require unnecessary billings for arguably very little additional diagnostic data. Obviously, say, for an early stage glottic
cancer, reconstructed oblique axial images through the plane
of the vocal cord might be very useful. Likewise, no one
would argue against the utility of coronal and sagittal images
in a skull base, sinonasal, or temporal bone case. Many other
gray areas will arise in between some of these extremes, but
depending on how the raw images are obtained, the data
might be available to generate required reconstructed images
should they be deemed relevant. This presentation will
address these issues, with many clinical examples drawn
from a busy head and neck cancer service, and also will
cover some of the pitfalls that may occur while using multislice CT technology.
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PET-CT in Head and Neck SCCa: An Overview

Pitfalls in PET-CT of the Head & Neck

Laurie A. Loevner, MD

Carolyn C. Meltzer, MD

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Propose potential applications of PET/MR fusion.
2) Discuss indications and limitations of PET in the clinical
assessment of head and neck cancer.
3) Discuss future directions of PET/CT.
4) Illustrate the complimentary roles of cross-sectional
imaging (CT and MRI) and PET in the assessment of cancer.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the appearance of physiologic and iatrogenic
sources of artifact on combined PET/CT imaging of head
and neck.
2) Enhance the reader's confidence in interpreting PET/CT
images.

PRESENTATION SUMMARY
One of the largest dilemmas facing clinicians that treat head
and neck cancer is in distinguishing treatment sequela
(inflammation, radiation changes) from recurrent neoplasm.
Other questions include “is a treatment working?,” “is additional treatment needed?,” and “what type of surveillance
imaging should be obtained?” The ability to fuse functional
data (PET) with anatomical data (CT or MR imaging) has
improved the accuracy of imaging. Many issues remain to be
firmly established such as when to do follow up CT/PET in
the treated neck, and what the role of surveillance imaging
is. Optimal timing of imaging requires a balance between
many competing factors that include waiting sufficient time
to minimize false positive studies due to treatment-related
inflammation, while at the same time not missing the window of opportunity for surgical intervention. All of these
effects are distributed on a bell-shaped curve and are on a
temporal continuum. Guidelines will continue to evolve with
our experience. Some recommendations for CT/PET in the
treated neck: 1) Get baseline pretherapy CT/PET; 2)
Following surgery, wait at least 6 to 8 weeks; 3) Wait at least
3-4 months following irradiation: a. Compare before to after
SUVs, but do not rely on absolute SUVs as they are variable
between equipment and protocols, b. Early scanning sensitivity is high, specificity low. Specificity will increase with
time, but not fully at optimum until 6-12 months postirradiation; 4) Surveillance imaging: baseline pretherapy CT/PET,
and CT/PET at 4 months and 8 months following therapy.
Correlation with history, physical examination, surgical and
pathology reports may help in differentiating residual disease from posttreatment uptake. Close follow-up imaging
may be necessary.
REFERENCES
1. Goerres GW, Schmid DT, Bandhauer F, et al. Positron emission
tomography in the early follow-up of advanced head and
neck cancer. Arch Otolaryngol Head Neck Surg 2004;130:105109
2. Greven KM, Williams DW, 3rd, McGuirt WF, Sr., et al. Serial
positron emission tomography scans following radiation
therapy of patients with head and neck cancer. Head Neck
2001;23:942-946
3. Porceddu SV, Jarmolowski E, Hicks RJ, et al. Utility of positron
emission tomography for the detection of disease in residual
neck nodes after (chemo)radiotherapy in head and cancer.
Head and Neck 2005;27:175-181
4. Rogers JW, Greven KM, McGuirt WF, et al. Can post-RT neck
dissection be omitted for patients with head-and-neck cancer
who have a negative PET scan after definitive radiation therapy? Int J Radiat Oncol Biol Phys 2004;58:694-697

Wednesday Afternoon
4:35 PM – 6:05 PM
Ballroom 6ABCF
(52) Aneurysm Therapy in Children
and Adults (ASITN)
Pediatric Intracranial Aneurysms: Treatment
Strategies
— Van V. Halbach, MD
Imaging Follow Up of Indovascular Procedures:
CTA and MRA
— Lawrence N. Tanenbaum, MD
Bare Metal Versus Bioactive Coils: What We Do
and Do Not Know
— Harry J. Cloft, MD, PhD
Moderator:

Harry J. Cloft, MD, PhD

Pediatric Intracranial Aneurysms: Treatment Strategies
Van V. Halbach, MD

Imaging Follow Up of Indovascular Procedures: CTA
and MRA
Lauwence N. Tanenbaum, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Choose the appropriate imaging parameters for MRA for
the evaluation of patients with endovascular procedures.
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2) Define the role of CTA in the evaluation of patients with
endovascular procedures.
3) Choose the appropriate imaging parameters for CTA for
the evaluation of patients with endovascular procedures.
4) Define the role of MRA in the evaluation of patients with
endovascular procedures.
PRESENTATION SUMMARY
The presentation will consist of a discussion of the clinical
roles of CT angiography and MR angiography in the evaluation of patients with treated vascular lesions. The essential
principles and optimal protocols for the performance of multichannel CTA and 1.5 T - 3 T MRA will be described.

Bare Metal Versus Bioactive Coils: What We Do and Do
Not Know
Harry J. Cloft, MD, PhD

PRESENTATION SUMMARY
Physicians worldwide currently are spending millions of
dollars of other people's money for endovascular coils that
commonly are called “biologically active.” I fear that too
few of these physicians have paused to consider what the
term “biologically active” actually means and why they are
spending so much money for these coils. I therefore suggest
that we critically examine the term “biologically active.”
Let’s start with “biologically.” Based on my studies of several dictionaries, I propose that we define “biologically” as
“in a manner related to a living organism.” I will similarly
propose that we define “active” as “causing change.”
Clearly, these terms are extremely broad. Combining the two
words together as “biologically active,” we still are left with
an extremely broad term that might be most simply defined
as “causing change in a living organism.” The term “biological activity” is thus so broad as to be almost useless. When
the term “biologically active” is used in reference to
endovascular coils for cerebral aneurysm therapy, I think
that it is intended to mean “eliciting more of a tissue
response than platinum.” While this definition of biological
activity is a bit less broad, it is still so broad that it is nearly
useless as a scientific term. Yet, it appears to be rather useful
as a marketing term. It remains unknown exactly what the
tissue response to a “biologically active” coil should ideally
be to make it more efficacious than platinum. It will only be
known post hoc (i.e., after a device is shown to safely reduce
aneurysm recurrences and rehemorrhage, then we will know
that it generates a favorable tissue response). In the meantime, theoretically beneficial “biological activities” such as
inflammation, fibrosis, neointima formation, and endothelialization are proposed.

4:50 PM – 6:20 PM
Ballroom 6DE
(53) Advanced Imaging Seminar – 3 T
and Parallel Imaging
SENSE and Non-SENSE: The Basics of Parallel
Imaging
— Christiane K. Kuhl, PhD
3 T vs 1.5 T: Theory
— Timothy P.L. Roberts, PhD
3 T vs 1.5 T: Clinical Reality
— David J. Mikulis, MD
Moderators:

Timothy P.L. Roberts, PhD
Aaron S. Field, MD, PhD

SENSE and Non-SENSE: The Basics of Parallel Imaging
Christiane K. Kuhl, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) List clinical applications which will not benefit from the
use of parallel imaging.
2) Explain how parallel imaging works.
3) Identify useful clinical applications.
4) Explain differences compared with sequential phase encoding.
PRESENTATION SUMMARY
Up to now, increasing gradient strength has been the only
strategy to meet the increasing demands of advanced diagnostic imaging applications. Yet, this strategy is limited by
physical, economical, and medical considerations:
Increasing gradient strength is technically difficult, it is associated with significant hardware costs, and goes along with
the risk to induce unwanted side effects such as peripheral
neuro-stimulation. With the advent of parallel imaging techniques like SENSE, this dilemma can be overcome. In parallel imaging, phase encoding steps are replaced by exploiting
the spatial information that is inherent to the spatially variable sensitivity of an array of surface coils. Several different
techniques for parallel imaging have been proposed by different MR system vendors (ASSET, IPAT, SENSE); they
currently allow a reduction of phase encoding steps by a
reduction factor of 2 to 6 (and recently even higher). The
SENSE-mediated reduction of acquisition time can be used
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the issue of aneurysm recurrence.
2) Illustrate the effect of bioactive coils on recurrence.
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for an improved temporal or spatial resolution of any given
pulse sequence, without change of image contrast. The prerequisite for using SENSE is the availability of multi-element coils that are placed exactly in parallel to each other. In
addition to the mere increase of image acquisition speed, the
reduction of phase-encoding steps brings about two further
advantages that are particularly, but not only, important for
high field MRI: First, in single-shot EPI applications that are
usually used for e.g. Diffusion Imaging, Diffusion Tensor
Imaging or for functional BOLD-contrast MR studies,
SENSE helps to shorten the echo train length in proportion
to the reduction factor. The considerably shorter echo train
reduces the accumulation of phase errors during the EPI
readout and, accordingly, reduces susceptibility effects like
image distortions and blurring. In addition, the shorter echo
train translates into a significantly higher SNR compared to
sequentially phase encoding. Second, parallel imaging helps
reduce RF deposition (regular phase encoding requires an
RF puls for every step) - this proves extremely helpful for
high field imaging, where, due to the higher SAR (specific
absorption rate), most pulse sequences need to be “slowed
down” to avoid excessive heating of the patient. Using
SENSE is associated with a 30% SNR penalty - at 1.5 T, its
use is therefore confined to applications or pulse sequences
with high inherent SNR, like MRA studies. For high field
MRI, the SNR loss due to SENSE is not important.

convergence) of tissue T1s, the shortening of T2*, increased
spectral separation and increased RF power deposition. This
means that protocols must be reevaluated on making the
transition from 1.5 T to 3 T. Given the potential increase in
SNR offered by higher field MRI, a few housekeeping decisions remain: what to do with the extra potential SNR? Four
conceptual options are offered:
Keep it - better SNR
Spend it - spatial or temporal resolution (or patient comfort)
Invest it - combine with T1 lengthening etc. to find “superadditive” benefits
Waste it - ignore T2* shortening, SAR limits etc.
These will be discussed in the context of improving image
quality, reducing scan times to below physiologically critical
times, increasing tag persistence in arterial spin labeling,
reducing contrast agent dose in Gd-perfusion studies, reducing TE (reducing magnetic susceptibility “artifact”) in Gdperfusion studies, additional resolved resonances in magnetic resonance spectroscopy and SAR-based limitations to fast
spin echo, true-FISP (FIESTA, bFFE) and multislice extent.
Finally the natural partner to higher field imaging - parallel
imaging with multiple RF coils, using the principles of sensitivity encoding - will be discussed in its synergistic capacity offering possible solutions to some of the drawbacks of
high field (e.g. by reducing the number of RF pulses needed,
ameliorating the SAR concern), while itself benefiting from
the increased SNR (compensating for one of the main limitations of parallel imaging).

3 T vs 1.5 T: Theory
Timothy P. L. Roberts, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Discuss the synergistic role of parallel imaging (SENSE,
ASSET, iPAT) at higher field strengths.
2) Illustrate the basic SNR motivation for high field MRI.
3) Define applications that BENEFIT from combinations of
the above - e.g. arterial spin labeling, bolus tracking perfusion and 3D MRSI.
4) Illustrate the increase in T1, decrease in T2* and increased
spectral separation at high field.
PRESENTATION SUMMARY
We are witnessing a major trend in MRI - namely the clinical realization of high field (3 T) systems as additions to, or
replacements for, existing 1.5 T installations. There are a
number of features of higher field imaging that are worth
consideration in attempting to achieve the hoped-for benefits
associated with increasing field strength. Furthermore, there
are several situations, where a combination of high field features offers “super-additive” advantage. On the other hand,
there exist a number of potential drawbacks, that must be
recognized and avoided in order not to lose the advantages
high field imaging offers. Fundamentally, the appeal of higher field MRI is driven by basic spin physics (Boltzmann statistics) predicting that the “signal” contribution to the collected data increases approximately as the square of the field
strength, while the “noise” increases approximately linearly
- in a nutshell, (potential) signal to noise ratio increases
approximately linearly with field strength - doubling from
1.5 T to 3 T. However, other issues are affected by increasing field strength - including the general lengthening (and

3 T vs 1.5 T: Clinical Reality
David J. Mikulis, MD
LEARNING OBJECTIVES:
Upon completion of this presentation, participants will be
able to:
1) Illustrate the advantages and disadvantages of 3 T compared to 1.5 T MRI systems.
PRESENTATION SUMMARY
3 T MRI comes at a premium price. The cost can be anywhere from 70 to 100% higher than that of a 1.5 T system. Is
3 T MRI living up to its promise? Image quality is seductively but not strikingly better. Can SAR limitations be managed so that clinical scanning is not adversely affected? Yes.
Can we make diagnoses at 3 T that were not made at 1.5 T?
Yes, but not commonly. Are there improvements in functional imaging? Definitely. The answer as to whether 3 T is
worth the extra cost therefore depends on how the system is
used. If used in a standard clinical setting where functional
imaging is rarely applied, then the answer is probably no,
although large-scale outcome studies would be needed to
answer this question definitively. If functional imaging
sequences are translated into clinical protocols, or if considerable MRI research is being performed, then the answer
appears to be yes. Examples of these benefits will be shown
and discussed.
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Wednesday Afternoon
5:00 PM – 6:00 PM
Room 2
(54) NLM Workshop:
PubMed/MedlinePlus Advanced Tips
and Tricks
— Maryanne Blake
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NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.

Thursday Morning

Thursday Morning

8:00 AM – 9:00 AM
Ballroom 6ABCF

9:00 AM – 10:00 AM
Ballroom 6ABCF

(55) Maintenance of Certification
(MOC ) – Brain Review Session –
Audience Response System (ARS)*

(56) General Session: Advanced CT
and MR Imaging of Acute Stroke: The
Key to Guide Therapy – Audience
Response System (ARS)*

 Mauricio Castillo, MD, FACR
Moderator:

Mauricio Castillo, MD, FACR

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the Maintenance of Certification
(MOC) Review Sessions.

Advanced CT Imaging of Acute Stroke
 Allan J. Fox, MD, FRCPC, FACR
Advanced MR Imaging of Acute Stroke
 Pamela W. Schaefer, MD
Acute Stroke Decisions and Outcomes Based on
CT/MR Stroke Imaging
 Andrew Demchuk, MD
Moderator:

Allan J. Fox, MD, FRCPC, FACR

Advanced CT Imaging of Acute Stroke
Allan J. Fox, MD, FRCPC, FACR
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Explain the up-to-date use of hypepracute CT stroke
imaging protocols
2) Discuss the believe that CT stroke protocals are the current state-of-the-art since the anatomic and physiological
information that they provide availability in seconds for
treatment decision-making.
PRESENTATION SUMMARY
Until acute stroke could be treated, imaging just excluded
stroke mimickers, intracerebral hemorrhage, subdural
hematoma, and tumors. With revascularization for acute
stroke (1, 2, 3),“Time is Brain” became the management
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*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology for the General Session.
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rule. MRI advanced in the 1990s with sequences like DWI
and MR-P, with protocols for anatomic and physiologic
imaging in <10 minutes. CT recently advanced substantially
with protocols (4) of non contrast CT, CTA (neck and head),
CT-P (5), and post contrast CT are done in ~1 minute total
scanning. Cerebral Blood volume (CBV) appears to show
brain infarction, and a mismatch with cerebral blood flow
(CBF) shows brain at risk. CT and MRI stroke protocols are
not the same. The main difference is that magnetic environments need safety checklists and magnetic-safe equipment
and monitors. The time to scan patients in most magnets is
problematic for acute stroke. Minutes lost spell more neurons sacrificed. Sites championing acute stroke management
with state-of-the-art MR often decide on tPa merely using
non-contrast CT, the level of decision-making of 1995 (1, 2,
3). At such sites, standard and investigative MR is often done
after stroke treatment begins. Effectively, patients have
physiological imaging after treatment is initiated. Contrarily,
non-contrast CT, post contrast CT, and CT-P work to immediately show infarction, hemorrhage, brain at risk, and vessel occlusions for initial treatment planning. New outcome
research needs to confirm the value of all these different
imaging approaches. State-of-the-art acute stroke imaging in
the 1990s was MR-based. The new state-of-the-art advancement seems to be CT-based because CT can quickly interrogate brain, vessels, and physiology. This is incredible since
everyone predicted the death of CT fifteen years ago. Time
lost prior to initiating revascularization decreases the proportion of patients with useful outcome. “Time is Brain” still
guides acute stroke management. Time for MR magnet safety elevates CT protocols to be determinants to enable treatment decisions. MR protocols provide superlative information with timelines contrary to treatment with best outcomes.
We are fortunate to be working in a field with continued
extraordinary technical development and clinical advancement. Current comments on current practice are time-limited. Who knows what the next levels of advancement will be?
Might MR ever be safely used without caring about magnetic precautions?
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Paper 244 Starting at 10:30 AM, Ending at 10:38 AM

Kaufmann, T. J. · Ding, Y. · Bernstein, M. A. · Huston, J. ·
Kallmes, D. F.

CONCLUSION
Susceptibility artifacts were greater with 1.5 T MRA than
with 3.0 T MRA using our MR imaging protocols. These
susceptibility effects may hinder evaluation of coiled
aneurysms to a greater extent at 1.5 T than at 3.0 T, depending on how MRA is performed. Susceptibility effects related
to greater field strength at 3.0 T appear to be mitigated by the
effects of smaller voxel size and shorter TE.

Mayo Clinic
Rochester, MN

KEY WORDS: Aneurysm, MR angiography, embolization

Susceptibility Artifact from Endovascular Coils in
Intracranial Aneurysms: An In Vivo Comparison at 3.0 T
and 1.5 T

PURPOSE
Susceptibility artifact generated by platinum microcoils can
be problematic when using MR angiography (MRA) to evaluate for small aneurysm recurrences immediately adjacent to
endovascular coil masses. Although MRA at 3.0 T allows for
potentially greater spatial resolution than at 1.5 T, higher
field strengths also generate greater susceptibility effects. To
evaluate the magnitude of these effects in MRA of coiled
aneurysms at higher field strengths, we have measured coil
mass volumes, as a measure of susceptibility effects, from
aneurysms imaged with both 3.0 T and 1.5 T time-of-flight
(TOF) MRA exams.

RESULTS
All nine coil masses had greater measured volume at 1.5 T
than at 3.0 T (Fig 1; note that the reference line is not fitted
to the data points but rather intersects the origin and has a
slope of 1). Mean volumes (SD) of the coil masses were
528.2 mm3 (488.2) at 3.0 T, and 591.0 mm3 (552.6) at 1.5 T.
These volumes were significantly different between the field
strengths (p = .030).

Contrast-Enhanced MR Angiography Follow Up of
Intracranial Aneurysms Treated with Endovascular
Coiling
Lum, C. · Parikh, N. · Miller, W. · Goyal, M.
University of Ottawa
Ottawa, ON, CANADA
PURPOSE
Studies have demonstrated the use of contrast-enhanced
MRA (CEMRA) to follow up coiled intracranial aneurysms.
Since August 2003 an imaging follow-up protocol consisting
of an initial CEMRA at 3 months postcoiling followed by
conventional cerebral angiography at 15 months postcoiling
has been used at our institution. This study investigates the
feasability of a combined noninvasive CEMRA and invasive
(conventional cerebral angiography) imaging protocol to follow up patients with intracranial aneurysms treated with
endovascular coiling.
MATERIALS & METHODS
A retrospective review of patients enrolled in this protocol
was performed. Patients were categorized according to the
degree of aneurysm filling immediately at the end of initial
coiling, CEMRA at 3 months, and angiography at 15 months
according to the following categories:1 = complete
aneurysm obliteration, 2 = any amount of neck filling without sac filling, 3 = filling of aneurysm sac. The number of
patients who had cross-over findings of less filling on follow-up angiography than on initial CEMRA or more filling
on follow-up angiography than initial CEMRA were recorded.
RESULTS
A total of 87 aneurysms in 82 patients were found. At the end
of the initial coiling there were 55 (63%) category 1, 22
(25%) category 2, and 10 (11%) category 3 patients. Of
these, 53 patients have had an initial 3-month CEMRA with
34 (64%) category 1, 16 (30%) category 2, and 3 (6%) category 3 filling. Twenty-two patients have had both CEMRA
and initial follow-up angiography of which three patients
demonstrated significant filling on CEMRA which prompted
immediate angiography. These three patients have had
recoiling procedures confirming significant recanalization;
however angiography did not demonstrate to the same
degree the amount of aneurysm filling seen at CEMRA. Two
patients demonstrated less filling on follow-up CEMRA than
at angiography; however none of theses patients have
required recoiling.
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MATERIALS & METHODS
Nine patients with nine endovascularly coiled intracranial
aneurysms underwent 3D MOTSA TOF SPGR MRA at both
3.0 T and 1.5 T, per our usual clinical protocols. 3.0 T MRA
parameters included: matrix 512/256, 1 NEX, slice thickness
1.4 mm, zero filling reconstruction, TE 3.4 ms, and flip angle
25o. 1.5 T MRA parameters were different in matrix
(256/224) to account for lower SNR, and in TE (6.9 ms) to
place fat and water out of phase. Volume measurements of
the nine coil masses were made from the cross-sectional digital imaging datasets from both 3.0 T and 1.5 T MRA using
Analyze 6.1 software, which requires drawing regions of
interest (ROIs) around the coil masses on contiguous
images. The Student t-test was used to compare the volumes
of the coil masses at 3.0 T and 1.5 T.

Paper 245 Starting at 10:38 AM, Ending at 10:46 AM
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CONCLUSION
Contrast-enhanced MRA is a useful noninvasive method to
followup coiled intracranial aneurysms. In certain cases,
CEMRA may show more filling than conventional angiography and these cases should be regarded with caution as
angiography can falsely underestimate the degree of recanalization. In our series, there have been no significant cases in
which the initial CEMRA has underestimated the degree of
recanalization at follow-up angiography.
KEY WORDS: MR angiography, aneurysm, coiling

and 3D TOF MRA at 3 T are similar to CE MRA at 1.5 T and
superior to 3D TOF MRA at 1.5 T.
KEY WORDS: Aneurysm cerebral, MR angiography, 3 T
Paper 247 Starting at 10:54 AM, Ending at 11:02 AM
Efficacy of Multidetector CT Angiography for the
Detection of Arterial Stenosis or Occlusion in the Setting
of Acute Stroke
Husain, M. A. · Zoarski, G. H. · Lane, B. F. · Stallmeyer, B.

Paper 246 Starting at 10:46 AM, Ending at 10:54 AM
Follow Up of Coiled Cerebral Aneurysms at 3 T:
Comparison of 3D Time-of-Flight MR Angiography and
Contrast-Enhanced MR Angiography
Anzalone, N. E. · Cadioli, M. · Scomazzoni, F. · Righi, C. ·
Simionato, F. · Iadanza, A. · Scotti, G.
Scientific Institute HSRaffaele
Milan, ITALY
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PURPOSE
To determine whether contrast-enhanced MR angiography
(CE MRA) is superior to 3D TOF MRA at 3 T for the evaluation of coiled cerebral aneurysms and to compare it with
previous reported data in which CE MRA is compared to 3D
TOF MRA at 1.5 T.
MATERIALS & METHODS
Nineteen patients treated with detachable coils for 20 cerebral aneurysms were studied at 3 T (Philips Intera) using a
SENSE coil. Three-dimensional TOF MRA (TR/TE =
23/3.5; sense factor 2.5) and CE MRA with a 3D ultrafast
gradient-echo sequence (TR/TE = 5.9/1.9; Sense factor 3)
were performed in the same session. CE MRA was performed with 0.1 mmol/kg (2 ml/Kg) bodyweight of GDBOPTA. Source images, MIP and SSD reconstructions of the
vessel of interest were evaluated to establish the presence of
complete occlusion or residual patency of the treated
aneurysm. In 15 patients results were compared with previous data obtained with both CE MRA and 3D TOF MRA at
1.5 T performed within 6 months.
RESULTS
Twenty aneurysms were evaluated. The presence of coil artifact was evident at 3D TOF MRA but not at CE MRA.
Patency of the residual aneurysm was demonstrated in eight
cases with both acquisitions, while in the remaining 12 cases
occlusion of the malformation was equally shown. In 2/8
cases the remnant of the aneurysm was better appreciated at
CE MRA; moreover in six cases the parent artery or adjacent
vessels were represented better at CE MRA than at 3D TOF
MRA. Contrast-enhanced MRA and 3D TOF MRA at 3 T
were both superior to 3D TOF MRA at 1.5 T and equivalent
to CE MRA at 1.5 T in all 15 patients for which comparative
data were available.
CONCLUSION
At 3 T both 3D TOF MRA and CE MRA are effective at
revealing residual patency or occlusion of coiled cerebral
aneurysms although the definition of the remnant and adjacent vessels is better depicted on CE MRA. Both CE MRA

University of Maryland Medical Center
Baltimore, MD
PURPOSE
To assess the sensitivity of 16-slice multidetector CT angiography (MD CTA) for determining the arterial cause of clinically suspected acute stroke.
MATERIALS & METHODS
The reports of catheter angiograms and MD CTA of all
patients who underwent both studies for clinical suspicion of
acute stroke over a 26-month period were reviewed.
Multidetector CTA was performed on a Philips Mx-8000
IDT 16-slice CT scanner and acquired following a bolus of
100-150 cc of 300 mg/mL nonionic iodinated contrast injected at a rate of 4 cc/sec using a prescan delay of 15-17 seconds. Images were acquired with 0.75 mm x 16 collimation
with a pitch of 0.3- 0.5 and rotation speed of 0.75 seconds.
Multidetector CTA images were analyzed on a Philips
Brilliance workstation capable of generating 3D as well as
MPR images. Catheter angiograms were performed on a
Toshiba CAS-1000 bi-plane unit with 9-inch image intensifiers. Studies were determined to be concordant only if MD
CTA correctly identified all areas of hemodynamically significant vascular narrowing or occlusion. In this retrospective, IRB-approved study, all imaging and patient data
already were obtained per medical necessity and routine
standard of care.
RESULTS
Thirty-nine patients with clinical suspicion of acute stroke met
the inclusion criteria over a 2-year period from July 2002 to
September 2004. The interval between MD CTA and catheter
angiography ranged from 0 to 63 days (mean 8.8; median 0;
mode 0 with 24/39 cases performed within 24 hours). The
results of MD CTA and catheter angiography were concordant
in 33 patients. In 10 patients, both studies were negative. Of the
29 patients with abnormal studies (MD CTA or angiography),
14 had multiple findings (i.e. stenosis or occlusion), for a total
of 47 vessel segments; MD CTA and catheter angiography
were concordant in 39 of these segments. Of the 8 discordant
segments, 4 were negative at angiography (i.e., overestimated
by MD CTA), 2 in the proximal MCA, 1 in the posterior inferior cerebellar artery, and 1 in the intracranial carotid. The other
4 discordant segments of significant vascular narrowing were
demonstrated by catheter angiography but missed on MD
CTA: 3 basilar artery segments and 1 intracranial ICA lesion.
Twenty-two of 24 patients who underwent MD CTA and
catheter angiography within 24 hours demonstrated concordance. Of these 24, 14 were assigned the designation of Brain
Attack patients and evaluated within the 6-hour window during
which intraarterial thrombolysis was feasible.
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CONCLUSION
When MD CTA and catheter angiography are performed in
close temporal proximity (within 24 hours) for evaluation of
stroke symptoms, the discordance rate is less than 10%. This
implies that MD CTA is a valuable tool for the rapid evaluation and triage of Brain Attack patients who may be candidates for thrombolysis. Stenoses in the basilar artery were
disproportionately missed by MD CTA, perhaps related to
the proximity of bone, complicating segmentation on 3D
maximum intensity projections. This highlights the need for
better bone subtraction algorithms. Increasing discordance
over time is attributable to an increase in confounding factors such as recanalization, progressive disease, and development of collateral circulation.
KEY WORDS: CTA, stroke, angiography

between CTA and DSA for the evaluation of the origin of the
arterial narrowing was 0.56 for vasospasm and 0.68 for
hypoplasia. The NPV of CTA for vasospasm was 95%. The
interobserver agreement between the two CTA reviewers
was substantial, with a kappa coefficient of 0.73. Globally,
CTA was more accurate, and the interobserver agreement
higher, for the proximal arterial segments (typically A1 segments) than for the distal ones (typically P2 segments).
CONCLUSION
CT angiography is an accurate method for the detection of
vasospasm, with especially a very high NPV. Further studies
are needed to validate an approach where CTA would be
used as a screening test for DSA, more specifically where a
negative CTA would be considered as a sufficient criterion to
avoid a SAH patient an unnecessary DSA.
KEY WORDS: CT angiography, vasospasm, accuracy

Paper 248 Starting at 11:02 AM, Ending at 11:10 AM
Prospective Evaluation of Multidetector-Row CT
Angiography for the Diagnosis of Vasospasm Following
Subarachnoid Hemorrhage: A Comparison with Digital
Subtraction Angiography

Paper 249 Starting at 11:10 AM, Ending at 11:18 AM

Chaudhary, S. · Ko, N. U. · Dillon, W. P. · Yu, M. · Criqui, G.
· Higashida, R. T. · Smith, W. S. · Wintermark, M.

San Millán Ruíz, D.

University of California San Francisco
San Francisco, CA
PURPOSE
To evaluate the accuracy of multidetector-row CT angiography (CTA) for the diagnosis of vasospasm following subarachnoid hemorrhage (SAH) by comparison to digital subtraction angiography.

RESULTS
Substantial correlation (coefficient of correlation = 0.629)
was found between CTA and DSA for the detection of arterial narrowing. The concordance (kappa coefficients)

Geneva University Hospital
Geneva, SWITZERLAND
PURPOSE
We report a retrospective series of 72 consecutive patients
harboring 75 cerebral developmental venous anomalies
(DVA). This report focuses on their clinical relevance and
associated morphologic abnormalities of the surrounding
brain parenchyma, and the possible role of venous hypertension (VHT) as a causative condition.
MATERIALS & METHODS
Developmental venous anomalies were identified during
routine diagnostic radiological work up, based on MRI/A (52
cases), angio CT (20 cases), or both (28 cases).
RESULTS
Two of seventy-five (2.7%) presented with an intracranial
hemorrhage (one perimesencephalic subarachnoid hemorrhage occurring after a valsalva maneuver in the presence of
a large posterior fossa DVA; and one intraparenchymal hemorrhage in the drainage territory of a temporal DVA whose
collecting vein showed stagnation of contrast product) imputated to the DVA; 7/52 (13.5%) had a neighboring cavernous
venous malformation (CVM) on MR imaging, two of which
produced neurologic deficits; 27/75 (36%) showed regional
cortical and or subcortical atrophy; 3/52 (5.8%) showed signal anomalies on MR imaging in the form of high T2weighted and FLAIR signal; 2/20 showed hypodensity on
CT; 2/75 (2.7%) had dystrophic calcifications. These findings were located within the DVA’s drainage territory. A
stenosis on the collecting vein was documented in 8/75
(10.6%). Stenosis usually was found at the point where the
collecting vein crossed the dura matter to empty into a dural
venous sinus. Alternatively, a difference in caliber between
the proximal and distal portions of the DVA collecting vein
were documented.
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MATERIALS & METHODS
As part of a prospective study, 33 patients with acute SAH
underwent a total of 40 CTA and DSA examinations within
24 hours of each other. The CTA examinations were performed on a 16-slice CT scanner, using 70 cc of iodinated
contrast injected at 4 cc/second, and a bolus test timing technique. Four-vessel DSA was performed via a transfemoral
approach under general or sedation analgesia. The CTA
examinations were reviewed independently by two neuroradiologists and then in consensus. The DSA examinations
were reviewed by a third neuroradiologist blinded to the
CTA results. Both for CTA and DSA, 23 arterial segments
were evaluated for their degree of narrowing (0: none, 1,
mild - < 30%, 2: moderate - 30-50%, 3: severe 51-99%, 4:
complete occlusion - 100%); for both imaging techniques,
every narrowing was attributed to vasospasm, hypoplasia, or
other. CT angiography and DSA analyses were evaluated for
statistical correlation, globally and for each arterial segment.
Interobserver agreement between the two CTA reviewers
was calculated. Also, sensitivity, specificity, positive predictive value, and negative predictive value (NPV) of CTA to
detect presence or absence of arterial narrowing due to
vasospasm or hypoplasia were calculated considering DSA
as the gold standard.

Cerebral Developmental Venous Anomalies: Anomaly or
Abnormality?
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CONCLUSION
Developmental venous anomalies were found to be associated frequently with brain parenchymal abnormalities within
their drainage territory. As reported in the literature, the association with CVM also was frequent. Finally, they sometimes presented with intracranial hemorrhage. Venous hypertension developing within the DVA system may be responsible for this spectrum of abnormalities. Venous hypertension
may be explained by several factors. Fist, a stenosis of the
collecting vein, which was not documented frequently in the
present cases studied by MRI/A and CTA. However, DSA
was performed only in one case presenting with perimesencephalic hemorrhage, so the incidence of an outflow obstruction in our series may have been underestimated. Then, DVA
represent a zone of venous confluence draining an unusually
large volume of brain parenchyma, converging into a large
collecting vessel. Finally, DVA are known to demonstrate
thickened walls on histology, which could possibly reduce
vessel compliance. Combined, all these factors could induce
variable degrees of outflow obstruction, predisposing DVA
to VHT, manifested chronically as loco-regional parenchymal alterations, or acutely as hemorrhage. The immediate
proximity between the DVA and the CVM also suggests that
CVM could result from a previous, and even repeated hemorrhage of some portion of the DVA exposed to VHT. In conclusion, though generally asymptomatic, DVA probably are
exposed to variable degrees of VHT due to anatomical disposition (venous confluence), loss of vessel compliance
(thickened walls), and outflow obstruction (stenosis of the
collecting vein). This is supported by the high incidence of
parenchymal abnormalities in the form of atrophy, signal
modifications, and associated CVM within the drainage territory of the DVA observed in the present study.

performed in one case. Typical increased density on CT and
susceptibility artifacts on T2* MR imaging were used to
document hemorrhage. Imaging features considered to be
“atypical” included the following: associated hemorrhage,
contrast enhancement, diffusion restriction, and unusual patterns of involvement. The following locations of involvement were considered atypical: cerebellum, brainstem, deep
nuclei, and frontal or temporal lobe. Medical charts were
reviewed to correlate clinical presentation and outcomes
with radiographic features.

KEY WORDS: Developmental venous anomaly, complications, venous hypertension

CONCLUSION
Recognition of atypical features in hypertensive
encephalopathy, such as hemorrhage, contrast enhancement,
infarction, or atypical location is important to avoid misdiagnosis. Such features are present in up to 35% of scans, and
are likely more common than recognized. Evidence for
infarction or significant parenchymal hemorrhage on initial
imaging correlated with permanent deficits. Consideration of
this diagnosis is important since prompt therapeutic intervention with strict blood pressure control is crucial, and in
most cases permits complete resolution of symptoms.
Conversely, a delay in diagnosis can result in permanent
neurologic sequela.

Paper 250 Starting at 11:18 AM, Ending at 11:26 AM
Prevalence of Atypical Imaging Findings in Hypertensive
Encephalopathy: Review of a Series
Hamilton, B. E.1 · Salzman, K. L.1 · Ricelli, L. P.2 · Nesbit, G.
M.2
1

University of Utah, Salt Lake City, UT, 2Oregon Health &
Science University, Portland, OR

PURPOSE
The presence of atypical imaging features in hypertensive
encephalopathy (also termed posterior reversible
encephalopathy) lacks common awareness among radiologists, and the frequency of such findings is unknown.
Atypical imaging features include associated hemorrhage,
contrast enhancement, diffusion restriction, and atypical
locations of involvement. Location other than parietal and
occipital lobes is atypical. We reviewed a series of patients
presenting with hypertensive encephalopathy to better characterize the prevalence of “atypical” imaging features.

RESULTS
Twenty-six cases of hypertensive encephalopathy were identified on 23 MR and 3 CT examinations in one pediatric and
25 adult patients. A strong female predominance (19) was
noted. Predisposing factors were varied and included renal
failure (8), pregnancy (5), and immunosuppressive medications (3). Clinical presenting features included headaches
(10), seizures (10), focal neurologic deficits (7), visual
changes (6), nausea and/or vomiting (3), and altered mental
status (3). The following atypical imaging features were
noted: hemorrhage (9), diffusion restriction (6), and contrast
enhancement (5). Atypical sites of involvement included:
frontal lobe (6), brainstem (5), cerebellar (4), temporal lobe
(2). Dynamic contrast-enhanced perfusion imaging in one
patient revealed delayed bolus arrival time and markedly
decreased relative cerebral blood volume in the areas of T2
signal abnormality. Apparent diffusion coefficient map in
this patient showed increased ADC. Delayed subarachnoid
space enhancement was present hours later on repeat imaging. Poor outcomes, with permanent neurologic sequela
occurred in patients with diffusion restriction and significant
parenchymal hemorrhage on initial imaging.

KEY WORDS: Posterior reversible encephalopathy, hypertensive encephalopathy, FLAIR delayed enhancement
Paper 251 Starting at 11:26 AM, Ending at 11:34 AM
Cerebral Perfusion CT: Influence of Reference Vessels,
Regions of Interest, and Interobserver Variability
Goldsher, D.1,2 · Eran, A.1 · Mor, N.1 · Zaaroor, M.1,2 · Soustiel,
J. F.1,2
Rambam Medical Center, Haifa, ISRAEL, 2Technion Israel
Institute of Technology, Haifa, ISRAEL

1

MATERIALS & METHODS
We performed a retrospective review of clinical and imaging
diagnoses of hypertensive encephalopathy over a 5-year
period from 2000 to 2005. CT and MR findings were
reviewed. Dynamic contrast-enhanced MR perfusion was

PURPOSE
Perfusion CT (PCT) has emerged as a convenient tool for
assessment of cerebral perfusion, yet to date there are no
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standardized guidelines for PCT analysis. Our purpose was
to assess the impact of reference vessels and the regions of
interests (ROI) size and location on the regional cerebral
blood flow (CBF) and cerebral blood volume (CBV)
obtained by PCT and to assess the importance of userdependency of the technique.
MATERIALS & METHODS
Forty-five CT perfusion studies were performed in 40
patients enrolled in the study. Middle cerebral artery (MCA)
was compared to the anterior cerebral artery (ACA) used for
arterial input function in each study and the superior sagittal
sinus (SSS) compared to vein of Galen (VG) for venous output function. Perfusion CT results obtained using a hemispheric ROI (ventricles excluded) combined with vascular
pixel elimination were compared with that obtained using
five separate small ROIs located over the cortex and basal
ganglia. Interobserver variations were studied using a standardized protocol.
RESULTS
Middle cerebral artery-based measurements of CBF and
CBV were in close accordance with that obtained with the
ACA. Venous maximal intensity was significantly lower
with VG when compared with SSS, resulting in overestimation of CBF and CBV. However, in 13.3% VG ROI yielded
higher maximal intensities than SSS ROI. There was no difference in PCT results between hemispheric ROI and average separate ROI whenever vascular pixel elimination was
used. Interobserver variations were 10% for CBF and 14%
for CBV values obtained.

KEY WORDS: Perfusion CT, technique, trauma
Paper 252 Starting at 11:34 AM, Ending at 11:42 AM
Leukoaraiosis and Collaterals in Acute Ischemic Stroke
Liebeskind, D. S. · Sanossian, N. · Saver, J. L. · Ohanian, A.
G. · Alger, J. R. · Salamon, N. · Villablanca, J. P. · Jahan, R.
· Duckwiler, G. R. · Vinuela, F. · Ovbiagele, B. · for the
University of California Los Angeles Thrombolysis
Investigators
University of California Los Angeles
Los Angeles, CA
PURPOSE
Leukoaraisosis has been associated previously with chronic
cerebral hypoperfusion. Hypoperfusion and associated
ischemic preconditioning may induce collateral development, yet the extent of collaterals and relationship with
parenchymal disease has never been studied. We examined
the correlation of angiographic collaterals in acute stroke
with the presence, extent, and distribution of white matter
changes.

RESULTS
Collaterals were evaluated in 102 cases (51 men, 51 women;
mean age 66 years, SD 18 years). Occlusions were noted in
the proximal MCA (47%), distal ICA (28%), distal MCA
(9%), basilar (7%), proximal ICA (7%), vertebral (1%), PCA
(1%), and CCA (1%). Collateral grade was well distributed
across the scale (0, 10%; 1, 19%; 2, 16%; 3, 27%; 4, 29%),
with full extent of collaterals extending throughout the
ischemic territory in 57%. Periventricular and deep white
matter changes were evident in 62% of patients with poorer
grade collaterals and 49% with good collaterals (p = .231).
Finer collateral gradations were not correlated with either the
presence or extent of periventricular disease (p = .772, r =
.029) or deep white matter changes (p = .559, r = -.059).
CONCLUSION
Leukoaraisosis is unrelated to the extent of collaterals in
acute ischemic stroke. Chronic small vessel disease may be
a distinct pathophysiologic entity unrelated to superficial territory arteriogenesis and compensatory aspects of collateral
flow.
KEY WORDS: Leukoaraiosis, collaterals, stroke
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CONCLUSION
Our results suggest that MCA may be used as well as ACA
to define arterial output. Although SSS appears as the most
convenient venous reference in most instances, maximal
intensities obtained with alternative available veins should
be compared with that of SSS before proceeding with PCT
analysis. Perfusion CT analysis should take into account the
significant user dependency.

MATERIALS & METHODS
Angiographic collaterals in acute stroke due to large vessel
occlusion were evaluated with the 5-point ASITN/SIR scale,
blinded to noninvasive imaging results. Independent review
of preprocedure CT or MR imaging white matter changes
was performed utilizing the Fazekas scale incorporating
deep and periventricular components. Spearman correlations
were performed for the association between collateral grade
and leukoaraisosis.
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RESULTS
We completely obliterated six vascular malformations in one
endovascular session, including one AVF and five AVMs with
average grade of II (range II to III). Six other patients were
treated successfully via staged embolizations, including one
AVF and five AVMs with average grade of III (range II to V).
Only one patient in our series required adjuvant surgery after
embolization for complete obliteration of a grade III AVM.
The average injection volume of Onyx™ per session was 4.5
± 5 cc (range 0.13 to 18 cc), and average length of Onyx™
injection was 45 ± 32 min (range 5 to 131 min). There were
no permanent neurologic deficits, two patients experienced
transient monoparesis after embolization. All catheters were
retrieved safely after completion of embolization.
CONCLUSION
Our experience with Onyx™ confirms that endovascular therapy can play a primary role in treatment of intracranial AVMs. It
is our impression that this material has allowed for more controlled and complete embolization of higher grade AVMs per
session. The success of this new concept is multifactorial.
Careful patient selection and meticulous peri-procedural critical
care are essential to the safety and efficacy of this modality.
KEY WORDS: Vascular malformation, embolization
Paper 254 Starting at 10:38 AM, Ending at 10:46 AM

Paper 253 Starting at 10:30 AM, Ending at 10:38 AM
Endovascular Embolization as Primary Treatment of
Intracranial Vascular Malformations: A Novel Concept

Embolization of Cerebral Arteriovenous Malformations
pre Radiosurgery: An Analysis of 30 Patients
Hodgson, T. J.

Musacchio, M. J. · Sani, S. B. · Wells, K. R. · Reeder, P. ·
Lopes, D. K.
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Rush University Medical Center
Chicago, IL
PURPOSE
The treatment of intracranial vascular malformations is one
of the most challenging neurovascular decision processes.
Currently, the options of open surgery and radiosurgery are
used as primary treatment modalities, with endovascular
embolization serving as adjuvant therapy. Onyx™ is an
embolic material that has a potential to elevate endovascular
therapy to a primary and stand-alone modality for treatment
of intracranial vascular malformations. We report a novel
concept of complete intracranial vascular malformation
obliteration using Onyx™.
MATERIALS & METHODS
We present our initial clinical experience of 20 Onyx™
embolization procedures performed on 13 patients with
intracranial vascular malformations. Our patient population
was comprised of nine males and four females, with average
age of 52 ± 20 years (range: 20 to 81 years). There were
eight supratentorial arteriovenous malformations (AVMs),
three infratentorial AVMs, and two arteriovenous fistulas
(AVFs). The average Spetzler-Martin AVM grade was grade
III, including six grade II, four grade III, one grade IV, and
one grade V AVMs. Seven patients presented with intracranial and/or subarachnoid hemorrhage, three presented with
seizures, and three presented with various other neurologic
symptoms. All patients had strict blood pressure control, and
prophylactic seizure and intracranial pressure measures.

Royal Hallamshire Hospital
Sheffield, UNITED KINGDOM
PURPOSE
This retrospective study reviewed the case notes and imaging of 30 patients with cerebral arteriovenous malformations
(CAVM) referred for stereotactic radiosurgery (STRS) following embolization between March 2003 and April 2004.
MATERIALS & METHODS
Original size, site, and mode of CAVM presentation were analyzed as well as patient demographic data. Details of
embolizations were recorded including number of procedures,
complications, materials used, and effectiveness (as in volume
reduction). Time between the last embolization and STRS
were recorded. Angiograms performed at the time of STRS
were analyzed for any CAVM recanalization and effectiveness
of the embolization in regard to STRS planning.
RESULTS
The patient age range was 14 - 65 years (average 31 years)
with 15 males and 15 females. Twenty-one of 30 (70%) presented with hemorrhage, the original nidus size ranging from
< 1 cm to 6 cm (average 3 cm). The range of embolization
procedures was 1 - 6 (average 2.2). Two complications were
recorded (total 66 procedures). Twenty-three of 30 (76%)
underwent embolization with Onyx (2/23 had coils in addition). Twelve of 23 (52%) revealed some nidus recanalization between referral and STRS procedure. Seven of 30
(24%) were embolized with NBCA, 2/7 (28%) revealed a
degree of recanalization. Possible mechanisms will be discussed. Nidus reduction following embolization: 7/30 (24%)
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had > 75% reduction with 11/30 (36%) obtaining < 25%
reduction. Effectiveness of the embolization in relation to
STRS dose planning will be discussed.
CONCLUSION
Embolization of CAVMs is a relatively safe and effective
method of nidus reduction; however, recanalization rates are
significant. Multidisciplinary approaches to CAVMs are
required for the most efficacious treatment.
KEY WORDS: Cerebral arteriovenous malformations, stereotactic radiosurgery, embolization
Paper 255 Starting at 10:46 AM, Ending at 10:54 AM
Hydrocoil Embolization of Dural Carotid Cavernous
Fistulas
Zenzen, W. J. · Evans, A. J. · Boutin, S. M. · Daly, K. P. ·
Jensen, M. E.
University of Virginia
Charlottesville, VA
PURPOSE
The treatment goal in patients with dural arteriovenous fistulas is closure or disconnection of the fistulous communication.
Various treatment methods for these fistulas include surgery,
radiotherapy, and conservative management depending on the
type and severity. More recently, dural fistulas have been treated by endovascular means as advances in catheter development have allowed greater access. We have had initial positive
experience using hydrocoils for the endovascular management
of patients referred with dural AV fistulas.

RESULTS
Of the 19 dural fistulas, 18 were occluded successfully.
Periprocedure adverse events included one patient with reperfusion hemorrhage following treatment and one patient with
subarachnoid hemorrhage during the embolization procedure.
CONCLUSION
We have had positive initial success using hydrocoils alone
and in combination with other embolic materials with complete occlusion achieved in 18 of 19 patients treated. The
volume expansion afforded with hydrocoils may allow for
more complete closure of each fistula using fewer coils. We
speculate that this technology will result in lower incidence
of fistula recurrence; however, additional long-term clinical
and angiographic follow up is needed.
KEY WORDS: Fistula, dural, embolization

Endovascular
Treatment
of
Neurovascular
Malformations in Children Affected with Hereditary
Hemorrhagic Telangiectasia: Results in 31 Patients
Krings, T.1 · Rodesch, G.2 · Alvarez, H.3 · Lasjaunias, P. L.3
1
University Hospital Aachen, Aachen, GERMANY, 2Hopital
Foch, Paris, FRANCE, 3Hopital de Bicetre, Paris, FRANCE

PURPOSE
Hereditary hemorrhagic telangiectasia (HHT) is a heterogeneous disease that might present with different clinical phenotypes and different clinical expressions. Concerning the
neurovascular expressions of this disease, especially the
pediatric age group presents with potentially devastating
symptomatic phenotypes. The purpose of this article was to
review the therapeutic results of endovascular treatment of
neurovascular malformations in this age group.
MATERIALS & METHODS
A total of 31 children under the age of 16 years were included in this retrospective analysis. All children were treated in
a single center. Twenty children presented with 28 arteriovenous (AV) fistulae including seven children with spinal AV
fistulae and 14 children with cerebral AV fistulae (one child
had both a spinal and cerebral fistulae). Eleven children had
small nidus type AV malformations. All embolizations were
performed in a single center employing superselective glue
injection. Follow up ranged between 3 and 168 months
(mean: 66 months).
RESULTS
A total of 115 feeding vessels were embolized in 81 single
sessions resulting in a mean overall occlusion rate of the
malformation of 77.4% (ranging from 30 to 100%). Two of
30 patients (6.5%) died as a direct complication of the
embolization procedure, two patients (6.5%) had a persistent
new neurologic deficit, eight patients (26.7%) were clinically unchanged following the procedure, in 11 patients
(36.7%) an amelioration of symptoms but no cure could be
achieved, six patients (20%) were completely asymptomatic
following the endovascular procedure. In the surviving
patients morphologic complete occlusion was possible in 12
patients (38%), therapy is still not completed in six patients.
CONCLUSION
Since the natural history of neurovascular manifestations of
HHT in children is associated with a high morbidity and
mortality, therapeutic intervention is mandatory. In most
instances a morphologic target can be identified; therefore,
even partial and staged treatment can be performed. Our
results demonstrate that in 27/31 patients these targeted
interventions resulted in stabilizing the disease, ameliorating
the symptoms, or even in curing the patient. The endovascular approach employing glue as the embolizing agent represents, therefore, a safe and efficient way to control the neurovascular phenotypes of HHT.
KEY WORDS: Hereditary hemorrhagic telangiectasia, glue
embolization
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MATERIALS & METHODS
We conducted a retrospective review of 19 consecutive
patients referred to our institution for endovascular treatment
of their dural fistulas between October 2002 and October
2005, all of whom were treated with hydrocoils alone or in
combination with other embolic agents. Patients ranged in
age from 44 to 81 years old with 12 males and 7 females.
Nineteen patients were treated in 23 procedures. The distribution of these fistulas were as follows: 6 transverse sinus
dural arteriovenous malformations (DAVM), 5 indirect
carotid cavernous fistulas (CCF), 2 cortical vein fistulas, 1
tentorial DAVM and 1 marginal sinus DAVM.

Paper 256 Starting at 10:54 AM, Ending at 11:02 AM
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Paper 257 Starting at 11:02 AM, Ending at 11:10 AM
Three-Year Study of ETOH Patients
Yakes, W. F.
Vascular Malformation Center
Englewood, CO

KEY WORDS: Aneurysm, dural

PURPOSE
To evaluate the total numbers of ethanol procedures performed on vascular malformations of all types, the anatomical distribution of the ethanol procedures in those vascular
malformations, and the complications encountered over a 3year period at a major referral center for vascular malformations. Arterial vascular malformations then were evaluated
from this group.

Paper 259 Starting at 11:18 AM, Ending at 11:26 AM

MATERIALS & METHODS
Total procedures for January 2002 through December 2004
include 3,464 “head to toe” vascular malformation procedures in 990 patients. The ratio of vascular
malformations:arteriovenous malformation = 3:1 ratio.
Breakdown of anatomy includes: Head and Neck 231; Upper
Extremity 196; Lower Extremity 365; Chest/Abdomen 82;
Pelvic/Buttock 116, totaling 990 patients. A total of 55,902
ml ETOH was used in all procedures. Of that, 18,634 ml
ETOH was used in 1,029 AVM procedures.

PURPOSE
To define the increasing role of interventional neuroradiology and its significance in the management of maxillofacial
vascular malformations.

RESULTS
Complication rates in all procedures were 5% transient and
.04% major while major and minor complication rates in
AVMs were 3.6% per patient and 1.2% per procedure.
CONCLUSION
All patients responded well to ETOH treatment alone.
Procedures were curative, surgery was not required, and few
complications were noted.

Thursday

cases included either hemorrhage or neurologic deficit.
There was a single case of a dural AV fistula of the vein of
Galen, two cases of transverse sinus dural AVMs, and two
cases of tentorial-incisura dural AVMs.

KEY WORDS: ETOH, AVM, embolization
Paper 258 Starting at 11:10 AM, Ending at 11:18 AM
Flow-Related Aneurysms of the Dural Arteries:
Presentation of 14 Cases
Diaz, O. M. · Adrada, B.
Baylor College of Medicine
Houston, TX
Arteriovenous malformations (AVMs) are one of the most
common vascular abnormalities reported. Pial type AVMs
are the most common and have been associated with cerebral
aneurysms that can become a significant source of hemorrhage in these patients. Cerebral aneurysms associated with
pial type AVMs has been reported about 13%. Even rarer are
dural arterial aneurysms associated with either pial or dural
AVMs. To our knowledge only three other single case
reports have been described thus far. Herein we report 14
dural arterial aneurysms associated with six AVMs. We identified a single case of pial AVM with an associated dural
arterial aneurysm. The other five cases were dural AVMs.
The sexes were represented equally in our cases and ages
ranged from 44 to 63 years old with an average age of 51
years. Initial presentation of the AVMs in five of the six

Interventional Neuroradiology in the Management of
Maxillofacial Vascular Malformations
Limaye, U. S.
King Edward Memorial Hospital
Mumbai, INDIA

MATERIALS & METHODS
Retrospective review of all patients with maxillo and craniofacial vascular malformations referred to interventional neuroradiology section between 1995 to 2004 was done.
Common indications for treatment were cosmetic, bleeding,
and functional disturbance. The diagnosis was based on clinical, angiographic, and imaging features. The malformations
were classified into hemangiomas, venous malformations,
lymphatic-lymphovenous malformations, and arteriovenous
malformations and fistulas. Clinical success of the procedures and outcomes were graded as complete obliteration,
considerable reduction, stabilization, no significant change,
and complication.
RESULTS
A total of 280 patients were referred. Treatment was completed for 211 patients, who were included in the analysis.
Analysis was done with respect to age, type of malformation,
clinical presentation, interventional neuroradiologic treatment and outcome, complication. Sixty-seven hemangiomas,
106 venous malformations, 17 lymphatic malformations and
90 arteriovenous malformations and fistulas were seen.
Forty hemangiomas, 82 venous malformations, 13 lymphatic malformations, and 76 arteriovenous malformations and
fistulas were treated.
Malformation, No.
Hemangiomas 40
Venous malformations 82
Lymphatic malformations 13
AVM / AVF 76
Complication rate was low.

Considerable
reduction
57.5%
84%
61.5%
54%

Complete
obliteration
15%
11.1%
7.07%
38.15%

CONCLUSION
Embolization alone or as an adjunct to surgery is an extremely effective therapy in a large majority of patients of maxillofacial vascular anomalies, and should be advocated as the
primary line of management.
KEY WORDS: Maxillofacial, vascular malformations,
embolization
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Paper 260 Starting at 11:26 AM, Ending at 11:34 AM

Paper 261 Starting at 11:34 AM, Ending at 11:42 AM

Spinal Dural Arteriovenous Fistulas: Twenty-Year Single
Institution Experience

Endovasular Embolization as a First Line of Therapy for
Spinal Dural Fistula: Technical and Clinical Lessons
with 23 Cases in 7 Years

Hetts, S. W.1 · Singh, T.1 · Meagher, S.1 · Larsen, D.2 · Dowd,
C. F.1 · Halbach, V. V.1 · Higashida, R. T.1
1

University of California San Francisco, San Francisco, CA,
University of Southern California, Los Angeles, CA

2

PURPOSE
To report the clinical and radiologic characteristics and treatment of patients with spinal dural arteriovenous fistulas
(SDAVFs) at a single tertiary care institution over a 20-year
period.
MATERIALS & METHODS
Retrospective and prospective medical record, MR imaging,
and spinal angiogram review from SDAVF patients examined and/or treated at our university hospital over the last 20
years. Patients with mixed intracranial and spinal dural fistulas were excluded.

CONCLUSION
Spinal dural arteriovenous fistulas are an unusual cause of
myelopathy which often go undiagnosed for long periods
despite improvements in diagnostic imaging over the last 20
years. Endovascular and surgical therapies often are effective in improving symptoms once the definitive diagnosis of
SDAVF is made by spinal angiography.
KEY WORDS: spinal dural arteriovenous fistula, SDAVF

1
Rambam Hospital, Haifa, ISRAEL, 2Assuta Hospital, Tel
Aviv, ISRAEL, 3University of Miami School of Medicine,
Miami, FL

PURPOSE
Endovascular embolization (EVE) is a valid and effective
therapeutic option for spinal dural fistula (SDAVF). In recent
studies it appears however, that microsurgery offers higher
obliteration rates. Challenging this observation, the authors
present their evolving technical experience of 7 years treating SDAVF by EVE as the first line of therapy.
MATERIALS & METHODS
Twenty-three consecutive patients harboring SDAVF were
treated between 1998-2005 by a single invasive neuroradiologist. Only failed EVE attempts, recanalized or high risk
residual SDAVF were referred to microsurgery.
Demographic, clinical, and radiologic data along with longterm outcome in terms of functional status evaluation
(Aminoff-Logue score) are presented. Different technical
parameters in EVE procedure are presented for each case
and correlated with outcome.
RESULTS
Since1998, 14 SDAVFs were obliterated successfully by
EVE as the inital and definitive treatment (63%). Seven
cases were sent for microsurgery after failed catheterization
of the feeding artery (5) or after clinical deterioration associated with radiologic recanalization (2). One patient had radiologic recanalization albeit clinical improvement 10 months
after a "successful" EVE. A second EVE resulted with a neurologic deficit. In one case, only partial obliteration could be
obtained producing mild neurologic improvment; however
the patient refused further treatment. Calculating from 2000,
following improvement in catheters, guidewires, angio suite,
and intial phase of learning curve, 12 out of 15 cases (80%)
were embolized successfully and definitively in sole procedure. No recanalization occurred. Long-term functional status tended to improve mostly or to stabilize after a complete
obliteration of SDAVF.
CONCLUSION
Several factors were found associated with a successful
EVE: 1) Procedure under general anesthesia. 2) Employment
of diluted (16-20%) NBCA and hydrophylic microcatheters
and guidewire. 3) Catheter positioning at a wedge point
inside the feeder, as nearest to the fistula. 4) Most important
--Obliteration of a minimum of 1 to 2 cm of the proximal
part of the draining vein with NBCA cast, can be considered
equivalent to its microsurgical disconnection, only then it
can be consider as a successful permanent treatment. 5)
There is no need to check the arteries two levels above and
below, at control (as it is recommended today) if the goal,
casting 1 cm " and more of the draining vein, has been
achieved.
KEY WORDS: Embolization, dural fistula, spinal
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RESULTS
Sixty-two patients with SDAVFs were examined and treated
at our institution between 1984 and 2005. The mean age of
the patient was 62 years with a range of 26-83 years at time
of first treatment. Thirteen patients were female and 49 were
male. The range of time from initial symptoms to treatment
was 1 week to 6 years. Comparing the cohort from 19841994 (n = 36) to the cohort from 1995-2005 (n = 26), the
mean time to diagnosis was 21 months in the first decade and
15 months in the second decade. Myelography was the more
frequent initial diagnostic test in the first decade, whereas
spine MR imaging became far more frequent in the second
decade. Several contributors to delay in diagnosis of SDAVF
were identified, including most frequently incorrect attribution of symptoms to degenerative disk disease, spinal cord
tumor, and Guillan-Barre syndrome. The most frequent initial symptom and symptom at diagnosis was paraparesis,
with most patients also suffering lower extremity sensory
changes and bowel or bladder symptoms by the time of diagnosis. Fistulas were located from C1 to the sacrum, the latter
fed by branches of the internal iliac arteries. The most frequent level of fistula was T11 (n = 6). Thirty-three fistulas
were from the left, 25 were from the left, and 1 was bilaterally supplied. Three patients had multiple SDAVFs. Twentyone patients received only endovascular therapy, 22 received
only surgical therapy, and 17 received a combination of
endovascular and surgical therapy. The majority of patients
in all three groups were noted to have some clinical improvement; only a minority, however, made complete recoveries.

Maimon, S.1 · Ben David, U.2 · Lavi, E. S.3
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Paper 262 Starting at 11:42 AM, Ending at 11:50 AM

Paper 263 Starting at 11:50 AM, Ending at 11:58 AM

Treatment of Arteriovenous
Hydrocoils in Swine Model

Use of a PTFE Stent Graft for Definitive Treatment of a
Persistent Traumatic Cavernous Carotid Fistula with
Worsening Tinnitus

Malformation

with

Amiridze, N. · Darwish, R. · Griffith, G. · Zoarski, G.
University of Maryland
Baltimore, MD
PURPOSE
The purpose of our study was to assess the feasibility and
efficacy of treatment of arteriovenous malformations
(AVMs) using hydrocoils in the swine model. Comparison
was made to similar treatment with bare platinum coils.

Thursday

MATERIALS & METHODS
All experiments were conducted in accordance with the policies of the University of Maryland Animal Care and Use
Committee (IACUC). An established AVM model, the swine
rete mirabile (1), was used for embolization. Under general
orotrachial anesthesia, a right-sided carotid-jugular fistula
was created surgically in 10 swine. Femoral artery access
was utilized to place a 5 Fr guide catheter into the left
ascending pharyngeal artery. A microcatheter was advanced
coaxially through the guiding catheter and manipulated into
the rete mirabile. Embolization of unilateral rete, contralateral to the fistula was performed using either HydroCoils (n
= 6) (MicroVention, Aliso Viejo, CA) or bare platinum coils
(n = 4) (MicroPlex coiling system, MicroVention, Aliso
Viejo, CA). Follow-up angiographic features during and
immediately after embolization were analyzed.
RESULTS
Embolization with complete cessation of blood flow in the
unilateral rete mirabile was achieved in all animals treated
with hydrocoils. The number of coils needed varied from
four to seven, with a diameter range of 2- 4 mm and 25 cm
mean length of coils. There were no immediate complications. Embolization with platinum coils utilizing a maximum
number of coils used in hydrocoil experiments (n = 7), with
similar length and diameter and slightly longer coil length
(mean 33 cm) had minimal effect on the blood flow in the
rete mirabile, resulting only in occlusion of small compartments.
CONCLUSION
Hydrocoils can be placed safely into small vessels and may
be used for brain AVM treatment. Hydrocoils are more effective than similar lengths of bare platinum coils. Expansion of
the hydrocoil over only a few minutes allows for precise
placement and stabilization of the coil prior to detachment.
We suggest that hydrocoils may be used alone or in combination with liquid embolic agents, as the initial agent to
decrease the flow rate within the nidus of an AVM, especially in high-flow malformations or in AVM that contain an
arteriovenous fistula.
REFERENCES
1. Massaud TF, Ji C, Vinuela F, et al. An experimental arteriovenous malformation model in swine: Anatomic basis and construction technique. AJNR Am J Neuroradiol 1994;15:15371545

KEY WORDS: Arteriovenous malformation, hydrocoils,
embolization

Gately, K. J. · Zoarski, G. H. · Obuchowski, A. · Schofield,
D.
University of Maryland Medical Center
Baltimore, MD
PURPOSE
Since detachable silicone balloons became unavailable in the
United States, most operators have utilized multiple platinum coils for occlusion of the cavernous carotid fistulae.
This approach is costly, time consuming, and inefficient, and
often results in an incomplete result.
MATERIALS & METHODS
Our patient is a 20-year-old male with exophthalmos,
chemosis, and ptosis following a motor vehicle collision.
Right carotid angiography revealed rapid filling of the ipsilateral cavernous sinus through a large CCF located in the
horizontal portion of the carotid siphon. The superior ophthalmic vein and anterior cavernous sinus were occluded
with 9 detachable platinum microcoils via a transarterial
approach. His symptoms improved, and on day 30 he was
discharged to rehabilitation. A follow-up angiogram performed at 12 weeks for worsening ipsilateral tinnitus
revealed enlargement of the fistula. Attempts at transarterial
coil occlusion were unsuccessful because of the large size of
the carotid rent. Placement of a covered stent across the
injury was undertaken with the knowledge that carotid
occlusion could still be performed if stent deployment was
unsuccessful or complicated. A 4.5 mm diameter by 19 mm
long JOMED JOSENT Coronary Stent Graft (Jomed AB,
Helsingbord, Sweden) was deployed successfully across the
fistula, resulting in immediate resolution of tinnitus.
RESULTS
Trackability of the delivery system was excellent, facilitated
in this case by the patient’s rather straight vascular anatomy.
Deployment was easy and uncomplicated, resulting in excellent reconstitution of the vessel lumen.
CONCLUSION
Advancements in technology are eventually likely to provide
a reliable and simple solution for the treatment of carotid
cavernous fistulas. Covered stents are a logical answer.
Although currently approved only for use in the coronary
arteries, the JOSTENT Coronary Stent Graft exhibits favorable characteristics for deployment in vessels that are not
particularly torturous.
KEY WORDS: Cavernous carotid fistula, covered stent, stent
graft.
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Paper 264 Starting at 10:30 AM, Ending at 10:38 AM
Long-Term Angiographic Follow Up of Intracranial
Aneurysms Treated with Detachable Coils: Single Center
Experience of 1040 Aneurysms
Suzuki, S. · Jahan, R. · Duckwiler, G. R. · Viñuela, F.

PURPOSE
The long-term exclusion of the aneurysm from circulation is
the goal of endovascular treatment of intracranial
aneurysms. Uncertainty remains regarding the long-term
efficacy of this technique. The objective of this study was to
assess the long-term angiographic follow-up observation of
aneurysms that had been treated with detachable coils at a
single institution.
MATERIALS & METHODS
The patients with intracranial aneurysms treated with
detachable coils at UCLA Medical Center between 1990 and
February 2005 were included in this study. All angiographic
findings were reviewed retrospectively to evaluate the
degree of aneurysm occlusion immediately after the procedure and at serial follow-up angiograms. The same evaluation was applied to the patients who underwent second or
third embolization for the recanalization or additional staging treatment of aneurysm. The recanalization and reembolization rates were assessed in each subgroup of aneurysm
defined by the anatomical location and configuration.
RESULTS
One thousand forty aneurysms (M/F 290/750, mean age 55
years) were treated in our institution with endovascular coil
embolization technique. The initial complete occlusion was

CONCLUSION
Our large series of long-term angiographic follow-ups of the
intracranial aneurysms treated with detachable coils have
demonstrated the stability of embolized aneurysms several
years following the treatments. The size, anatomical configuration, and location of the aneurysm also have been confirmed as important factors to monitor the durability of the
endovascular treatments.
KEY WORDS: Aneurysm, embolization, long-term
Paper 265 Starting at 10:38 AM, Ending at 10:46 AM
Relationship between Aneurysm Volume and Histologic
Healing after Coil Embolization in Elastase-Induced
Aneurysms: A Retrospective Study
Ding, Y. · Dai, D. · Lewis, D. A. · Danielson, M. A. ·
Kadirvel, R. · Cloft, H. J. · Kallmes, D. F.
Mayo Clinic
Rochester, MN
PURPOSE
There exists no histologic data correlating aneurysm volume
with histologic healing following coil embolization of
aneurysms. We report a retrospective study comparing histologic outcome in elastase-induced aneurysms in rabbits with
aneurysm volume.
MATERIALS & METHODS
Aneurysm volume and histologic healing after coil
embolization were analyzed retrospectively in 19 elastaseinduced aneurysms in rabbits. Conventional platinum coils
were used. Aneurysms were embolized as densely as possible. Digital subtractive angiography (DSA) was done after
embolization and before sacrifice. Histologic features (H-E
staining) including neck coverage and healing within the
aneurysm cavity. Aneurysms with good healing (Group 1, n
= 11) showed that aneurysm dome was filled completely
with almost or completely organized connective tissue, and

Thursday

University of California Los Angeles
Los Angeles, CA

achieved in 512 aneurysms. Remnant neck and partial dome
filling were observed in 432 and 54 aneurysm respectively
immediate after the procedure. In total 664 patients underwent follow-up angiograms (total 1330 angiograms). Of
these patients, the median number of the follow-up
angiograms were 2.0 (range 1 - 7). The mean angiographic
follow-up period was 7.3 months (range1 day - 108 months).
In the follow-up angiograms, further thrombosis, increase of
neck filling, and dome filling were observed in 76, 97, and
27 angiograms respectively. Only a few patients developed
an angiographic progression 4 years after the initial procedures. One hundred twenty-seven aneurysms required second and/or third embolizations. The mean interval period of
the second embolization was 7.6 months. The reembolization rates were significantly higher in the large and giant
aneurysms than that of the small aneurysms (22.4%, 24.0%
vs 6.8%, p < .005 Chi Square test). The reembolization rate
was also significantly higher in the wide-neck aneurysms
than that of the small-neck (7.1% vs . 16.0%, p < .005 Chi
Square test). Basilar tip aneurysm, carotid ophthalmic
aneurysms, and posterior communicating artery aneurysms
demonstrated higher rate of reembolizations (17.6%, 12.8%,
and 11.9% respectively).
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there was connective tissue across the aneurysm neck. For
aneurysms with poor healing (Group 2, n = 8), aneurysm
dome was filled with partially organized thrombus and blood
clot, part of the neck was covered by fibrin or blood clot.
Aneurysm volumes between the two groups were compared
using the Student’s t test.
RESULTS
Digital subtraction angiography images showed that all the
aneurysms were completely occluded after embolization,
and remained so at follow up. Comparison of aneurysm volume between two groups (well healed and poorly healed)
indicated there was significant difference in aneurysm volume between them (45.9 ± 18.1 mm3 and 80.6 ± 37.9 mm3
for well healed and poorly healed, respectively, p < .05).

tion (n = 2), procedure-related dissection (n = 2); undefined
cause (n = 10). The outcome was (n = 24) death in 24 controls.
CONCLUSION
It is an important part of the endovascular aneurysm treatment after coil compaction and/or coil migration to provide
stable coil occlusion through follow up and recoiling.
KEY WORDS: Aneurysm, coil, hemorrhage
Paper 267 Starting at 10:54 AM, Ending at 11:02 AM
Use of Removable Vascular Devices for Treatment of
Ruptured Wide-Neck Cerebral Aneurysms: Results of a
Pilot Study
Sani, S. · Musacchio, M. · Lopes, D.
Rush University Medical Center
Chicago, IL

CONCLUSION
Aneurysm volume is correlated with histologic healing after
coil embolization. Large aneurysm means relatively poor
healing, which is consistent with clinical findings of
aneurysms after endovascular embolization.
KEY WORDS: Aneurysm model, embolization, histology
Paper 266 Starting at 10:46 AM, Ending at 10:54 AM
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Bleeding from Intracranial Aneurysms after Coil
Treatment
Henkes, H.1, 2 · Fischer, S.1 · Weber, W.1 · Miloslavski, E.2 ·
Reinartz, J.2 · Kuehne, D.1
1

Alfried Krupp Krankenhaus, Robert Janker Klinik, Essen,
Bonn, GERMANY, 2Robert Janker Klinik, Bonn, GERMANY

PURPOSE
To determine the frequency and causes of bleeding from
intracranial aneurysms after endovascular coil treatment.
MATERIALS & METHODS
Between 10/1992 and 9/2005, 2726 intracranial aneurysms
were coiled in 2331 patients. Only 55 patients were lost to
follow up and for the remaining patients 5283 patient years
of clinical follow up were accumulated. All aneurysms that
bled after coiling were evaluated in retrospect.
RESULTS
Thirty-one aneurysms bled after coiling. The concerning
aneurysm locations were: tip of the basilar artery (n =
10/332; 3%), trunk of the basilar artery (n = 3/64; 1.6%),
vertebral aneurysms (n = 3/102; 2.9%), paraophthalmic (n =
3/179;1.7%), AcomA (n = 5/547; 0.9%), PcomA (n = 4/287,
1.4%), MCA bifurcation (n = 3/393; 0.8). The causes of
bleeding included: coil migration into thrombus (n = 6),
incomplete aneurysm coiling (n = 6), coil compaction (n =
2), progressive dissection (n = 3), de novo aneurysm forma-

PURPOSE
The endovascular treatment of wide-neck cerebral
aneurysms has become common practice with the development of removable vascular devices (RVD). The use of these
vascular implants requires antiplatelet treatment to prevent
thromboembolic events. The use of antiplatelets in the acute
phase of subarachnoid hemorrhage is contraindicated. We
report our protocol for the endovascular management of ruptured wide-neck cerebral aneurysms.
MATERIALS & METHODS
1) Ruptured wide neck cerebral aneurysms are initially treated with balloon-assisted or partial coiling. 2) After the critical phase of subarachnoid hemorrhage is over and no further
interventions required (EVD, VPS, PEG...) the antiplatelet
loading is given (Aspirin 325 mg + Plavix 75 mg for three
doses). 3) The RVD (Neuroform®, Boston Scientific Target,
Fremont, CA) is placed and further coiling then is performed
prior to discharge of the patient from hospital. 4) A sixmonth angiographic follow up is obtained.
RESULTS
We report our nine cases utilizing the described protocol. No
complications resulted from anticoagulation therapy or RVD
deployment across a ruptured aneurysm. One patient experienced a subdural hematoma after placement of a ventriculostomy catheter for treatment of acute hydrocephalus.
CONCLUSION
The staged RVD placement protocol described for endovascular treatment of wide-neck aneurysms is a safe and feasible therapeutic alternative. The use of RVD and coil technique is becoming the gold standard for vascular repair of
aneurysms (⇑durability). This protocol extends safely the
application of this technique to ruptured wide-neck
aneurysms.
KEY WORDS: Aneurysm, stent, subarachnoid hemorrhage
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Paper 268 Starting at 11:02 AM, Ending at 11:10 AM

Paper 269 Starting at 11:10 AM, Ending at 11:18 AM

Matrix Detachable Coils for the Treatment of
Intracranial Aneurysms: Mid-Term Report

Hemodynamic
Changes
after
Placement
of
Flowdiverters in Silicone Replicas of Elastase-Induced
Aneurysm Model in Rabbits

Murayama, Y.1 · Ishii, A.2 · Yuki, I.2 · Duckwiler, G.2 · Jahan,
R.2 · Vinuela, F.2
1

Wakhloo, A. K.1 · Seong, J.2 · Lieber, B. B.2

Jikei University School of Medicine, Tokyo, JAPAN,
University of California Los Angeles, Los Angeles, CA

1
University of Massachusetts Medical School, Worcester,
MA, 2University of Miami, Miami, FL

PURPOSE
The Matrix detachable coil is a new bioactive, bioabsorbable
coil utilized for the endovascular embolization of intracranial aneurysms. The Matrix coil has a platinum core covered
with a bio-active, bio-absorbable polymer (poly-glycolic
acid/lactide). The authors report mid-term clinical experience using the first generation Matrix detachable coil.

PURPOSE
To study hemodynamic changes in elastomeric in vitro models of elastase-induced saccular aneurysm in rabbits after
placement of flowdiverters.

2

MATERIALS & METHODS
One hundred and eighty-five patients harboring 195
aneurysms were treated with Matrix coils. Thirty-nine percent aneurysms were presented with acute subarachnoid
hemorrhage. Forty-six percent aneurysms were unruptured.
Nine percent aneurysms presented with mass effect and 4%
aneurysms presented with nonacute SAH. Ninety-eight
aneurysms (50%) were small and with a small neck, 47
(24%) were small with a wide neck, 47 (24%) were large,
and three aneurysms were giant. All patients were followed
to obtain angiographic and clinical outcomes. For comparative purposes the patients were divided into two groups.
Group A includes early 100 aneurysms treated by first generation Matrix I. Group B includes recent 95 aneurysms
treated by second generation Matrix II.

CONCLUSION
Matrix coils can be deployed in the aneurysms with technical complications similar to the GDC experience. Due to the
increased friction in the first generation Matrix I, the packing density in most aneurysms was less when compared with
GDC. The mid-term anatomical outcomes to date have
shown significant improvement of recanalization rate with
Matrix II system. Longer angiographic follow-ups are needed to document long-term efficacy.
KEY WORDS: Matrix detachable coil, intracranial
aneurysms, bioabsorbable polymer

RESULTS
A significant reduction in the magnitude of the flow inside
the aneurysm during both systole and diastole was observed.
Both flow diverters significantly reduced the shear rate and
reversed its direction at the distal neck of the aneurysm. At
the proximal neck shear rate magnitude also was reduced.
However, direction of the shear post-diverter remained in
phase with the direction in the control. Post-diverter the
hydrodynamic circulation was greatly diminished. The time
average of the hydrodynamic circulation was reduced to less
that 13% of its value in the control (Fig. 1). The vertebral
artery adjacent to the aneurysm and jailed by the flowdiverter showed a slight increase in the hydraulic resistance to
flow, but no significant reduction of the flow.

Thursday

RESULTS
Technical complication occurred in six patients. Of these
two patients deteriorated due to aneurysm perforation and
two patients deteriorated due to thrombus formation (morbidity 2.4%). Overall mortality rate was 4.9%. Immediate
postembolization angiograms showed a complete occlusion
in 36% aneurysms, a neck remnant in 45% aneurysms, and
residual aneurysm in 19% aneurysms. Angiographic follow
ups were obtained in 124 aneurysms (Group A 80; Group B
44). Average follow-up period was 12 months. In Group A,
76% aneurysms demonstrated progressive occlusion or stable neck and 24% aneurysms presented some degree of
recanalization. In Group B, 90% aneurysms demonstrated
complete occlusion or stable neck and 10% aneurysms presented with recanalization.

MATERIALS & METHODS
Experimental in vivo aneurysms were created in rabbit’s
common carotid artery using elastase. The representative
geometry was used to construct a compliant silicone model
of the aneurysm and the supraaortic vasculature for in vitro
testing. The in vitro models were fabricated by advanced
rapid prototyping techniques. The geometry was obtained
from 3D angiograms. The silicone model was attached to a
computer-controlled reciprocating piston pump. Flow waveforms were taken frorm in vivo model using a transit time
ultrasonic flowmeter. The flow in the aneurysm-parent complex was visualized using particle image velocimetry. Two
different flowdiverters of different porosity (71% and 65%)
but of the same filament diameter (38 microns) were studied.

Thursday.qxp

3/9/2006

11:59 AM

Page 192

192
CONCLUSION
Implantation of flowdiverters of appropriate porosity within
the parent vessel bridging an aneurysm at the bifurcation can
reduce significantly the flow activity inside the aneurysm.
The shear rate in the vicinity of the aneurysm neck, probably
one of the possible mechanisms for aneurysm growth, is
reduced. Flow through a perforator jailed by a porous diverter is not reduced significantly.
REFERENCES
1. Onizuka M, Miskolczi L, Gounis MJ, Seong J, Lieber BB,
Wakhloo AK. Elastase-induced aneurysms in rabbits - effect
of postconstruction geometry on final size. AJNR Am J
Neuroradiol 2005 ( in press)
2. Seong J, Lieber BB, Wakhloo AK. Compliant silicone elastomer models of elastase-induced aneurysms in the rabbit:
model construction and hemodynamics. Proc of 2004
ASME/IMECE, Anaheim, CA 2004. Abst. No. 59467
3. Lieber BB, Livescu V, Hopkins LN, Wakhloo AK. Particle
image Velocimetry assessment of stent design influence on
intraaneurysmal flow. Ann Biomed Eng 2004;30:768-777

KEY WORDS: Aneurysm, hemodynamics, flowdiverters

scribed reticular network of connective tissue was observed at
the periphery of the aneurysm at day 3, and growing centripetally, with digitations toward the center of the clot.
Staining of this reticular network with Masson Trichrome,
Sirius Red, and Collagen type 1 were negative. This network
was observed involving the entire aneurysm circumference
and was not specific to the aneurysm dome or the suture interface. Centripetally-migrating macrophages also were noted
within this tissue. We also performed global expression profiling of the healing process. A total of 1109 genes were changed
significantly during the time course. CXCL14, a monocytespecific chemokine, was up-regulated over 100 times throughout the time course. IGF-1 was up-regulated 4-fold at day 7,
while IGFBP2 was down-regulated approximately 50% at
days 7 and 14. Osteopontin (SPP1) up-regulation increased
from 30-fold at day 30 to 45-fold at day 14. EASE analysis
yielded eight functional classes of gene expression.
CONCLUSION
This investigation provides a detailed histologic and molecular analysis of thrombus organization in the swine
aneurysm model. The healing process demonstrated several
unique qualities and observations. Our upcoming work will
describe the effect of embolic materials on this process.

Paper 270 Starting at 11:18 AM, Ending at 11:26 AM
A Histologic and Molecular Analysis of Thrombus
Organization and Healing in the Swine Experimental
Aneurysm Model
Lee, D. W.1 · Yuki, I.1 · Murayama, Y.1 · Nishimura, I.2 ·
Chiang, A.3 · Vinters, H. V.1 · Wang, C.1 · Nien, Y.1 · Ishii, A.1
· Vinuela, F.1
1
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University of California Los Angeles School of Medicine,
Los Angeles, CA, 2University of California Los Angeles
School of Dentistry, Los Angeles, CA
PURPOSE
To describe the biology of thrombus organization in the
swine surgical aneurysm model.
MATERIALS & METHODS
Lateral carotid artery aneurysms with immediately induced
thrombosis were created in 31 swine for a time-course study;
1-day postcreation, 3 days, 7 days, 14 days, 30 days, and 90
days. Control specimens were harvested immediately postthrombosis. Histologic analysis included quantitative
immunohistochemistry and collagen deposition analysis.
DNA microarray analysis was performed for gene expression profiling. The lists of significantly changed genes were
cross-matched with genes known to be cytokine- or extracellular matrix-related. Selected genes were examined by
real-time PCR. Functional clustering with the EASE bioinformatics package was performed.
RESULTS
Histologic analysis demonstrated leukocyte and macrophage
infiltration at day 3, myofibroblast infiltration at days 7 to 14,
and progressive collagen deposition and contraction thereafter. Tissue organization occurred in a centripetal fashion.
Macrophage and myofibroblast infiltration were both noted to
migrate from periphery to center. Additionally, TGFb2 and
VEGF, two cytokines previously linked to traditional wound
healing, were not found to be significantly active, either in
immunohistochemistry or RNA studies. A previously unde-

KEY WORDS: Aneurysm, model, thrombosis
Paper 271 Starting at 11:26 AM, Ending at 11:34 AM
Follow Up after Embolization with Hydrocoils in 100
Aneurysms
Chapot, R. · Narata, A. · Rogopoulos, A. · Maubon, A.
Hôpital Universitaire Dupuytren
Limoges, FRANCE
PURPOSE
Hydrocoils® have been developed for embolization of
aneurysms. The platinum coil is covered by hydrogel that
expands in contact to blood to enable a higher rate of filling
and avoid recanalization. We evaluate the angiographic
results after 3 months to 2 years.
MATERIALS & METHODS
One hundred and twenty aneurysms were treated in 114
patients. The aneurysms were ruptured (n = 59), unruptured
(n = 50), or recanalized (n = 11), ranging in size from 2 to 22
mm. The filling rate was calculated in each patient based on
the volume of the aneurysm and the volume of the coils. The
volume of the aneurysm was calculated assuming that the
aneurysm was ellipsoid after measurement of larger, smaller,
and mean diameter of the aneurysmal sac or was measured
directly with a dedicated volume measurement device on 3D
angio (Philips Allura). Follow up was evaluated on angiography that was performed between 3 months and 2 years
after the procedure.
RESULTS
The mean filling rate was 79%, being significantly higher
than in aneurysms treated with bare coils. Follow up is available in 100 aneurysms and showed a stable result in 90
aneurysms and recanalization in 10 aneurysms classified as
class 2 (n = 6) and class 3 (n = 4) according to the Raymond
scale, requiring reembolization in two patients.
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CONCLUSION
Embolization with Hydrocoils® enables to achieve an
important filling rate and an occlusion that seems to be more
stable than with platinum coils.
KEY WORDS: Aneurysm, endovascular treatment

CONCLUSION
Our early clinical experience demonstrated that CerecyteTM
coils are safe and effective in treating ruptured and unruptured
intracranial aneurysms. All patients will be reassessed clinically and with MRA at 1, 3, and 5 years. Longer term follow up
and data from the Cerecyte Randomized Trial and Cerecyte
Registry will help elucidate the efficacy of this coil further.

Paper 272 Starting at 11:34 AM, Ending at 11:42 AM

KEY WORDS: Cerebral aneurysm, bioactive coils, Cerecyte

Polyglycolic Acid-Treated Platinum Coils for Patients
with Ruptured and Unruptured Cerebral Aneurysms:
Single Center Experience

Paper 273 Starting at 11:42 AM, Ending at 11:50 AM

Aagaard Kienitz, B. · Niemann, D. B. · Turk, A. S.

Subarachnoid Hemorrhage from Distal Anterior
Cerebral Artery Aneurysms Treated Endovascularly or
Surgically: Management and Results

University of Wisconsin
Madison, WI
PURPOSE
Recanalization continues to be a concern for aneurysms
treated by embolization with bare platinum coils (BPCs).
Bioactive coils containing polyglycolic acid have been
shown to enhance vascular repair and fibrosis in experimental models. The purpose of this study was to evaluate the
safety and efficacy of CerecyteTM coils which incorporates
polyglycolic acid.

RESULTS
Twenty-nine patients (18 women, 11 men; 22-80 years old)
with 29 intracranial aneurysms (range 2 mm-18 mm, 13 ruptured) were treated with CerecyteTM alone (11 patients) or in
combination with BPCs (18 patients, range 42-81%
CerecyteTM). Ten patients also were treated with Neuroform
stents. Twenty-four patients were coiled with the intention to
fully treat and five patients were intentionally dome protected (DP). Of the 24 patients fully treated, 15 patients have
complete follow-up data thus far (data on remaining six
patients will be complete within several weeks). All 15
aneurysms at follow-up MRA were either stable or improved
radiographically; there were no recanalizations. Eight
aneurysms remained occluded or stable and nine improved
(six progressed to occlusion and three improved one
Raymond score). Three of six aneurysms that progressed to
occlusion were treated with Neuroform stents and contained
50-100% CerecyteTM; the other three aneurysms were not
stented and were treated with 42-50% CerecyteTM. Modified
Rankin scores were 0 or 1 in all 15 patients at 6-month follow up. One patient had a procedure related stroke with no
neurologic deficit. Two patients died of vasospasm (1 DP
and one total occlusion) and one patient died of pneumonia
(total occlusion).

Rikshospitalet University Hospital
Oslo, NORWAY
PURPOSE
To evaluate treatment strategy of individuals with subarachnoid hemorrhage (SAH) from distal anterior cerebral artery
aneurysms.
MATERIALS & METHODS
From January 1997 to July 2005, thirty-two patients, 16
females and 16 males, average 51 years old (23-76 years)
were treated for hemorrhage due to ruptured distal anterior
cerebral artery aneurysms. They comprised 3.2% of 1000
subjects treated for SAH by ruptured aneurysms in our institution. We evaluated clinical outcome and treatment success
by analyzing medical charts and radiologic images.
RESULTS
All patients were admitted to our institution 0-4 days after
SAH. Eight patients were Hunt & Hess grade 1, 7 grade 2, 8
grade 3, 5 grade 4, and 4 grade 5. The average aneurysm size
measured 5 mm (2-13), and was located at the bifurcation of
pericallosal and callosomarginal arteries. Most patients underwent aneurysm repair within the first 24 hours. One patient was
deemed beyond repair and died. Fourteen individuals had their
aneurysm coiled; four underwent unsuccessful coil attempts,
thus a total of 17 subjects were clipped. Hematoma was present in 15 patients, 7 clipped and 8 coiled. Three subjects were
lost to follow up. Postoperative cerebral infarction was found
on CT scans in 8/17 surgically and 3/14 endovascularly treated
patients. Nine patients, of which five clipped and four coiled
had increased ventricular size at follow up compared to initial
CT scan. However, only two patients, both clipped, required
ventricular shunt. Complete aneurysm exclusion was found in
8/8 clipped and 2/11 individuals coiled. Twenty-five patients
(87%) had good outcome; one (3%) was severely disabled in
terms of Glasgow Outcome Score. Three patients (9%), died.
CONCLUSION
A higher incidence of cerebral infarcts was found in clipped
cerebral anterior aneurysms (47%) compared to coiled
aneurysms (21%). However, we did not find a difference in
outcome between these groups in terms of Glasgow
Outcome Score. The majority (87%) had good outcome.
KEY WORDS: Aneurysm, management, outcome
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MATERIALS & METHODS
This study is a single center prospective study of 29 patients
with intracranial aneurysms treated with CerecyteTM alone or
in combination with BPCs. Both clinical and angiographic
outcomes were recorded as well as procedural and technical
complications. Angiographic evaluation consisted of grading
occlusion (Raymond classification) at the end of the procedure as well as on postoperative and 6-month 3D TOF MRA
on a 1.5 T or 3 T GE scanner. Neurologic evaluation at time
of admission utilizing Hunt Hess scale was performed, as
well as 2-4-week and 6-month followup utilizing the modified Rankin scale.

Nome, T. · Tennoe, B. · Konglund, A. · Bakke, S. · Jacobsen,
E. · Sorteberg, A. · Sorteberg, W.
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Paper 274 Starting at 11:58 AM, Ending at 11:58 AM
From Clips to Coils to Stents … and Back Again? LongTerm Histologic and Scanning Electrone Microscopical
Results of Endovascular and Operative Treatments of
Experimentally Induced Aneurysms in the Rabbit

coiled aneurysms than in clipped. Whether or not this
increased risk is counterbalanced by the better immediate
outcome following endovascular treatment remains still a
matter of debate.
KEY WORDS: Intracranial aneurysm, coiling, clipping

Krings, T. · Hans, F. J. · Busch, C. · Sellhaus, B. · Thron, A.
University Hospital Aachen
Aachen, GERMANY
PURPOSE
Treatment strategies of ruptured cerebral aneurysms include
surgical clipping and endovascular therapies. To determine
the long-term results of these therapeutic strategies, the vessel wall reaction close to the former aneurysm can be studied histologically according to the assumption that an intact
endothelial layer over the former aneurysm neck constitutes
complete vessel wall reconstruction and thereby obliteration
of the aneurysm.
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MATERIALS & METHODS
We created aneurysms in 40 rabbits by distal ligation and
intraluminal incubation of the right common carotid artery
with elastase. While five animals served as untreated controls, five animals each were assigned to one of the following groups: 1) Treatment with porous stents alone, 2) treatment with polyurethane covered stentgrafts, 3) treatment
with porous stents and subsequent coiling through the meshes of the stent. Ten animals each were treated with conventional coiling and operative clipping of their respective
aneurysms. All animals were observed for 6 months followed by final 3D rotational angiography and histologic
analyses in five animals of each group. For the remaining
five animals of the clip and coil groups additional scanning
electrone microscopy was performed.
RESULTS
Porous stents alone did not obliterate reliably the aneurysm,
whereas stentgrafts did; however, in the latter group in-stent
stenosis of up to 60% was present due to neointimal multilayer proliferation. Stenting with subsequent coiling resulted
in compaction of the coils although dense packing was initially possible. In the coiled aneurysms, the aneurysm dome
was occluded completely with fibrinous and collageneous
extracellular matrix and granulation tissue; however, the
aneurysm neck and clefts within the coiled aneurysm were
still perfused, even in the angiographically completely
occluded aneurysms. Some of the coil loops lay bare within
the vessel with fresh thrombus material present on their surface, a neoendothelialization was not present. In the clipped
aneurysms, the blades of the clip had tightened the opposing
healthy vessel walls to each other with a thin layer of
endothelial lining bridging the two attached vessel walls
thereby completely obliterating the aneurysm and reconstructing the healthy vessel wall.
CONCLUSION
The study demonstrates on the one hand possible shortcomings and problems of emerging “stent-techniques” to treat
intracerebral aneurysms, on the other hand our results prove
that clipping of an aneurysm results in complete and stable
aneurysm obliteration with reconstruction of the vessel wall
while coiling does not. Our data are in correspondence with
the clinical literature in that the risk of a rebleed is higher in
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Paper 275 Starting at 10:30 AM, Ending at 10:38 AM
Imaging Findings of Bisphosphonate Associated
Osteonecrosis of the Jaws
Phal, P. M. · Myall, R. W. T. · Assael, L. A. · Weissman, J. L.
Oregon Health and Science University
Portland, OR
PURPOSE
Bisphosphonates decrease bone turnover by inhibiting osteoclast activity and are used to treat osteoporosis, pain from
osseous metastases, and malignancy-related hypercalcemia.
Recently, an association between the use of high potency
intravenous bisphosphonates and osteonecrosis of the maxilla and mandible has been described. These patients commonly present with nonhealing extraction sockets and
painful bone exposure. Due to the increasing use of bisphosphonates, these complications now are being encountered
more frequently. This study describes the imaging findings
of bisphosphonate-associated osteonecrosis of the jaws.
MATERIALS & METHODS
Retrospective series of seven clinically diagnosed patients,
identified at two centers. Five cases were in females, all of
whom had breast cancer. One of the male patients had multiple myeloma and the other had prostate cancer. The age
range of the patients was 52 to 75 years. Six cases involved
the mandible and one involved the maxilla. Imaging consist-
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ed of orthopantomograms in six patients and CT scans in
three patients. Three patients had follow-up imaging. The
images were reviewed by two radiologists.
RESULTS
The most frequent radiographic findings were cortical disruption, disorganized trabeculae with poor corticomedullary
differentiation and mixed lysis and sclerosis in the involved
bone. Periosteal new bone formation, sequestration, dense
osteopetrosis-like sclerosis, and encroachment on the inferior alveolar canal were findings that were variably present.
CONCLUSION
In our study the radiographic findings in bisphosphonateassociated osteonecrosis were nonspecific. It is important
therefore to correlate them with clinical data, in particular a
history of biphosphonate therapy, dental extraction, and
painful bone exposure, to help differentiate this entity from
metastases, infection, and radiation-induced osteonecrosis.
This is an ongoing study to which further cases are to be
added.

mouth positions was reviewed also, with the following
sequence parameters: 7 slices, slice thickness 2 mm, TR/TE
1800/12 msec, flip angle 180 degrees, time of acquisition
3:09 minutes, FOV 13 cm, matrix 256 x 256, 2 averages.
Two experienced neuroradiologists then reviewed imaging
from each joint in blinded fashion, rating each set of images
for confidence of disk position [1 (poor) to 5 (excellent)],
range of motion (normal, limited, or none), and the presence
of anteroposterior disk displacement (none, present with
reduction, present without reduction, and indeterminate).
Images also were rated for the presence of motion artifact [0
(none) to 2 (severe)].
RESULTS
The average rating of reader confidence of TMJ disk position was 4.25 for dynamic imaging, versus 3.88 for static
imaging, which was statistically significant (p = 0.041). With
respect to rating disk displacement, interobserver agreement
was higher with the dynamic MR imaging (kappa value
0.42) than with static MR imaging (kappa value 0.19).
Differences in ratings of motion artifact and range of motion
were not statistically significant.

KEY WORDS: Osteonecrosis, bisphosphonate, jaws
Paper 276 Starting at 10:38 AM, Ending at 10:46 AM
Dynamic Sagittal HASTE MR Imaging of the
Temporomandibular Joint: Comparison with Static
Proton Density Imaging
Wang, E.1 · Mulholland, T.2 · Nusbaum, A.1 · Pramanik, B.1 ·
Pavone, A.3
1

New York University School of Medicine, New York, NY,
2
New York University Medical Center, New York, NY, 3New
York University College of Dentistry, New York, NY

CONCLUSION
Dynamic sagittal HASTE imaging of the temporomandibular joint may represent a time-efficient adjunct to standard
static MR imaging of the TMJs, providing improved reader
confidence of disk position, and allowing for dynamic
assessment of range of motion. Further study of this technique is planned, with clinical correlation with patient symptomatology and arthroscopic findings.
REFERENCES
1. Takatsuka S, Yoshida K, Ueki K, et al. Disc and condyle translation in patients with temporomandibular disorder. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2005;99:614621

KEY WORDS: Temporomandibular, dynamic, MR imaging

MATERIALS & METHODS
We reviewed MR imaging of the TMJs performed on 14
individuals, for a total of 28 joints, including eight patients
referred for clinical symptoms of pain, limited range of
motion, or clicking related to the TMJs, and six volunteers.
Imaging of all patients was performed on a 1.5 T Siemens
(Erlangen, Germany) Avanto magnet in a 4-channel head
coil. Imaging reviewed included dynamic sagittal HASTE
MR imaging of each TMJ, perfomed during constant opening and closing of the mouth. This involved acquisition of 30
images through a single slice oriented sagittally through each
mandibular condyle with the following parameters: slice
thickness 7 mm, TR/TE 1180/65 msec, flip angle 140
degrees, time of acquisition 0:35 minutes, FOV 13 cm,
matrix 128 x 128, iPAT factor 2 [using GRAPPA (generalized autocalibrating partially parallel acquisition)]. Static
sagittal proton density imaging acquired in open and closed

Sakai, O. · Konowicz, A. · Fedele, J. · Jara, H.

Paper 277 Starting at 10:46 AM, Ending at 10:54 AM
Quantitative MR Imaging of the Parotid Gland Using the
Mixed TSE Pulse Sequence and Semiautomated
Segmentation: T1, T2, PD, and Apparent Diffusion
Coefficient Self-Coregistered Measurements: Technical
Note

Boston University
Boston, MA
PURPOSE
The relative composition between glandular tissue, lymphoid tissue, and fatty tissues in the parotid glands often is
affected by connective tissue disorders and other inflammatory or infectious disease. The purpose is to establish a new
technique for quantitative MR imaging of the parotid glands
using a mixed-TSE pulse sequence and dual-space clustering
segmentation algorithm. Specifically, we want to measure
T1, T2, PD, and ADC by correlation-time diffusion technique; this does not involve pulse field gradient encoding
and is therefore much less vulnerable to errors from nondiffusional motion.
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PURPOSE
The maintenance of normal disk and condyle translation is
important in temporomandibular joint (TMJ) function, independent of the presence of internal derangement or arthritis
(1). Current MR imaging techniques rely on static imaging
that can be limited in its ability to provide functional information with respect to TMJ motion. The goal of this project
was to evaluate dynamic sagittal HASTE (half-Fourier
acquisition single-shot turbo SE) MR imaging of the TMJs,
in comparison to static proton density imaging.
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MATERIALS & METHODS
The mixed-TSE pulse sequence (80 contiguous axial slices,
0.9 x 0.9 x 2.5 mm3 voxel) was used to generate T1, T2, and
PD spectra of each gland. A model-conforming algorithm
embodying this formula was used for diffusion coefficient
mapping. A Bloembergen-Purcell-Pound relaxation diffusion coefficient formula as function of the PD and T1 was
used. The parotid glands were segmented using a dual-space
clustering algorithm and then visually inspected by slice.
RESULTS
Semi-automated dual-space clustering segmentation was
successful for extracting the parotid glands (Fig 1) separately and bilaterally. This enabled generation of PD, T1, T2, and
ADC spectra of the whole glands (Fig 2), including extraction of the fatty tissue of the glands. The correlation-time diffusion technique provided a high spatial resolution ADC
map with less vulnerability to errors from nondiffusional
motion, suitable for detailed measurement of the glands.

CONCLUSION
A new technique for quantitative MR imaging of the parotid
gland is presented. This technique provides detailed and selfcoregistered spectra of T1, T2, PD, and ADC of the parotid
glands with high spatial resolution. It may be useful for
detecting early changes caused by parotid gland pathologies,
particularly in patients with systemic disease. A correlationtime diffusion technique demonstrated high spatial resolution and superior image quality due to reduced vulnerability
to motion and susceptibility artifacts.
KEY WORDS: quantitative MR imaging, parotid glands
Paper 278 Starting at 10:54 AM, Ending at 11:02 AM
Diffusion-Weighted Imaging of Ocular Adnexal
Lymphomas: Differential Diagnosis and Early
Indications on Response to Therapy
Politi, L. S. · Ferreri, A. · Pieralli, S. · Anzalone, N. · Falini,
A. · Scotti, G.
Ospedale San Raffaele
Milan, ITALY
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PURPOSE
1) to assess feasibility and optimal MR parameters of diffusion-weighted imaging (DWI) of the orbits; 2) to describe
characteristic MR imaging features of ocular adnexal lymphomas (OAL); 3) to determine mean apparent diffusion
coefficient (ADC) value of OAL and compare it with other
orbital pathologies; 4) to investigate whether the variation of
ADC value may represent an early predictor of response to
therapy.
MATERIALS & METHODS
Four healthy volunteers underwent several axial and coronal
DWI examinations with or without parallel imaging technique, with different “b values” and TE on 1.5 and 3 T scanners. Once optimal parameters were assessed, mean ADC
values of vitreus, lacrimal gland, extraocular muscles and
optic nerve were calculated upon acquisition of data in 10
healthy subjects. Seven patients carrying eight (one bilateral) pathology proven OAL underwent serial MR examinations (mean = 2.2) of the orbits with gadolinium. T1- and T2weighted images were acquired along axial, coronal, and
parasagittal planes with and without fat suppression. Before
gadolinium injection, two DWI sequences were acquired (b
= 700, thickness = 3 mm, sense reduction factor = 3.8) on the
axial and coronal planes and ADC maps were calculated.
Mean ADC values obtained before and after doxicycline
treatment were compared. Ten patients suffering from other
orbital diseases (3 cavernous angiomas, 3 Graves ophthalmopathy, 2 pseudotumor, 1 neurinoma, and 1 simple cyst)
underwent the same imaging protocol.
RESULTS
In 5/8 OAL lacrimal gland was involved. Extraconal tissue
was infiltrated in 4/8 cases, extraocular muscle in 2/8 and
intraconal tissue in 1/8. On T2-weighted images OAL
appeared as isointense to gray matter and slightly hyperintense to extraocular muscles in all cases. Enhancement was
intense and homogeneous. In all examinations quality of
DWI images was considered diagnostic, even if some distortion artifacts were always present on coronal images. Ocular
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adnexal lymphomas resulted hyperintense in DWI images
and hypointense in ADC maps. Apparent diffusion coefficient values of OAL resulted significantly different from
those of normal orbital structures (p < 0.002) and other
orbital diseases (p < 0.01). Before treatment, mean ADC
value of OALs was 610 (+/- 54) x 10-6 mm2/sec. After treatment in 3/8 cases a statistically significant decrease in the
ADC was observed; in two of these a significant reduction in
the volume of the lesion also was documented.
CONCLUSION
Diffusion-weighted imaging of the orbits is feasible and represents a useful technique for OAL diagnosis, being ADC
values of OAL significantly lower than those of nomal structures and other orbital disorders. Moreover, changes in ADC
could represent an additional helpful tool for monitoring the
outcome of OAL therapy.
KEY WORDS: Diffusion-weighted imaging, ocular adnexal
lymphoma

patients was the dacryocystocele confused with recurrent
tumor. Three of the six patients underwent a dacryocystorhinostomy with silicone tube placement and are currently
asymptomatic. Two of the patients are pending consultation
and one is not a surgical candidate due to concurrent
chemoradiation.
CONCLUSION
Dacryocystocele has a characteristic appearance on CT and
MR imaging as a cystic, fluid-filled structure with rim
enhancement and no adjacent solid components. The radiologist should be familiar with this complication of sinonasal
surgery to avoid misinterpreting dacryocystocele as recurrent tumor or other process. Knowledge of recent surgery,
clinical history, and comparison with preoperative imaging
will assist the radiologist in making the diagnosis of dacryocystocele.
KEY WORDS: Dacryocystocele
Paper 280 Starting at 11:10 AM, Ending at 11:18 AM

Paper 279 Starting at 11:02 AM, Ending at 11:10 AM

Orbit Roof Blow-In Fractures from Nonfrontal Gunshot
Wound

Debnam, J. M. · Esmaeli, B. · Ginsberg, L. E.

Shipman, J. L. · Aulino, J. M. · Dina, T. S.

The University of Texas M.D. Anderson Cancer Center
Houston, TX

Vanderbilt University Medical Center
Nashville, TN

PURPOSE
A dacryocystocele is an accumulation of secretions within
the lacrimal sac due to an obstruction more distally in the
lacrimal drainage apparatus. The causes of dacryocystocele
formation include congenital deformities, trauma, idiopathic
nasolacrimal duct blockage, and iatrogenic causes including
treatment of head and neck cancer in the sinonasal region.
Following sinonasal surgery, the nasolacrimal duct may
become obstructed leading to the formation of a dacryocystocele. The patient with a dacryocystocele may present with
epiphora (excessive tearing) and/or chronic dacryocystitis.
The purpose of this study was to review the imaging findings
of postoperative dacryocystocele in six patients who had
undergone surgery for sinonasal malignancy.

PURPOSE
To define the incidence of orbital roof "blow-in" fractures in
the presence of penetrating head trauma.

MATERIALS & METHODS
Six patients were identified with findings of postoperative
dacryocystocele on imaging studies. The diagnosis of nasolacrimal duct blockage and dacryocystitis was confirmed
clinically based on probing and irrigation of the nasolacrimal
duct in each patient. In all six patients, previous sinonasal
surgery included, at least, a partial maxillectomy for resection of a sinonasal tumor (2 squamous cell carcinoma, 1
sinonasal undifferentiated carcinoma, 1 adenoid cystic carcinoma, 1 osteosarcoma, and 1 chondrosarcoma). The initial
imaging, which was performed after sinonasal tumor resection, included CT in five patients and an MR imaging in one
patient. Follow-up imaging included CT in all six patients
and MR imaging in 3 patients.

RESULTS
Forty-six patients who presented with penetrating GSW head
injuries during the study period underwent CT imaging of
the head. Seventeen patients had calvarium entry and exit
wounds that did not affect the frontal or facial bones. Of
these 17 patients, 7 (41%) suffered orbit roof fractures. Six
of 7 injuries were self-inflicted. Six of the 7 patients (86%)
eventually died. The single survivor underwent bilateral
orbital roof fixation with repair of associated dural tears. All
of the orbital roof fractures were bilateral. Four of 7 patients
(57%) had associated orbital soft tissue pathology
(hematoma or muscle impingement) visible on head CT or
follow-up face/orbit CT exam. Two/seven (29%) patients
with orbital roof blow-in fractures were not identified
prospectively on the initial head CT exam.

RESULTS
In all six patients, the characteristic CT/MR appearance of
the dacryocystocele included a fluid collection with rim
enhancement along the course of the affected nasolacrimal
duct and no adjacent solid components. In none of these

MATERIALS & METHODS
After IRB approval, the institutional Trauma Registry was
searched for patients admitted with both penetrating gunshot
wound (GSW) head trauma and an admission head CT over
a 22-month period. Each head CT exam was inspected for
details regarding the penetrating injury and the presence of
orbital roof fractures. Patients were included in the study if
the penetrating head injury did not involve the frontal or
facial bones directly. Electronic medical records were examined for pertinent clinical information.
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went MDCT of neck with fixed tube current (300 mA) and
0.8 second rotation time. Remaining scanning parameters
were kept constant and included 120 kVp, 16 × 1.25 mm
detector configuration, 0.938:1 pitch, and 2.5 mm reconstructed section thickness. Objective noise [Hounsfield units
(H)] and mean tube current-time products (mAs) were
recorded. Two radiologists evaluated the images for diagnostic acceptability, and subjective noise on a five-point
scale (1, unacceptable; 3, average; 5, excellent) at upper
neck and shoulders. Data were analyzed with parametric and
nonparametric tests.

CONCLUSION
Orbital roof fractures are a common finding associated with
ballistic head injury. This injury is thought to be caused by a
significant increase in intracranial pressure during ballistic
entry, or with a pressure wave transferred through the
intracranial soft tissues. On initial head CT, blow-in fractures
may be missed because of distracting findings or poorly suited data algorithms. If the patient survives the initial cranial
ballistic injury, a dedicated orbit CT is recommended to
assess for blow-in fracture and associated orbital soft tissue
pathology.

RESULTS
All patients in both control and study groups had acceptable
diagnostic image quality (scores ≥3), although objective
noise at shoulder was significantly more with AEC (NI 8,
20.6 H ± 6.2; NI 10, 22.2 ± 4.6) than with fixed current (16.2
H ± 6) (p = .01). There was no significant difference between
AEC and fixed current groups for diagnostic acceptability
and subjective noise (p = .98-.99). Z-axis AEC had significantly less radiation exposure (Fig 1) (NI 8, 186.3 mAs ±
20.5; NI 10, 158.1 ± 21.3) than fixed tube current (240 mAs)
(p < .001). Using NI 10 resulted in an additional 12% radiation exposure reduction when compared to NI 8.

KEY WORDS: Orbit, fracture, gunshot wound
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Paper 281 Starting at 11:18 AM, Ending at 11:26 AM
Optimization of Z-Axis Automatic Exposure Control for
Multidetector Row CT Evaluation of Neck and
Comparison with Fixed Tube Current Technique for
Image Quality and Radiation Dose
Namasivayam, S. · Kalra, M. K. · Pottala, K. M. · Waldrop,
S. M. · Hudgins, P. A.
Emory University Hospital
Atlanta, GA
PURPOSE
Z-axis automatic exposure control (AEC) technique automatically adjusts tube current for multidetector row CT
(MDCT) based on size of body region being scanned. The
purpose of our study was to optimize z-axis AEC for MDCT
of extracranial head and neck, and compare its image quality and radiation exposure with fixed tube current technique.
MATERIALS & METHODS
IRB approval was obtained. Our study was in compliance
with HIPAA. A study group of 52 consecutive subjects
(mean age, 56 years; age range, 19-81 years; male: female
ratio, 28:24) underwent MDCT of neck with z-axis AEC
[AutomA, GE Healthcare Technologies, Waukesha, Wis;
150-440 mA, noise index (NI) 8 (n = 26), 75-440 mA, NI 10
(n = 26)] and 0.5-second gantry rotation time. Control group
comprised of 26 consecutive subjects (mean age, 49 years;
age range, 17-81 years; male: female ratio, 9:17) who under-

CONCLUSION
Compared with fixed tube current, z-axis AEC resulted in
similar image noise and diagnostic acceptability of MDCT of
neck. Z-axis AEC enables 7-51% reduction of radiation dose
when compared to fixed current. From our results, we recommend z-axis AEC with NI 10 for MDCT of neck for optimum diagnostic acceptability and substantial radiation dose
reduction.
KEY WORDS: CT, radiation exposure, CT, multidetector row,
CT, image quality
Paper 282 Starting at 11:26 AM, Ending at 11:31 AM
Intraconal Primitive Neuroectodermal Tumor
Cutter, D. M. · Cline, K. · Rosel, P.
Tulane University
New Orleans, LA
PURPOSE
We present an unusual case of an intraconal PNET arising
directly from the optic nerve in a three-year-old female.
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MATERIALS & METHODS
The patient presented with loss of visual acuity and mild
proptosis. CT and MR imaging studies revealed a lobulated
mass arising from the left optic nerve. A biopsy was performed and the pathologic diagnosis was PNET. Evaluation
for a primary source found no additional lesions. Surgery
was deferred by the patient’s family because of the disfigurement of enucleation. Chemotherapy and radiation has
shown a favorable response on follow-up imaging. A review
of the literature found 10 cases of orbital PNETs with only
one report of an intraconal origin. The patient’s prognosis is
unknown at this time.

Postbiopsy face MR imaging demonstrated a mildly T1hypointense and mildly T2-hyperintense, avidlyenhancing
mass, centered in the right posterior lamina papyrecea,
extending medially into the sinuses and laterally into the
orbit. There was marked compression and lateral displacement of the medial rectus and optic nerve, unchanged from
the CT exam. MR imaging confirmed the lesion did indeed
extend intracranially, transgressing the right orbital roof with
enhancement and thickening of the overlying dura along the
floor of the anterior cranial fossa.

Epithelioid Hemangioendothelioma of the Orbit

CONCLUSION
Epithelioid hemangioendothelioma is a soft-tissue vascular
neoplasm of intermediate grade, between that of a hemangioma and of an angiosarcoma. There is no sexual predominance and the tumor can be seen in a broad age range. The
clinical course is unpredictable as local recurrence and distant metastases have been described. Diagnosis is made on
the basis of the microscopic characteristics and the immunohistochemical reactivity. The treatment of choice is wide
local excision with some authors recommending preoperative embolization in some cases, because of tumor vascularity. The main sites of occurrence are the soft tissues, liver,
lung, and bone. Epithelioid hemangioendothelioma has been
described in the head and neck, namely in the thyroid, larynx, and parotid gland. There are very few case reports in the
literature of EHE involving the orbit. The imaging characteristics are relatively nonspecific, and differential considerations include fibro-osseous lesion and atypical esthesioneuroblastoma. There is avid enhancement on postcontrast
images reflecting the vascular nature of the tumor.

Allred, J. W. · Aulino, J. M. · Ely, K. A. · Thompson, R. C. ·
Sinard, R. J.

KEY WORDS: Epithelioid hemangioendothelioma, orbit,
tumor

RESULTS
CT and MR imaging show an enhancing lobulated mass arising from the left optic nerve with heterogenous intensity on
MR imaging. Subcentimeter foci of cystic degeneration were
present. The tumor involved the left optic nerve from the
optic canal to its insertion into the globe. There is effacement
of the globe by the mass and proptosis.
CONCLUSION
A primitive neuroectodermal tumor of the optic nerve is a
rare manifestation of this neoplasm.
KEY WORDS: PNET, orbital, intraconal
Paper 283 Starting at 11:31 AM, Ending at 11:36 AM

Vanderbilt University Medical Center
Nashville, TN
Paper 284 Starting at 11:36 AM, Ending at 11:41 AM

MATERIALS & METHODS
A 22-year-old female presented with a 2-month history of
progressive vision loss and worsening right-sided headache.
CT of the orbits demonstrated a mass in the right sphenoethmoid region with intraorbital extension and compression of
the right optic nerve. Using stereotactic imaging guidance,
the patient underwent right partial middle turbinectomy and
endoscopic sphenoidotomy with biopsy. Histologic evaluation was consistent with EHE. The patient then underwent
face MR imaging, discussed below, as well as CT imaging of
the chest, abdomen, and pelvis to identify a primary tumor,
which was negative. The patient will undergo craniofacial
resection for definitive treatment.
RESULTS
CT of the orbits demonstrated a 1.8 x 1.9 cm soft tissue
attenuation mass, appearing to contain stippled calcifications, centered in the posterior right lamina papyrecea,
extending medially into the posterior right ethmoid air cells
and right sphenoid locule and laterally into the extraconal
space of the right orbit. There was compression and lateral
displacement of both the medial rectus muscle and optic
nerve. There was the suggestion of intracranial extension.

The Case of a Rare Benign Lesion of the Hypopharynx
Bradbury, M. S. · Karimi, S. · Cayci, Z. · Stambuk, H. · Patel,
S.
Memorial Sloan-Kettering Cancer Center
New York, NY
PURPOSE
To report a case of a pyriform sinus hemangioma, a rare
hypopharyngeal tumor, in a patient with Hurthle cell carcinoma of the right thyroid lobe, and discuss relevant imaging
features and differential considerations. The diagnosis was
confirmed by endoscopy.
MATERIALS & METHODS
The patient, a 58-year-old male, presented with a history of
hoarseness and difficulty swallowing after a right thyroid
lobectomy and isthmusectomy for a minimally invasive
Hurthle cell carcinoma. Examination of the neck and thyroid
bed revealed no evidence of recurrent disease on the right
side and a nonpalpable left thyroid lobe. Flexible fiber optic
endoscopic examination of the laryngeal region revealed a
paralyzed right vocal cord, as well as a submucosal, bluish
mass along the medial wall of the left pyriform sinus involving the postcricoid region.

Thursday

PURPOSE
To present a case of epithelioid hemangioendothelioma
(EHE), which is a rare tumor to occur in the head and neck,
and exceptionally uncommon to occur in the orbit.
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RESULTS
A postcontrast CT scan of the neck demonstrated an enhancing, nonpedunculated soft tissue mass centered within the
right hypopharynx/pyriform sinus, which measured 1.6 x 1.0
x 1.9 cm in maximum transverse, anterior-posterior, and
superior-inferior dimensions, respectively. The lesion was
applied closely to the pharyngeal surface of the aryepiglottic
fold superiorly, and extended inferiorly to the right postcricoid region, at the level of the upper arytenoid. A subcentimeter, exophytic low density lesion, without evidence of a
soft tissue component, was seen additionally arising from the
medial and posterior margins of the left aryepiglottic fold,
thought to represent a mucous retention cyst.

of the extraaxial mass. Thinning of the bone overlying the
inner ear on the right was consistent with congenital dehiscence of the superior semicircular canal and entirely consistent with the patient’s presenting symptoms. Repeat MR
scan obtained 1 year later showed complete resolution of the
middle fossa mass.

CONCLUSION
As the great majority of hypopharyngeal tumors are squamous cell carcinomas, this would be a primary consideration
in this patient with a history of thyroid carcinoma and an
enhancing right pyriform sinus mass. However, the imaging
findings coupled with the endoscopic evaluation strongly
favor a benign etiology, as in this patient with a confirmed
hemangioma, although such lesions are often pedunculated
and exceedingly rare.
KEY WORDS: Hemangioma, hypopharyngeal masses
Paper 285 Starting at 11:41 AM, Ending at 11:46 AM
Temporomandibular Joint Cyst with Intracranial
Extension: A Rare Cause of Middle Cranial Fossa
Enhancing Cyst
McIntyre, J. J. · Mamourian, A.

Thursday

Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
We report the rare case of a cyst arising from a degenerative
TMJ and extending into the middle cranial fossa presenting
as an extraaxial mass in a patient with superior semicircular
canal dehiscence syndrome.
MATERIALS & METHODS
A 45-year-old male presented 5 years ago with an acute
episode of rotatory vertigo associated with dysautonomia
and nausea. Tandem gait and eyes closed walking lateralized
to the right. He was treated for a right vestibulopathy with
balance exercises, audiogram and meclizine and later
clonezepam with good results. The patient denied TMJ pain
or limitations in range of motion. MR imaging and CT were
performed 4 years after initial presentation to rule out underlying posterior fossa tumor. These showed an intracranial
mass which did not correlate with clinical symptoms. There
was no intervention and the patient was followed with MR
imaging at 1 year.
RESULTS
Axial T2 and coronal T1 images after gadolinium demonstrated an 8 mm extraaxial mass with fluid signal intensity
and peripheral enhancement immediately cephalad to the
condylar fossa in the left middle cranial fossa. Direct coronal CT imaging confirmed severe TMJ degenerative changes
and demonstrated an osseous communication from the left
mandibular fossa to the middle cranial fossa at the location

CONCLUSION
We report the rare case of a cyst arising from a degenerative
TMJ and extending into the middle cranial fossa presenting
as an extraaxial mass in a patient with superior semicircular
canal dehiscence syndrome. This would support the theory
that there is a developmental abnormality of the temporal
bone in semicircular canal dehiscence syndrome characterized by thinning, which may either promote premature
degeneration and or allow communication with the middle
cranial fossa. It also illustrates the need to consider extracranial disease when evaluating the pathogenesis of extraaxial
masses.
KEY WORDS: Temporomandibular joint, extraaxial mass,
cyst
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Paper 286 Starting at 11:46 AM, Ending at 11:51 AM
HIV-Associated Burkitt’s Lymphoma Presenting as
Bilateral Lacrimal Gland Swelling
Liu, B. P. · Sakai, O.
Boston Medical Center
Boston, MA
PURPOSE
To describe a case of HIV-associated Burkitt’s lymphoma
presenting as bilateral lacrimal gland enlargement.
MATERIALS & METHODS
A 35-year-old woman presented with right periorbital
swelling and pain, unresponsive to antibiotics or a trial of
corticosteroids. CT and MR imaging demonstrated bilateral
lacrimal gland enlargement. During her work up, she was
identified as HIV positive, so lymphoma became a signficant
consideration for lacrimal gland enlargement. A bone marrow biopsy revealed high-grade non-Hodgkin’s lymphoma
of Burkitt’s type. She developed back pain and an epidural
mass was found at MR imaging. Full-body imaging showed
involvement in lymph nodes, gastric wall, and right kidney.
All lesions responded to systemic chemotherapy.

CONCLUSION
We describe a case of HIV-associated Burkitt’s lymphoma
presenting as bilateral lacrimal gland enlargement. To our
knowledge, this is the first case of systemic HIV-associated
Burkitt’s lymphoma presenting with bilateral dacryoadenitis
as the exclusive head and neck manifestation. In the setting
of HIV infection, lymphoma presenting as dacryoadenitis
should be considered with a high index of suspicion. If
orbital lymphoma is confirmed at biopsy, it may be local disease or a manifestation of systemic disease, and extraorbital
lymphoma should be excluded by full-body imaging and
bone marrow biopsy.
KEY WORDS: HIV, Burkitt's lymphoma, lacrimal gland
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RESULTS
CT and MR imaging of the orbits showed asymmetric bilateral lacrimal gland enlargement. No other head and neck
lesions were identified. The enlarged lacrimal glands exhibited homogeneously low T1 and T2 signal intensities with
minimal signal change in the adjacent fatty tissue, and
enhanced homogeneously with gadolinium (Fig1). The differential diagnosis included dacryoadenitis secondary to
infection or inflammation, pseudotumor (idiopathic orbital
inflammation), lymphoproliferative disorder, and lymphoma. Given the history of HIV infection, lymphoproliferative disorder and lymphoma were highly suspected.
Postcontrast T1-weighted MR imaging of the thoracic spine
demonstrated an enhancing epidural mass (Fig 2).
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Paper 287 Starting at 11:51 AM, Ending at 11:56 AM
Bilateral Superior Ophthalmic Vein Thrombosis
Al Azri, F. · Lum, C. · Goyal, M. · Miller, W. · Kingstone, M.
· Nugyen, T.
University of Ottawa
Ottawa, ON, CANADA
PURPOSE
We present an unusual presentation of cavernous sinus
thrombosis secondary to meningitis.

Thursday

MATERIALS & METHODS
A 73-year-old female presented with progressive weakness,
confusion, and diplopia. On admission she had stiff neck and
pinpoint pupils but equally reactive to light. There was leftsided weakness, left facial drooping, and right sixth nerve palsy.
RESULTS
MR imaging of the brain showed bilateral enlargement of ophthalmic vein with filling defects on contrast-enhanced T1weighted (T1W) imaging (Fig 2). There was filling defect in
right sigmoid sinus. Also, there was restricted diffusion on diffusion-weighted imaging (DWI) involving both superior ophthalmic veins (Fig 1). There were also findings of ischemia
involving right side of tectal, pons, and cerebellum which do
not follow specific vascular distribution raising probability of
venous infarction. On FLAIR images there were abnormal
high signal in prepontine and basal cistern CSF spaces, as well
as left temporo-frontal subdural collection with rim enhancement. This associated with diffuse leptomeningeal enhancement. The sphenoid sinus was opacified completely on T1W
and there were some hyointensities on T2W which raised suspicion of hemorrhage or fungal materials. Culture from left
sinus was positive for staphylococcus and from blood was
positive for peptostroptococus. Cerebrospinal fluid examination revealed elevated white blood count and no organism cultured. Patient was treated with appropriate antibiotics and
warfarin. Follow up 3 weeks later showed marked clinical and
imaging improvement. The ophthalmic veins were almost normal on follow-up MR imaging.

Thursday Morning
11:15 AM – 12:00 PM
Room 14A
(59) ELC Lecture F: Advanced
Imaging Processing in MR Imaging
 TBD

Thursday Afternoon
1:15 PM – 2:45 PM
Room 2
(61) ELC Workshop E: Advanced Web
Design
 Dale A. Charletta, MD

Thursday Afternoon
1:15 PM – 2:45 PM
Room 5AB
(62) Molecular and Biological
Imaging: Future Applications in
Functional Neuroradiology (ASFNR)
Abeta-Specific Imaging in Alzheimer’s Disease
 Hank Kung, PhD
Cell Tracking and Its Future Implication to
Neuroimaging
 Joseph Frank, MD

CONCLUSION
Bilateral ophthalmic vein thrombosis is uncommon. MR
imaging plays a crucial role in early diagnosis and prompt
appropriate treatment carries a positive outcome as demonstrated in this case.
KEY WORDS: Superior ophthalmic vein, venous thrombosis

Imaging Biomarkers of Tumor Biology
 Meng Law, MD
Moderators:

Dima Hammoud, MD
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Abeta-Specific Imaging in Alzheimer’s Disease
Hank Kung, PhD

Cell Tracking
Neuroimaging

and

Its

Future

Implication

to

understanding of the pathophysiology of neurologic diseases
serving as a basis for translation to the clinic. Various MR
imaging techniques are being used to monitor cell trafficking
correlating results to histology. In the future, cellular imaging will have a role and provide valuable information in
monitoring and guiding clinical trial using cell-based therapies and cell-based gene therapy in the treatment of central
nervous system diseases.

Joseph Frank, MD
Dr. Joseph A. Frank is currently the Chief of the
Experimental Neuroimaging Section, in the Laboratory of
Diagnostic Radiology Research in the Clinical Center at the
NIH. He received his undergraduate B.A., M.S., and M.D.
degrees at the SUNY at Stony Brook and work from 19731978 under the direction of Dr. Paul Lauterbur, the 2003
Nobel Laureate for Physiology and Medicine. His residency
training was in internal medicine at University Hospital,
Boston University and Oncology fellowship at the NCI. His
major translation research interest is in the area of developing novel MR imaging contrast agents for cellular imaging
and has recently pioneered techniques using FDA-approved
superparamagnetic iron oxide nanoparticles complexed to
transfection agents to magnetically label stem cells and
other mammalian cells. This approach has allowed imaging
scientist to use cellular MR imaging to monitor the temporal
spatial migration of labeled cells into diseased tissues for
repair, replacement, or delivery of therapy. Dr. Frank also
has a long-standing clinical research interest using MR
imaging and MR spectroscopic imaging as outcome measures to monitor the natural history and effect of treatment in
central nervous system diseases. He has written more than
240 articles and 14 book chapters.

PRESENTATION SUMMARY
Magnetic labeling of cells provides the ability to monitor the
temporal spatial migration of stem cells and other mammalian cells using in vivo MR imaging. Various methods
have been used to magnetically label cells using FDAapproved dextran-coated superparamagnetic iron oxide
(SPIO) nanoparticles complexed to FDA-approved transfection agents allowing for efficient and effective uptake of the
contrast agent by stem cells, lymphocytes, dendritic cells,
and other cells. A variety of different approaches used to
label stem cells with SPIO nanoparticles with no short or
long-term toxicity, alterations in cell viability, proliferation,
production of reactive oxygen species, increase rates of
apoptosis or ability to differentiate. Transplantation of magnetic labeling of stem cells and immune cells has allowed for
the tracking of these cells across the blood-brain barrier in
various experimental brain and spinal cord models of malignancy, inflammation, autoimmune and trauma furthering our

Meng Law, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the role of perfusion MR and MR spectroscopy in
the imaging of tumor biology.
2) Discuss the correlation between the imaging markers and
histopathologic/molecular markers of tumor biology.
3) Identify how these markers can be used to triage further
histopathologic/molecular studies and therapy.
PRESENTATION SUMMARY
Biomarkers are anatomical, physiologic, biochemical, or
molecular metrics associated with the presence and severity
of disease. Imaging tumor biology can be approached in two
ways: imaging either targeted biological markers directly or
the physiological/biochemical consequences of tumor biology. When imaging the targeted biomarkers of angiogenesis
for example, one can image: the angiogenic nonendothelial
cells (e.g., monocytes, stem cells); markers of angiogenic
endothelial cells (e.g., αVβ3 integrin, CD31, VEGF) or
markers of the angiogenic extracellular matrix (e.g., MMPs).
Imaging the consequences of tumor biology involves: vascular permeability; vascular perfusion (pH, metabolism from
MR spectroscopy, cellular function, blood flow and blood
volume from perfusion MR imaging); tissue oxygenation
and hypoxia [BOLD and electron paramagnetic resonance
(EPR) oximetry] (1-3). Choline (Cho) metabolism is complex and beyond the scope of this discussion; however,
changes in Cho metabolism results in Cho elevation in
tumors. These have been correlated directly with molecular
measures of cellularity such as Ki-67/MIB-1 indices. Lactate
is the end product of nonoxidative glycolysis and can be correlated with tissue hypoxia. Combining perfusion MR imaging and MR spectroscopy (MRS), Li et al demonstrated low
rCBV but high lactate in areas of tumor hypoxia and relatively high rCBV and high lipid in areas of cell death and
membrane destruction (4). These metabolites also have been
correlated with markers of hypoxia such as pimonidazole,
EF-5, CA-9, and HIF. Molecular studies indicate that loss of
heterozygosity of 1p19q is important in identifying prognostically favorable gliomas, particularly oligodendrogliomas.
Oligodendrogliomas with 1p and 19q deletions have been
shown to have higher CBV. Hence, gliomas with higher
CBV,
should
be
considered
for
further
histopathologic/molecular studies as well as adjuvant therapies (5).
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Propose how imaging can be used to monitor cellular therapies.
2) Review the various methods for magnetic labeling cells
for.
3) Illustrate examples using MRI of magnetically labelled
Stem Cells and immune cells in CNS Diseases.
4) Discuss the long and short term effects of labeling cells
with iron.

Imaging Biomarkers of Tumor Biology
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Global Anatomy of the Infrahyoid Neck
H. Christian Davidson, MD

Normal Anatomy and Diseases of the Larynx and
Hypopharynx
Karen A. Tong, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the normal anatomy of the hypopharynx.
2) Discuss the major pathologic conditions of the larynx and
hypopharynx.
3) Review the normal anatomy of the larynx.
PRESENTATION SUMMARY
The larynx and hypopharynx are part of the upper aerodigestive system in the neck, and are intimately associated.
They are often difficult areas to evaluate due to challenges in
imaging due to breathing and swallowing motion, as well as
overlapping anatomy. The anatomical subunits of the
hypopharynx include the pyriform sinus, posterior hypopharyngeal wall, and postcricoid area. The anatomical subunits
of the larynx include the supraglottis, glottis, and subglottis.
Anatomical structures within each subunit will be reviewed.
Various imaging methods have been used to evaluate these
areas. However, CT remains the most useful initial technique, with MR imaging providing complementary information when necessary. Common pathologic conditions in the
region will be discussed. The major pathology that affects
both areas is squamous cell carcinoma. Tumor staging in
each area will be discussed, with emphasis on critical imaging questions and examples. Additional laryngeal pathology
includes other neoplasms, infection, inflammation, vocal
cord paralysis, and laryngocele.

Visceral Space Anatomy and Pathology
Barton F. Branstetter, IV, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the anatomy of the visceral space and understand
how this anatomy affects the radiologic manifestations of
disease.
2) Classify lesions of the visceral space into a logical interpretation scheme.
PRESENTATION SUMMARY
The visceral space lies in the center of the infrahyoid neck.
The space is formed by the deep cervical fascia that surrounds the pharynx, larynx, esophagus, and thyroid gland.
This lecture will briefly review the anatomy of the visceral
space, then discuss a logical scheme for classifying lesions
in the visceral space, and then focus on radiologic examples
of pathology. The thyroid gland is responsible for most of the
extralaryngeal pathology in the visceral space, and an
approach to thyroid masses will be outlined. The parathyoid
glands and the pharynx/esophagus will also be discussed.
Although the larynx and hypopharynx are within the visceral space, they deserve their own lecture.
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The Normal and Diseased Retropharyngeal and
Perivertebral Spaces

Angiographic Complications: Avoidance, Recognition
and Treatment

Bronwyn E. Hamilton, MD

Mary E. Jensen, MD

Thursday Afternoon

Thursday Afternoon

1:15 PM – 2:45 PM
Ballroom 6ABCF

3:15 PM – 4:45 PM
Room 2

(64) Cerebral Angiography:
Performance and Complication
(ASITN) – Audience Response
System (ARS)*

(65) ELC Workshop C: Advanced
PowerPoint
 H. Christian Davidson, MD
 Adam E. Flanders, MD

Patient Selection and Preparation
 Ali Shaibani, MD
Basic Techniques: Catheters, Projections and Access
 Theodore Larson, MD
Advanced Techniques for Difficult Patients
 Gary Nesbit, MD
Angiographic Complications: Avoidance,
Recognition and Treatment
 Mary E. Jensen, MD

3:15 PM – 4:45 PM
Ballroom 6ABCF
(66a) INTERVENTIONAL:
Aneurysms II
(Scientific Papers 288 – 298)

Mary E. Jensen, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology used in the Self Assessment Modules
(SAM) Sessions.

See also Parallel Sessions
(66b) HEAD AND NECK: Skull Base, Temporal Bone,
Sinonasal
(66c) ADULT BRAIN: Vascular, Extracranial
(66d) ADULT BRAIN: Demyelinating, Degenerative,
Cerebrovascular and Metabolic Diseases
Moderators:

Patient Selection and Preparation

Frank C. Tong, MD
Abraham M. Obuchowski, MD

Ali Shaibani, MD
Paper 288 Starting at 3:15 PM, Ending at 3:23 PM
Basic Techniques: Catheters, Projections and Access
Theodore Larson, MD

Aneurysm Retreatment after Successful Coil
Embolization in the International Subarachnoid
Aneurysm Trial
Campi, A. · Molyneux, A. J. · Byrne, J. V.

Advanced Techniques for Difficult Patients
Gary Nesbit, MD

University of Oxford
Oxford, UNITED KINGDOM
PURPOSE
To identify the frequency, reasons, and consequences of
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retreatment of aneurysms randomized to endovascular treatment (EVT) in a large multicenter randomized control trial
(RCT).
MATERIALS & METHODS
Patients recruited to the International Subarachnoid
Aneurysm Trial (ISAT) between 1994-2002 still are followed annually and any hospital readmissions reported by
investigators (1). Primary endovascular treatments resulted
in complete (Grade 1) or at least 90% occlusion (Grade 2) of
the target aneurysm in 987 patients. We identified all patients
who had subsequent treatments because of aneurysm recurrence. Details were compared to the whole cohort to identify risk factors for recurrence and outcomes.
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RESULTS
Aneurysm recurrences requiring retreatment occurred in
8.2% (81/987) of all coiled patients. At the time of primary
treatment, 34 patients showed Grade 1, while 47 showed
Grade 2 occlusion. Aneurysms with < 5 mm and 6-10 mm
lumen size had similar recurrence rates (7%), while
aneurysms with lumen size > 11 mm had 12%. Recurrences
in large aneurysm subgroup were six times more common in
Grade 2 than in Grade 1 occlusions. Retreatment was
endovascular in 60 and clipping in 21. The interval to retreatment was 3-80 months (mean 24) for Grade 1 and 4-71
months (mean 17) for Grade 2 patients. Rebleeding occurred
in six patients (7.4%) prior to retreatments. One patient, after
retreatment had a further rebleed and died. Of the 60 patients
undergoing endovascular treatment three were treated acutely after rebleeding while no rebleeding was reported in the
remaining 57 patients. Procedural complications resulting in
transient neurologic symptoms were reported in three
patients. The Modified Rankin scores after retreatment were
the same (31 patients), better (15 patients) or worse (11
patients) than after primary treatment patients.

Paper 289 Starting at 3:23 PM, Ending at 3:31 PM
Control of Aneurysm Volume by Adjustment of the
Position of Ligation during Creation of Elastase-Induced
Aneurysms: A Prospective Study
Ding, Y. · Dai, D. · Lewis, D. A. · Danielson, M. A. ·
Kadirvel, R. · Cloft, H. J. · Kallmes, D. F.
Mayo Clinic
Rochester, MN
PURPOSE
Animal models with appropriate volume are crucial for preclinical assessment of aneurysm therapies. Our purpose was
to control the aneurysm volumes (large or small) by adjusting the position of ligation during creation of elastaseinduced aneurysms in rabbits.
MATERIALS & METHODS
Sixty elastase-induced aneurysms in rabbits were created.
Two different methods were used for creation, including
Group 1 (n = 30) using lower ligation (from origin of RCCA
to ligation point, 10 mm); and Group 2 (n = 30) using higher ligation (from origin of RCCA to ligation point, 15 mm).
Aneurysm sizes (neck diameter, width and height) and volume in the two groups were measured and calculated. The
aneurysm sizes and volume between two groups were compared using the Student’s t test.
RESULTS
The mean aneurysm neck, width, and height for Group 2 was
significantly larger than that of Group 1 (3.3 ± .8 and 2.7 ±
0.6 mm, p < .001; 3.7 ± .7 and 2.5 ± .7 mm, p < .001; 9.0 ±
1.7 and 7.3 ± 1.9 mm, respectively). The aneurysm volume
in Group 2 was significantly larger than that in Group 1
(102.4 ± 54.8 mm3 and 36.6 ± 26.8 mm3, p < .001).

CONCLUSION
Aneurysm recurrence was related to size and grade of primary occlusion. Morbidity of elective coiling retreatment is
low and the need for further treatment after coiling did not
outweigh the 1-year benefit (2) seen in ISAT.
REFERENCES
1. International Subarachnoid Aneurysm Trial (ISAT)
Collaborative Group. International Subarachnoid Aneurysm
Trial (ISAT) of neurosurgical clipping versus endovascular
coiling in 2143 patients with ruptured intracranial
aneurysms: a randomised trial. Lancet 2002;360:1267-1274
2. Molyneux AJ, Kerr RSC, Yu LM, Clarke M, Sneade M, Yarnold
JA, Sandercock P, for the International Subarachnoid Aneurysm
Trial (ISAT) Collaborative Group. International subarachnoid
aneurysm trial (ISAT) of neurosurgical clipping versus
endovascular coiling in 2143 patients with ruptured
intracranial aneurysms: a randomised comparison of effects
on survival, dependency, seizures, rebleeding, subgroups and
aneurysm occlusion. Lancet 2002;366:809-817

CONCLUSION
The aneurysm volume of elastase-induced model can be controlled by adjusting the position of ligation. Using higher ligation can creat relatively more voluminous aneurysms, comparing with lower ligation.

KEY WORDS: Aneurysm, embolization, retreatment
KEY WORDS: Aneurysm model, volume, control
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Paper 290 Starting at 3:31 PM, Ending at 3:39 PM
Further Coil Embolization in Previously Coiled Cerebral
Aneurysms: Does the Risk of Additional Treatment
Negate the Advantage of Coiling Demonstrated in the
ISAT Study?
Renowden, S. A.1 · Benes, V.1,2 · Molyneux, A. J.1
1

Frenchay Hospital, Bristol, UNITED KINGDOM,
Regional Hospital, Bristol/Liberec Czech Republic, UNITED KINGDOM
2

PURPOSE
The long term natural history of the neck remnant in the previously coiled aneurysm is unknown. Rebleeding from a previously coiled aneurysm is uncommon but bleeding from
remnants is well described. Our aim was to determine the
complication rate in retreating previously coiled aneurysms
with unruptured remnants in order to determine if retreatment had a significant effect on the outcome benefit for coiling seen in ISAT.
MATERIALS & METHODS
Patients were identified from a prospectively collected database on endovascular aneurysm treatment. Patient outcome
was obtained from neurosurgical records.

CONCLUSION
This study has shown that further endovascular therapy is
considered necessary in only a small proportion of previously coiled aneurysms. The complication rate of additional
embolization is very low. Angiographic follow up should be
somewhat individualized and in some aneurysms may need
to be prolonged. This study suggests that the need to recoil a
small number of aneurysms does not alter the significant
clinical benefit seen in ISAT.
KEY WORDS: Coiling, aneurysm, remnant
Paper 291 Starting at 3:39 PM, Ending at 3:47 PM
Visualization of Hemodynamics in Silicon Intracranial
Aneurysm Models with the Use of Stereoscopic Particle
Image Velocimetry
Isoda, H.1 · Nishino, K.2 · Kosugi, T.3 · Inagawa, S.1 ·
Sakahara, H.1
1

Hamamatsu University School of Medicine, Hamamatsu,
JAPAN, 2Yokohama National University, Yokohama,
JAPAN, 3Renaissance of Technology Corporation,
Hamamatsu, JAPAN
PURPOSE
Hemodynamics plays a very important role in the development, growth, and rupture of intracranial aneurysms. The
purpose of our study was to visualize hemodynamics in silicon intracranial aneurysm models three times actual size
with the use of stereoscopic particle image velocimetry
(PIV).
MATERIALS & METHODS
We made two realistic hollow silicon intracranial aneurysm
models (IC-PC aneurysm and MCA bifurcation aneurysm
models) based on rotational angiographic data sets. We ran
an aqueous solution of glycerol with a refractory index similar to that of silicon models, with a constant flow through
the phantom circuit by a centrifugal pump. Tiny nylon tracer particles with diameters of about 30 microns also were
suspended in the flowing fluid. The flow rates in the internal
carotid arteries of the phantom model were consistent with
10 to 70 cm/s in the internal carotid arteries in human. We
divided flow volume at the distal branches in the vascular
phantom according to the ratio of the cross-sectional area of
each branch. Images of flowing particles through the lumen
of the silicon model were taken with a monocromatic NTSC
camera and a double-pulsed Nd:YAG laser (wave length,
532 nm; power, 30 mJ/pulse; interval between double pulses, 50 microseconds). These images clearly showed particles
flowing along the vessel wall suggesting accurate refraction
index matching between the silicon model and the flowing
fluid. Velocity maps were obtained with particle image
velocimetry analysis.
RESULTS
Two-dimensional velocity vector fields with 3D velocity
information reconstructed in arbitrary planes in axial, coronal, and sagittal directions provided us with clear hemodynamic information in the intracranial aneurysms and the par-
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RESULTS
Over a 9.5-year period (January 1996-July 2005), a total of
961 aneurysms in 847 patients were treated by coil
embolization. Eight hundred and nine were ruptured and 152
were unruptured. Rebleeding occurred in 11 patients with
untreated remnants, 10 within 6 months and one at 1 year.
Forty-five (4.7%) aneurysms in 45 patients (24 F:21 M) aged
33-85 years required further treatment because follow-up
angiography demonstrated an enlarging remnant and < 90%
sac obliteration. Forty-two aneurysms had ruptured previously and three were unruptured. Aneurysm location was as
follows: anterior communicating 14; posterior communicating 13; basilar termination 4; middle cerebral 6; terminal
internal carotid 4; ophthalmic 2; superior hypophyseal 1;
anterior choroidal 1. Twenty-six aneurysms were large (>10
mm), 25 with a wide neck (> 4 mm), 17 were small (< 10
mm), 6 with a wide neck and 2 were giant aneurysms. Fortyfour patients underwent further coil embolization 0.5 to 55
months after the initial treatment, mean 12.2 months and one
went to neurosurgery with a wide-neck large anterior communicating artery aneurysm. Postoperatively, he is mildly
dysphasic and has some cognitive difficulties. Of the 44
patients who had further coil embolization, four had multiple
procedures. The total number of procedures was 51 and two
were stent assisted. Clinically significant complications,
thromboembolic events only, occurred in two (4%) (cf 1.3%
at the time of primary treatment). One patient with a left
middle cerebral artery aneurysm is mildly dysphasic and one
with an anterior choroidal aneurysm has memory difficulties. There were no procedural ruptures (cf 4.4% at the time
of primary treatment). Follow up ranges from 8-62 months,
mean 29.3 months. Thirty-nine of these had a stable satisfactory angiographic appearance (90-100% occlusion).
There has been no rebleeding. Two with giant posterior communicating artery aneurysms subsequently were treated successfully with high density Onyx (one has a good outcome
and the other is dysphasic due to guide-wire perforation of
an M3 artery and hematoma formation). In three others, the

recoiled remnants were not stable and they opted for neurosurgery with good outcome.
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ent arteries. The IC-PC aneurysm model had spiral flow and
the top of the spiral flow was coincident with the bleb. Flow
velocity of the bleb was relatively lower than in other parts
of the aneurysm. Flowing fluid from the M1 segment of
MCA struck the posterior wall of the MCA bifurcation
aneurysm. This aneurysm had complex vortex and spiral
flow in it and the flow velocity in the bleb was lower than in
other parts of the aneurysm.

with HydroCoils. There were 85 ruptured and 94 unruptured
or recanalized aneurysms. Balloon-assisted techniques were
used in 53 procedures and intracranial stents in 30. The mean
aneurysm maximal diameter was 9.39 mm (3-25 mm). On
the immediate posttreatment angiogram 56% of the
aneurysms were completely occluded, 26% had a residual
neck and 16% had residual body filling. Six to 24-month
imaging follow up was available in 88 cases. In 86.4% the
results were stable or improved and 13.6% recanalization
was observed. Four aneurysms were retreated.
Complications related to the procedure resulted in permanent neurologic deficit in five patients (3%) and in one death
(0.6%). Two patients had an early rebleeding.
CONCLUSION
In this series of relatively large aneurysms, the immediate
and follow-up treatment results compare favorably to series
using bare platinum coils with similar or lower complication
rates.
KEY WORDS: Intracranial aneurysms, endovascular treatment, hydrocoil
Paper 293 Starting at 3:55 PM, Ending at 4:03 PM

CONCLUSION
The stereoscopic PIV study showed intracranial aneurysmal
hemodynamics very clearly with high spatial resolution.
Aneurysms used in this study demonstrated relatively slow
flow in the bleb as compared with the other site of the
aneurysms.
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KEY WORDS: Intracranial aneurysm, hemodynamics, particle image velocimetry
Paper 292 Starting at 3:47 PM, Ending at 3:55 PM
Endovascular Treatment of 179 Intracranial Aneurysms
with Hydrogel-Coated Expandable Coils
Gunnarsson, T.1 · Klurfan, P.1 · Tong, F. C.2 · Cawley, C. M.2
· Dion, J. E.2
1

University of Toronto, Toronto, ON, CANADA, 2Emory
University, Atlanta, GA

PURPOSE
Hydrogel-coated expandable coils (HydroCoil®) have been
shown to achieve better aneurysm volume filling. This may
result in lower recanalization rates but published clinical
experience on the safety and efficacy of this technology is
limited. Evaluation of a single-center experience with
HydroCoils is reported.
MATERIALS & METHODS
Retrospective review of all consecutive cases of intracranial
aneurysms treated with HydroCoils alone or in combination
with platinum coils at Emory University. The patients’ characteristics, aneurysm size and location, initial treatment
results, follow up and complications were studied.
RESULTS
A total of 179 aneurysms in 168 patients [126 female/42
male, mean age 55 (range, 4-87 years)] underwent coiling

Computational Fluid Dynamics Modeling of Intracranial
Aneurysms: Effects of Parent Artery Segmentation on
Intraaneurysmal Hemodynamics
Putman, C. M.1,2 · Castro, M.2 · Cebral, J. R.2
1
Inova Fairfax Hospital, Falls Church, VA, 2George Mason
University, Fairfax, VA

PURPOSE
The purpose of this study is to show the influence of the
upstream parent artery geometry on intraaneurysmal hemodynamics of cerebral aneurysms.
MATERIALS & METHODS
Patient-specific models of four cerebral aneurysms (1 PcoA,
2 MCA, and 1 AcoA) were constructed from 3D rotational
angiography images. Two geometrical models were constructed for each aneurysm. One model had the native parent
vessel geometry and the second model was truncated
approximately 1 cm upstream from the aneurysm and the
parent artery replaced with a straight cylinder.
Corresponding finite element grids were generated and computational fluid dynamics simulations were carried out under
pulsatile flow conditions. The intraaneurysmal flow patterns
and wall shear stress (WSS) distributions were visualized
and compared.
RESULTS
Models using the truncated parent vessel underestimated the
WSS in the aneurysms in all cases and shifted the impaction
zone to the neck when compared with the native geometry.
These effects were more pronounced in the PcoA and AcoA
aneurysms where upstream curvature was substantial. The
MCA aneurysm with a long M1 segment was the least affected. The more laminar flow pattern within the parent vessel in
truncated models resulted in a less complex intraaneurysmal
flow pattern with fewer vortices and less velocity at the
dome.
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CONCLUSION
Failure to properly model the inflow stream contributed by
the upstream parent artery can significantly influence the
results of intraaneurysmal hemodynamic models. The
upstream portion of the parent vessel of cerebral aneurysms
should be included in order to accurately represent the
intraaneurysmal hemodynamics.

graphic follow up (angiogram or MRA). Eight of the nine
patients had a major recanalization. Six of them were retreated and two are waiting for a retreatment. The aneurysms that
needed retreatment were three anterior communicating
artery aneurysms, three basilar, one vertebral aneurysm, and
one paraophthalmic. The mean size of those aneurysms was
7.7 mm (range from 5 mm to 12 mm). In four of these eight
only Matrix coils were used.

KEY WORDS: Aneurysm, hemodynamics, computer
Paper 294 Starting at 4:03 PM, Ending at 4:11 PM
Endovascular Treatment of Intracranial Aneurysms with
Matrix Coils: Immediate Posttreatment Results, Clinical
Outcome, and Follow Up
Jonas Kimchi, T. · Willinsky, R. A. · Spears, J. · Lee, S. K. ·
ter Brugge, K. G.
Toronto Western Hospital
Toronto, ON, CANADA
PURPOSE
Endovascular aneurysm repair with coils has become a safe
and effective alternative to surgical clipping. Much effort has
been made to create coils that will facilitate aneurysm healing and reduce recurrence. The purpose of this study was to
review the safety and the durability of our aneurysm treatments using Matrix coils.

RESULTS
Complete occlusion was achieved in 21 (52%) of the procedures. Neck remnants were demonstrated in 12 (30%) and
body remnants in seven (17%). Among the 13 treatments
that were done with Matrix only, eight (61%) had complete
occlusion. Clot formation occurred in six patients (14%).
One of these patients was symptomatic and was left with a
long-term disability. The other patients with thrombotic
complications were asymptomatic. One patient, initially
Hunt and Hess grade 4, died not from procedure-related reasons. There were no aneurysm perforations. The clinical status of the patients at discharge, according to the Modified
Rankin scale was 0-2 in 30 patients (75%), 3 in six patients
(15%) and 4-5 in three patients (7.5%). One patient had a
rebleed from a recanalized aneurysm 5 months after the
treatment resulting in a severe disability. Recanalization
occurred in nine of the 25 (36%) patients that had angio-

KEY WORDS: Aneurysm, matrix, endovascular
Paper 295 Starting at 4:11 PM, Ending at 4:19 PM
Treatment of Wide-Neck Middle Cerebral Artery
Aneurysms Using Remodeling Vascular Devices and Coil
Embolization
Sani, S. · Musacchio, M. · Lopes, D.
Rush University Medical Center
Chicago, IL
PURPOSE
Endovascular treatment of wide-necked cerebral aneurysms
has been greatly enhanced since the introduction of remodeling vascular devices (RVD). However, little is known
about the feasibility of treating more distal wide-necked
aneurysms, specifically aneurysms of the middle cerebral
artery bifurcation/trifurcation using the stent and coil technique. We report here a prospective series of patients with
wide-necked middle cerebral artery aneurysms treated using
the Neuroform stent and coil technique. Long-term clinical
and angiographic follow-up data are presented.
MATERIALS & METHODS
Demographic data were obtained and recorded on each
patient. Technical information regarding RVD delivery
(Neuroform®, Boston Scientific Target, Fremont, CA),
deployment, and any complications were collected. All
patients received complete neurologic evaluations before
and after each follow-up visit. A MR imaging study was performed on each patient before the procedure and 5 months
after the procedure for each patient. Wide neck was defined
as a dome to neck ratio of less than 2.0 or a neck of 4 mm or
more as measured by angiography.
RESULTS
Eleven consecutive patients were included in the study. The
mean age was 63 years (range 45-82 years) and 80% were
female. The mean follow-up clinical evaluation and
angiogram was 190 (+/- 57 SEM) days. There were no procedural complications. All aneurysms were stented successfully and coiled without parent vessel or branch occlusion.
Seven patients (64%) had complete obliteration of their
aneurysm immediately after the procedure. Follow-up
angiography of all patients performed on average 190 days
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MATERIALS & METHODS
During a 2-year period, 38 patients (mean age 54 years,
range 30 to 77 years; 26 women, 12 men) with 39 aneurysms
were treated by endovascular treatment using Matrix coils
(Matrix; Boston Scientific Neurovascular). The data were
obtained from our prospective data base. Thirty patients presented with a subarachnoid hemorrhage (19 were HH grades
1or 2; eight were grade 3; three were grade 4). Twenty-three
aneurysms were in the anterior circulation and 16 were in the
posterior circulation. Fourteen aneurysms were small (≤5
mm) and 25 were 5 mm to 15 mm. Forty-two treatments
were done. Two were unsuccessful. Thirteen procedures
were done using only Matrix coils. Matrix and bare platinum
coils were used in 27 procedures. The treatment results and
the procedural complication rates were analyzed. Clinical
outcome and imaging results were collected for 28 patients
(mean 4.5 months).

CONCLUSION
Treatment with Matrix coils, in our series, has a complication rate similar to series using platinum coils. Our data suggest a high percentage of major recanalization requiring
retreatment compared to platinum alone. Based on our data
we cannot justify treatment with Matrix coils outside of a
trial. We think that a prospective, randomized trial comparing different coils is in order.
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after treatment revealed complete occlusion of nine patients
(82%). One patient continued to demonstrate presence of a
residual neck which remained unchanged on follow up and
another patient developed de novo residual neck formation
after initial complete obliteration.
CONCLUSION
Endovascular treatment of wide-neck MCA aneurysms with
RVD and coil embolization is safe and effective.
KEY WORDS: Aneurysm, middle cerebral artery, stent
Paper 296 Starting at 4:19 PM, Ending at 4:27 PM
The Impact of Various Types of Bioactive Bioabsorbable
Polymeric Coils on Thrombus Organization Process in
the Experimental Aneurysms
Yuki, I. · Lee, D. · Murayama, Y. · Chiang, A. · Vinters, H. V.
· Nishimura, I. · Wang, J. · Ishii, A. · Wu, B. M. · Vinuela, F.
University of California Los Angeles
Los Angeles, CA
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PURPOSE
Histologic and immunohistochemical analyses were performed on swine experimental aneurysms treated with various types of bioabsorbable, biodegradable material (BPM)
coils with the goal of developing a new generation of
endovascular coil device for aneurysm treatment.
MATERIALS & METHODS
One hundred and three aneurysms using the venous pouch
technique were created in 67 swine. In 31 swine, only one
carotid artery was used, and in 36 swine, both carotid arteries were used. Three BPMs with different degrees of bioactivity and biodegradation times were selected and surgically
implanted into the aneurysms. Five groups of aneurysms
were identified: 1) Control aneurysms (aneurysms that
thrombosed spontaneously without coil implantation. time
points = 0, 1, 3, 7, 14, 30, 90 days, n = 31), 2) GDC implantation (time points = 3, 7, 14 days, n = 28), 3) Polysorb
implantation (90:10 PGA/PLA - moderate bioactive material, time points = 3, 7, 14, n = 20), 4) Maxon implantation
(PGA/TMC-a strong bioactive material, time points = 3, 7,
14, n = 12), and 5) PLLA implantation, (a mild bioactive
material, time points =3, 7, 14,days, n = 12). Serial angiography and immunohistochemical analyses were performed in
all specimens.
RESULTS
GDC implanted aneurysms (Group 2) showed low cellular
response and inhibited cell proliferation at days 7 and 14.
Additionally, the intensity of collagen deposition was
decreased when compared with the control group (Group 1).
Polysorb (Group 3) and Maxon (Group 4) treated aneurysms
showed an inhomogeneous collagen deposition at day 14.
However, a more intense inflammatory reaction, cellular
migration, and proliferation than GDC groups were observed
in these groups. PLLA treated aneurysms (Group 5) showed
similar histologic findings to the GDC treated aneurysms
(Group 2). Polymer-induced granulation tissue observed in
Group 3 appeared to contribute mechanical stability of the
intraaneurysmal thrombus.

CONCLUSION
Spontaneously thrombosed aneurysms without the presence
of any foreign body resulted in a homogeneous thrombus
organization and collagen deposition at days 7 and 14 postcreation. GDC coils have been considered to be a biologically inert material and noncontributory to the thrombus
organization process in treated aneurysms. However, this
study showed that GDC was actually inhibitory to the proliferative phase of aneurysm healing. BPM coils, such as
Polysorb and Maxon, also delayed the overall thrombus
transformation when compared with the control aneurysms.
Yet, unlike GDC, they elicited a polymer-induced granulation tissue around the coils that strengthened the mechanical
properties of the nonorganized thrombus.
KEY WORDS: Bioabsorbable polymeric coil, thrombus
organization, polymer-induced granulation tissue
Paper 297 Starting at 4:27 PM, Ending at 4:35 PM
Mid-Term Outcome of Intracranial Aneurysms Treated
with PGLA-Coated Coils Compared to Those with Bare
Platinum Coils
Jung, C.1 · Kang, H.2 · Im, S.1 · Kwon, B. J.1 · Han, M. H.1
1
Seoul National University Hospital, Seoul, REPUBLIC OF
KOREA, 2Konkuk University Hospital, Seoul, REPUBLIC
OF KOREA

PURPOSE
A coated coil system, covered with a bioabsorbable polymeric material (polyglycolic acid/lactide copolymer,
PGLA), was developed to accelerate intraaneurysmal clot
organization and fibrosis, and thereby to reduce aneurysm
recanalization. Being a continuation of the previous study,
the purpose of this study was to evaluate the mid-term result
the PGLA-coated coils in patients with intracranial
aneurysms in comparison with that of bare platinum coils.
MATERIALS & METHODS
Fifty-one patients harboring 56 intracranial aneurysms
underwent endovascular embolization with the PGLA-coated coils. The control group included 78 consecutive patients,
harboring 87 aneurysms, who underwent coil embolization
with bare platinum coils. The authors compared mid-term
follow-up results between the two groups.

Thursday.qxp

3/9/2006

12:00 PM

Page 211

211
RESULTS
The median follow-up interval for radiologic evaluation was
12 months (range 5 to 18 months; mean 11 months) and 14
months (range 6 to 30 months; mean 15 months) in the
PGLA-coil group and the bare-coil group, respectively.
Major aneurysm recanalization occurred in 7 of 41 (17%)
aneurysms among the PGLA-coil group and in 11 of 64
(17%) aneurysms among the bare-coil group.
CONCLUSION
In this study, the incidence of major recanalization was not
different in aneurysms treated with PGLA-coated coils as
compared to those treated with bare platinum coils.
KEY WORDS: Aneurysm, coil embolization, PGLA

2 other complications. Of the 43 patients who experienced
peroperative complications, postoperative modification of
the clinical status was observed in 12 cases (5.1%). Two
patients died (0.8%), 6 patients had a permanent deficit
(2.5%), and 4 patients had a transient deficit (1.7%).
Treatment-related mortality was 0.8% and permanent morbidity was 2.5%. Global mortality and morbidity rates
(including complications of subarachnoid hemorrhage itself)
from this series were 3.8% and 3.8%, respectively.
CONCLUSION
In our experience, the use of Matrix detachable coils for the
selective treatment of intracranial aneurysms is safe and
effective. Global morbidity and mortality rates are not higher than that reported with bare coils.
KEY WORDS: Aneurysms, matrix

Paper 298 Starting at 4:35 PM, Ending at 4:43 PM
Endovascular Treatment of Intracranial Aneurysms
Treated with Matrix: Immediate Posttreatment Results
from a Prosepctive Multicenter Trial
Bonafe, A.
CHU Montpellier
Montpellier, FRANCE

MATERIALS & METHODS
Two hundred sixty-one patients treated via endovascular
approach were recruited in 16 French centers and included in
our study. Due to various protocol violations, 25 patients
were excluded. Clinical and angiographic analysis was conducted in 236 patients (149 females and 87 males, age: 2178 years, mean age: 48.7 years) harboring 244 aneurysms.
Clinical presentation was subarachnoid hemorrhage (SAH)
in 138 patients (58.5%). Aneurysms were located in the anterior circulation in 227 cases (93%) and in the posterior circulation in 17 cases (7%). The majority of aneurysms treated were ≤10mm in size (84%). Aneurysmal neck size was ≤4
mm in 198 cases (81.1%) and > 4 mm in 46 cases (18.9%).
RESULTS
Postoperative aneurysmal occlusion was analyzed by an
independent core lab and defined using the 3-point Jean
Raymond Grading Scale. Complete occlusion was achieved
in 102 aneurysms (44%), neck remnant in 58 aneurysms
(25%) and aneurysm remnant in 72 aneurysms (31%).
Complications related to the procedure were encountered in
43 patients (18.2%) and included 30 thromboembolic events
(5 were related to coil migration or stretching), 5 intraprocedural aneurysmal ruptures, 6 other device-related complications without associated thromboembolic complications and
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(66c) ADULT BRAIN: Vascular, Extracranial
(66d) ADULT BRAIN: Demyelinating, Degenerative,
Cerebrovascular and Metabolic Diseases
Moderators:

Michael I. Rothman, MD
Lindell R. Gentry, MD

Paper 299 Starting at 3:15 PM, Ending at 3:23 PM
Volumetric 64-Slice CT of the Temporal Bone after
Cochlear Implant: Electrode Localization within the
Cochlear Scalae
Lane, J. I. · Witte, R. J. · Shallop, J. · Driscoll, C. L. W.
Mayo Clinic
Rochester, MN
PURPOSE
Indications for cochlear implants have recently expanded to
include those patients with selective high-frequency hearing
loss. It is imperative in this subset of patients to reduce intraoperative trauma in order to preserve native hearing and
improve functional outcomes. The surgical approach to
cochleostomy in these cases is often modified to maximize
the likelihood of canulating the scala tympani in order to

Thursday

PURPOSE
Endovascular treatment of intracranial aneurysms using
detachable coils has become an accepted alternative to surgery. The most significant limitation of this technique is the
incidence of aneurysm recanalization. To reduce the rate of
recanalization, the biologically active Matrix™ detachable
coils (Boston Scientific Neurovascular, Fremont, CA) have
been proposed. A prospective, multicenter study was conducted in France to evaluate the safety, the short-term and
long-term efficacy of the Matrix coils. This first analysis is
focused on the safety and short-term efficacy of the Matrix
coils.
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reduce the chances of damage to the scala media or cochlear
duct. Our objective in this study was to determine if the
improved resolution of 64-slice CT would allow accurate
localization of the electrode within the basal turn of the
cochlea.
MATERIALS & METHODS
Ten patients with unilateral or bilateral implants were
scanned helically on a 64-slice scanner using a 0.6 mm slice
thickness (0.6 mm 3 voxels). Reconstructions in the long and
short axes of the cochlea were reviewed to determine the
location of the electrode within the basal turn. The position
of the electrode chain in relationship to the scalar lamina was
used to localize the device to the scala tympani (posterior to
the lamina) or scala vestibuli (anterior to the lamina).
RESULTS
Sixteen implants were imaged in 10 patients. We were able
to resolve the scalar lamina (and thus the position of the electrode chain) within the basal turn in 14 of 16 postop cochleae
from the long axis reconstructions. In the remaining two
cochleae, the scala tympani was ossified selectively with
patency of the scala vestibuli which permitted electrode
localization despite nonvisualization of the lamina. Eleven
of the 16 electrode chains could be localized to the scala
tympani and five to the scala vestibuli.
CONCLUSION
Sixty-four-slice volumetric CT of cochlear implants is capable of localizing the device within scalar chambers of the
basal turn of the cochlea. Further study with audiometric
correlation is needed to determine if localization to the scala
tympani is predictive of hearing preservation and improved
outcome.
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KEY WORDS: Cochlear implant, temporal bone, 64-slice CT
Paper 300 Starting at 3:23 PM, Ending at 3:31 PM
Preoperative Neuroradiologic Procedures in Patients
before Cochlea Implantation: Is a Combination of CT
and MR Imaging Necessary?
Bink, A. · Helbig, S. · Zanella, F.
Johann Wolfgang Goethe University
Frankfurt/Main, GERMANY
PURPOSE
To answer the question if a preoperative cost reduction is
reasonable by performing only CT or only MR imaging
before cochlea implantation and to point out the diagnostic
value of each modality for these patients.
MATERIALS & METHODS
Retrospective analysis of 72 consecutive patients` CT and
MR imaging data. Two neuroradiologists evaluated 144
examinations (72 CT and 72 MR imaging) in consensus.
Pathologies of the inner ear, cerebral abnormalities, and
anatomical variants of the temporal bone were documented.
RESULTS
Out of 72 patients (mean age 26 years; range 2-75 years) 30
patients had no pathologic finding on CT or MR imaging, 23
patients had pathologies in both CT and MR imaging. In 14

patients only CT and in five patients only MR imaging
revealed pathologic results. In 15 patients variants of vessel
anatomy like aberrant internal carotid artery were found. The
pathologies only observed on CT were ossification of the
cochlea (1x), round window changes in otosclerosis (1x),
otitis media (5x) and missing pneumatization of the mastoid
(7x), whereas pathologies only recognized on MR imaging
were abnormal neuronal migration (heterotopia) (1x) and
parenchymal lesions after cerebral CMV infection with
involvement of the primary auditory cortex (1x), superficial
siderosis (1x), fibrosis of the cochlea (1x) and one contraindication to cochlea implantation - aplasia of the cochlea
nerve (1x).
CONCLUSION
In 19 (26%) out of 72 patients pathologic findings were
detected only in either CT or MR imaging. These findings
had serious peri or intraoperative consequences for the mostly very young patients. Therefore, the authors recommend
that the preoperative diagnostic management before cochlea
implantation should be always a combination of both imaging modalities - CT and MR imaging.
KEY WORDS: Temporal bone, cochlea implantation, CT and
MR imaging
Paper 301 Starting at 3:31 PM, Ending at 3:39 PM
Differentiation of Endolymph and Perilymph by Delayed
Contrast-Enhanced FLAIR Imaging
Butman, J. A.
Warren G. Magnuson Clinical Center, National Institutes of
Health
Bethesda, MD
PURPOSE
Current methods of inner ear imaging do not distinguish the
endolymph within the membranous labyrinth from the surrounding perilymph. To differentiate these two fluids, we
performed high-resolution FLAIR imaging ~ 8 hours following contrast injection.
MATERIALS & METHODS
Inner ear MR imaging was performed at 3.0 T on 12 healthy
volunteers using a 6 channel 8 coil whole head phased array
under an IRB approved protocol. Volunteers were injected
with 0.3 mmol/kg Gd-DTPA (Magnevist, Berlex) iv in the
morning. High-resolution FLAIR was performed in the
afternoon about 8 hours later. Contrast parameters were TR
11000, TE 120-135, ETL 27, TI 2550. Geometric parameters
were: FOV 150 mm, thickness 1.7 mm, gap 0, matrix 320 x
243. Imaging time was 3:52 per signal average, and 5-6 averages were performed for an imaging time of 16-21 minutes.
A scan plane parallel to that of the horizontal semicircular
canal was selected. T2-weighted images with matching
geometry were obtained for anatomical reference. No precontrast imaging was performed.
RESULTS
Figure 1 shows three adjacent slices from delayed postcontrst FLAIR, referenced to matching T2-weighted sequences.
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variant can lead to unwarranted diagnostic tests, therapy, or
patient anxiety. The purpose of this study was to identify a
common set of imaging features in cases of forme fruste
skull base pneumatization that will allow confident identification of this condition on the basis of CT and MR imaging.

Normally, fluid signal of both endolymph and perilymph is
suppressed on FLAIR and the majority of the labyrinth is not
visible (not shown). On delayed FLAIR, the peripheral portion of the vestibule is hyperintense, but the central portion
remains hypointense (Fig C). This structure corresponds to
the expected morphology of the membranous labyrinth, with
the utricle posteriorly positioned and the saccule anteriorly
positioned. Note the small black dots (white arrows in Fig D)
in the superior semicircular canal which correspond to the
narrow membranous labyrinth. Note the posterior ampulla of
the posterior semicircular canal (black arrow, Fig B). A similar appearance was identified in all 7 volunteers.

REFERENCES
1. Butman JA. Physiologic enhancement of the labyrinth...
ASNR 2004

KEY WORDS: Cochlea, Meniere's, hearing
Paper 302 Starting at 3:39 PM, Ending at 3:47 PM
Forme Fruste Pneumatization: An
Developmental Variant of the Skull Base

Important

Welker, K. M. · DeLone, D. R. · Lane, J. I. · Gilbertson, J. R.
Mayo Clinic
Rochester, MN
PURPOSE
Unusual skull base pneumatization patterns frequently are
seen as an anatomical variant. When fully pneumatized air
cells are seen in atypical locations, the diagnosis of normal
variant pneumatization is determined easily by CT (1).
However, when regions of incomplete or forme fruste
pneumatization are present, arriving at a correct diagnosis
can be difficult because these relatively airless regions of
atypical bone can simulate a tumor or destructive lesion on
imaging exams. Misidentification of this developmental

RESULTS
Patients ranged in age from 15 years to 67 years with a median age of 42 years. Eight patients were male and six were
female. The most common sites of lesion involvement were
the basisphenoid (11/14), the pterygoid processes (6/14) and
clivus (3/14). Most patients (8/14) had contiguous involvement of more than one of these areas. Lesions ranged in size
from 8 mm to 63 mm. Of the eleven lesions evaluated by CT,
all had osteosclerotic margins, and nine had a matrix characterized by regions of soft tissue density interspersed with
curvilinear calcifications. All lesions were nonexpansile and
respected the margins of skull base foramina. Of the eleven
lesions evaluated by MR imaging, ten demonstrated areas of
high T1 signal. However, T2 signal varied and was often heterogeneous within a single lesion. Four of seven lesions
evaluated with postcontrast MR imaging demonstrated mild
enhancement. For the ten lesions with serial imaging, none
of the lesions demonstrated any change over follow-up intervals that ranged from 2 to 41 months. Biopsy had been performed previously on single lesion with findings of respiratory mucosa and fat.
CONCLUSION
When a nonexpansile lesion with osteosclerotic borders,
internal curvilinear calcifications, and high T1 signal is
encountered in the basisphenoid or adjacent bones, the diagnosis of forme fruste sinus pneumatization should be strongly considered.
REFERENCES
1. Sirikei A, Bayazit Y, et al. Variations of the sphenoid and
related structures. European Radiology 2000;10;844-848

KEY WORDS: Pneumatization, skull base, developmental
variant
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CONCLUSION
Previously, it was shown that contrast enters the labyrinth
slowly, accumulating over hours, and resulting in high signal
on FLAIR images in humans (1). Here, it is demonstrated
that contrast enters the perilymph, but is excluded from the
endolymph by the blood-cochlear barrier. Therefore, the
membranous labyrinth can be identified reliably as a “filling
defect” within the enhanced perilymph on delayed postcontrast FLAIR imaging. Potentially this technique can be used
to elucidate inner ear fluid homeostasis, not only in normal
volunteers, but also in pathophysiologic states characterized
by abnormalities of the endolymphatic system such as
Meniere’s disease, Pendred’s syndrome.

MATERIALS & METHODS
CT and/or MR imaging studies and charts on 14 patients
with suspected forme fruste pneumatization of the skull base
were reviewed retrospectively with IRB approval by two
neuroradiologists. Patients included in the study had an
asymptomatic, incidentally discovered region of abnormal
skull base mineralization on CT and/or MR exams obtained
for other purposes. These regions of bone were required to
be mostly nonaerated and correlate with commonly recognized sites of normal or accessory pneumatization. Patients
with known osseous metastases, osteomyelitis, fibrous dysplasia, or clinical evidence of progressive skull base pathology were excluded. Each lesion was reviewed with respect
to the following characteristics subject to the availability of
appropriate imaging: size, location, margins, internal
osseous matrix, bony expansion, foraminal compromise, MR
signal characteristics, and gadolinium enhancement.

Thursday.qxp

3/9/2006

12:00 PM

Page 214

214
Paper 303 Starting at 3:47 PM, Ending at 3:55 PM

Paper 304 Starting at 3:55 PM, Ending at 4:03 PM

Comparison of Skull-Base Lesion Enhancement: 1.5 T
versus 3.0 T

Sequential Imaging of Vestibular Schwannomas after
Gamma Knife Therapy

Londy, F. J. · Rohrer, S. · Kumar, S. · Parmar, H. · Mukherji,
S. K.

Bleicher, A. G. · Branstetter, B. F. · Escott, E. J.

University of Michigan
Ann Arbor, MI
PURPOSE
To measure the difference in the contrast enhancement of
skull-base lesions between 1.5 and 3.0 T MR scanners.

Thursday

MATERIALS & METHODS
Fifteen consecutive patients with lesions involving the skull
base that had undergone gadolinium-enhanced clinical
examination on both 1.5 and 3.0 T scanners were identified.
In T1-weighted sequences, the ratio of lesion signal intensity normalized to normal brain tissue was measured for each
abnormality at 1.5 T and 3.0 T. These ratios then were compared across field strengths. Statistical analysis consisted of
paired t-test. Additionally, using previously published T1
and T2 values, the expected lesion to normal brain ratios
were calculated for gadolinium concentrations of 0.0 to 4.0
mMol in a T1-weighted sequence at both 1.5 and 3.0 T.
RESULTS
The average percent increase (pre versus postcontrast) in the
lesion to normal brain tissue ratio was 98% at 1.5 T and
172% at 3 T. The increased enhancement identified at 3.0 T
compared to 1.5 T was statistically significant (P = 0.001).
There was no statistical difference (P = 0.797) between the
1.5 and 3.0 T intensity ratios of unenhanced lesions. These
measured ratios were in agreement with our predicted values
and also agreed with our mathematical model that, though
gadolinium relaxivity decreases with increasing field
strength it is the increase in the native T1 that results in the
increase in the signal ratio at 3.0 T.

University of Pittsburgh Medical Center
Pittsburgh, PA
PURPOSE
Gamma knife stereotactic radiosurgery has become the
mainstay of treatment for many intracranial neoplasms and
malformations. In particular, it has become a popular alternative to conventional resection of vestibular schwannomas.
Although tumor control rates of up to 97% have been reported in the literature, there have been few studies evaluating
the radiographic appearance of treated lesions over time. The
purpose of this study is to determine the natural history of
vestibular schwannoma treated with gamma knife therapy, as
evaluated with sequential MR imaging.
MATERIALS & METHODS
A retrospective review of our electronic medical records
revealed 85 patients with vestibular schwannoma who had
undergone gamma knife therapy and who had follow-up MR
examinations. Two head and neck radiologists reviewed and
compared the examinations to render consensus interpretations. The following parameters were measured specifically:
largest dimension, largest orthogonal dimensions within the
cerebellopontine angle, extension into internal auditory
canal, percent enhancing, and contiguity of nonenhancing
components.
RESULTS
Six months after gamma knife therapy, 67% of tumors had
increased in size, but 94% had an increasing central cystic
component. At 1 year, only 50% of tumor were larger than
their initial size, and only 60% had an increased cystic component. Beyond 2 years, the percentage of tumors that were
larger than at presentation stabilized at 38%, and the percentage that were cystic stabilized at 22%.
CONCLUSION
Vestibular schwannomas treated with gamma knife therapy
have a characteristic progression of MR imaging characteristics. Soon after therapy, the tumors enlarge, but central cystic necrosis takes place. Over time, this cystic component is
replaced by recurrent enhancing tumor, and most tumors
return to their original size.
KEY WORDS: Vestibular schwannoma, gamma knife
Paper 305 Starting at 4:03 PM, Ending at 4:11 PM
Pediatric Temporal Bone CT: Minimizing Dose While
Maintaining Image Quality

CONCLUSION
Due to increase in native T1 at higher field strength,
enhancement of skull base lesions is significantly greater at
3.0 T versus 1.5 T for a given gadolinium concentration.
KEY WORDS: Gadolinium, 1.5 vs 3.0 T, enhancement

Morimoto, A. K.1 · Hedlund, G. L.2 · Tripp, D. A.1
1

University of Utah, Salt Lake City, UT, 2Primary Childrens
Hospital, Salt Lake City, UT

PURPOSE
We present methods for optimizing temporal bone image
quality while minimizing absorbed lens dose using an
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anthropomorphic head phantom. Although CT reportedly
accounts for approximately 11% of diagnostic radiologic
procedures with 11% of those being pediatric in one study,
the modality accounts for 67% of total effective radiation
dose. Radiation dose is particularly important in children
because of the significant increase in relative lifetime cancer
risk of children compared with that of adults. Multidetector
CT has demonstrated improved image quality and decreased
imaging time over single detector scanners but at the
expense of increased radiation dose to the patient.
MATERIALS & METHODS
Lithium-fluoride-based thermoluminescent dosimeters were
placed on both orbits of a pediatric anthropomorphic head
phantom during axial and coronal temporal bone imaging to
estimate the dose to the lens of the eye. Axial and coronal CT
of the temporal bones were performed using standard temporal bone imaging parameters: 120kVp, 200 mAs, 0.625
mm slice thickness, 64 slices acquired. The dosimeters were
processed and the lens dose was recorded with differences
between axial and coronal dose noted. Next, direct coronal
temporal bone CT scans were acquired on a 64-slice CT
scanner using 120 kVp while varying mAs from 100 to 300
at intervals of 40 mAs. Two neuroradiologists reviewed the
images for the lowest acceptable diagnostic quality without
knowledge of the range of mAs. On direct coronal images,
the following structures were reviewed: oval window, bony
covering of the 7th nerve tympanic segment, scutum sharpness, cochlear partitioning, and crista falciformis. On axial
reformatted images, the round window, vestibular aqueduct,
morphology and partitioning of the modiolus, and cochlear
aperture were evaluated.

CONCLUSION
Using coronal acquisition temporal bone CT scans, we
demonstrated a more than 20-fold decrease in lens dose compared with traditional axial acquisitions. Based on evaluation
of lowest acceptable diagnostic quality, we expect to reduce
lens dose by an additional 50% by reducing our mAs from
current levels of 200 to 100 in most cases - since dose is
directly proportional to mAs, all other factors remaining
equal. We hope to motivate others to review their protocols
and adjust their techniques with the goal of optimizing image
quality while substantially reducing patient dose.
KEY WORDS: CT, temporal bone, dose reduction

Temporal Bone Cholesterol Granuloma versus Trapped
Fluid: Making the Diagnosis
Bownds, S. E. · Salzman, K. L. · Hamilton, B. E. ·
Harnsberger, H. R.
University of Utah
Salt Lake City, UT
PURPOSE
Trapped fluid in the petrous apex may be confused on imaging with cholesterol granuloma. As trapped fluid is a “leaveme-alone” lesion whereas cholesterol granuloma requires
surgical intervention, the imaging findings that distinguish
these two lesions are important. The purpose of this study is
to evaluate all patients in our institution over the last 10
years where a petrous apex lesion was labeled in an imaging
report as potentially due to cholesterol granuloma. Final
diagnosis, CT and MR findings in these patients then were
collected in order to further define the CT and MR imaging
characteristics of trapped fluid and cholesterol granuloma.
MATERIALS & METHODS
A retrospective review of all cases of “cholesterol granuloma” imaged or reviewed at our institution were evaluated
over a 10-year period, from 1995 to 2005. For all patients,
the medical charts were reviewed providing demographic
data, presenting symptoms, and follow up. Imaging with MR
and/or CT was evaluated for all patients. Surgical and pathologic follow-up findings also were reviewed.
RESULTS
A review of all patients with the potential diagnosis of cholesterol granuloma yielded 71 patients. Of these, a total of 22
patients received the final diagnosis of cholesterol granulomas. The majority (46) of the other patients had trapped fluid
which was not expansile on CT imaging. The cholesterol
granuloma patients included 13 males and 9 females with an
age range from 14-57 years. The locations of the lesions
included 15 at the petrous apex and eight in the middle
ear/mastoid region. MR imaging demonstrated homogeneously bright signal characteristics on T1 and variable signal on T2 images (homogeneously bright to heterogeneously bright). FLAIR imaging demonstrated uniformly bright
signal in all cases. Diffusion-weighted imaging was variable
ranging from bright to intermediate to dark. CT consistently
showed cholesterol granuloma as an expansile, opacified
lesion with scalloping of the surrounding bone. The size of
the cholesterol granulomas ranged from 1.8 cm to 4 cm
while the trapped fluid ranged from 1.3 cm to 2 cm in greatest dimension.
CONCLUSION
Trapped fluid commonly mimics a cholesterol granuloma on
MR imaging but lack of expansile changes on bone CT differentiates it from cholesterol granuloma. The diagnosis of
cholesterol granuloma in the petrous apex is definitively
made by identifying an expansile lesion on bone CT associated with T1 and T2 hyperintensity.
KEY WORDS: Cholesterol granuloma, trapped fluid, petrous
apex
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RESULTS
During axial acquisition, the average measured absorbed
dose to the lens was found to be approximately 44 mGy
(average coefficient of variation 0.04) and the average measured dose during coronal acquisition was approximately 1.9
mGy (average coefficient of variation 0.025). The lowest
acceptable diagnostic quality for evaluation of the osseous
covering of the tympanic segment, cochlear partitioning, and
crista falciformis was found at 140 mAs. The remaining
structures could be evaluated at 100 mAs.

Paper 306 Starting at 4:11 PM, Ending at 4:19 PM

Thursday.qxp

3/9/2006

12:00 PM

Page 216

Thursday

216
Paper 307 Starting at 4:19 PM, Ending at 4:24 PM

Paper 308 Starting at 4:24 PM, Ending at 4:29 PM

Catheter-Induced Intraoperative Total Thrombosis of a
Distal Anterior Cerebral Artery Aneurysm: Is It the
Narrow Neck or Dissection?

Spontaneous Thrombosis of Sidewall, Midbasilar
Aneurysm after Stenting of Basilar Artery Across the
Neck of the Aneurysm

Ugurel, M. S. · Köroðlu, M. · Bozlar, U.

Gandhi, D. · Nicol, E. · Joseph, G. · Razack, N.

Gülhane Military Medical Academy
Ankara, TURKEY

University of Michigan
Ann Arbor, MI

PURPOSE
To present a case with ruptured intracranial aneurysm that
underwent spontaneous intraprocedural total thrombosis
before coil embolization.

PURPOSE
To report a case of spontaneous thrombosis of a complex,
sidewall, basilar artery aneurysm after Neuroform stent
placement across its neck.

MATERIALS & METHODS
A 83-year-old male presented with confusion and headaches
first but quickly progressed to coma. CT scan showed extensive subarachnoid hemorrhage (SAH) with a possible
aneurysm of anterior cerebral artery origin. Cerebral
angiogram showed a 5.5 mm-long aneurysm sac at the bifurcation of right anterior cerebral artery into pericallosal and
callosomarginal branches. Endovascular treatment with coil
embolization was initiated but difficulties were encountered
in accessing the aneurysm sac.

MATERIALS & METHODS
A forty-five-year-old female presented with a recent history
of four episodes of "passing out" and gait imbalance. At the
time of her most recent episode, the patient experienced a
severe headache and proceeded to the emergency room. CT
and subsequent cerebral arteriogram revealed a sidewall,
complex basilar artery aneurysm. The basilar artery was dysplastic and had a fairly large communication (9.5 mm) with
the aneurysm. The aneurysm width was 1.5 cm and it measured 9 mm in height. Endovascular repair was recommended and stent-assisted coil embolization was planned. A
Neuroform 2, 4 x 30 mm stent was deployed across the
aneurysm neck. During an attempt to cross the proximal
aspect of the stent with the microcatheter in order to perform
coil embolization, the stent moved and its proximal end
migrated into the aneurysm sac. To rescue the situation and
gain complete coverage across the neck, we deployed another Neuroform 2 stent (4.5 x 30 mm) across the aneurysm
neck. We planned to bring the patient back for coil embolization after 6-8 weeks. However, follow-up CT angiogram and
cerebral arteriogram revealed spontaneous aneurysm thrombosis and remodelling of the parent artery.

RESULTS
Aneurysm neck was narrow (2.5 mm) and microcatheter tip
(Excelsior SL-10) kept bouncing from the neck at the bifurcation, though there were instances the tip of either the
microcatheter or the microwire (Transend-14 EX) was 3 to 4
mm inside the sac. Since the microcatheter tip was unstable,
an attempt to deploy a Micrus detachable coil to begin with
was not successful, but simultaneous feeling of lack of room
inside the sac for the coil necessitated a run that showed no
more contrast filling of the aneurysm sac. The filling of callosomarginal branch was not as strong as before and transcatheter tirofiban loading dose ( ~750 mcg) was given in 15
minutes, relying on now secure-looking aneurysm sac.
Follow-up angiogram 3 days later showed persistent occlusion of the aneurysm and perfect filling of all anterior cerebral artery branches.
CONCLUSION
Intracranial aneurysms may undergo spontaneous intraprocedural thrombosis which may even be total, as in this case.
Reasons for this spontaneous aneurysm occlusion could be,
microcatheter/microwire induced dissection of the aneurysm
neck intima, obliteration of the sac inlet by microcatheter if
there is a narrow neck (hence stagnation of blood inside),
and inability to use adequate heparinization initially (i.e.,
before securing the aneurysm more or less) because of
known SAH. The idea of producing a dissection at the
aneurysm neck by a microwire and hence occluding an
aneurysm sack without spending any coils seems appealing,
though how to make this dissection in a "controlled" manner
remains the main concern.

RESULTS
Stents have been known to induce intraaneurysmal flow
reduction, and may therefore be helpful in aneurysm neck
repair. Intraaneurysmal flow pattern changes and the vortex
velocity reduction induced by the stent have been investigated qualitatively and quantitatively in experimental models.
In our patient, spontaneous thrombosis of sidewall basilar
aneurysm was likely a manifestation of intraaneurysmal
flow reduction. Significant remodelling of the basilar artery
also was observed on follow-up imaging.
CONCLUSION
To the best of our knowledge, spontaneous thrombosis of a
saccular aneurysm after Neuroform stent implantation has
not been reported previously. Stent implantation across the
aneurysm neck can result in hemodynamic changes that
might favor the intraaneurysmal flow reduction and its
exclusion from the circulation.
KEY WORDS: Basilar artery, aneurysm, stent

KEY WORDS: Intracranial aneurysm, spontaneous thrombosis, intraoperative thrombosis
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Paper 309 Starting at 4:29 PM, Ending at 4:34 PM

Evans, D. · Diaz, O.

CONCLUSION
We describe a technique that to our knowledge has not been
reported previously. The companion catheter technique adds
another option to the neurointerventionalist’s arsenal for
treating DAVFs. The technique has the potential advantages
of decreasing the cost of the procedure while at the same
time creating a more occlusive and stable embolization plug.

Baylor College of Medicine
Houston, TX

KEY WORDS: Arteriovenous fistula, embolization, dural

Transvenous Embolization of a Dural Arteriovenous
Fistula Using the Companion Catheter Technique: A
Case Report

PURPOSE
We describe a previously unreported technique using two
simultaneous transvenous microcatheters to embolize a
high-flow dural arteriovenous fistula in a 23-month-old
female. The second microcatheter, referred to as the companion catheter, is used to retain access to the distal aspect of
the shunt while the first catheter creates a coil basket. The
companion catheter then is used to inject glue along the
entire course of the coil basket creating a more homogenous
and occlusive embolization plug. The technique may help
decrease the number of coils placed and decrease the likelihood of incomplete shunt occlusion and glue fragmentation.
MATERIALS & METHODS
A 23-month-old female presented with a past medical history significant for intractable seizures. A diagnostic cerebral
angiogram was performed showing a high-flow transverse
and sigmoid sinus fistula with multiple arterial feeding vessels. Under general anesthesia, two microcatheters were
advanced through a guiding catheter into the left sigmoid
sinus. The first microcatheter was used for deployment of
multiple coils into the left sigmoid and transverse sinuses.
The second catheter was left distal to the coils as the coils
were packed around it. After the coil basket was formed,
glue was injected through the second catheter as it was
pulled back across the coils. Postembolization angiographic
runs showed occlusion of the fistula.

Avascularity of Sinonasal Mucosa on MR Imaging as an
Early Sign of Acute Invasive Fungal Rhinosinusitis
Steele, B. M. · Davidson, H. C. · Hamilton, B. E. · Orlandi,
R. R.
University of Utah
Salt Lake City, UT
PURPOSE
To present the finding of mucosal avascularity on enhanced
MR imaging as an early manifestation of acute invasive fungal rhinosinusitis, with exquisite surgical and histologic correlation. This imaging feature is potentially specific in differentiating acute invasive fungal infection from other sinus
inflammatory processes, but has not been explored in the
imaging literature.
MATERIALS & METHODS
Case 1. An obtunded 56-year-old diabetic man with alcoholic hepatitis and acute renal failure was admitted to the
hospital for management of hepatic encephalopathy. One
week after admission the patient developed left periorbital
swelling with proptosis and ophthalmoplegia. Clinical and
imaging signs showed progression of sinonasal and orbital
disease over the next 2 days, and the patient was taken to surgery for endoscopy and biopsy. Sinonasal debridement was
remarkable for necrotic appearance and absence of bleeding
of the mucosa. Biopsy and subsequent mycology revealed
invasive mucormycosis due to the organism Rhizopus
oryzae. The patient then was transferred to hospice for endof-life care. Case 2. A 38-year-old man with decreased mental status was admitted to the medical ICU for treatment of
hepatic encephalopathy and acute renal failure. Two weeks
after admission, the patient developed acute onset periorbital
swelling and gaze palsies in the left eye. Based on clinical
and diagnostic imaging findings over the next 2 days, the
patient was taken for sinonasal exploration and biopsy.
Endoscopy revealed necrosis of the inferior turbinate and lateral nasal wall, with minimal bleeding upon biopsy.
Pathologic examination confirmed invasive mucormycosis.
The patient expired 2 days later after refusing further surgical treatment.
RESULTS
Case 1. CT scan showed mild left intraorbital cellulitis and
diffuse sinonasal opacification, without bony destruction.
Subsequent MR imaging demonstrated proptosis of the left
eye with intraorbital inflammatory changes. Of particular
note, the ipsilateral ethmoid sinuses and high nasal cavity
showed complete opacification and fluid signal, but with a
striking lack of mucosal enhancement. In contrast, the
remainder of the sinonasal structures showed conspicuous
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RESULTS
Dural arteriovenous fistulas (DAVFs) represent approximately 10-15% of cerebral vascular malformations. The initial clinical presentation is variable with patients presenting
with headaches, pulsatile tinnitus, and vertigo to more
aggressive neurologic findings including seizures, intracranial hemorrhage, and neurologic decline. The current belief
is that the clinical symptoms and aggressiveness of the
DAVF is determined by the venous drainage pattern of the
fistula. Historically, DAVFs have been treated with surgical
resection or clipping, transarterial embolization, radiation
therapy, manual compression of the feeding arteries and/or
draining veins in the neck, or a combination of techniques.
More recently, transvenous embolization has been shown to
be an effective and in many cases a preferred treatment for
DAVFs. The treatment usually consists of packing multiple
coils into the draining veins until stasis of flow is achieved.
In high-flow fistulas or in cases where stasis can not be
achieved with coils alone, the injection of glue can be used
to help occlude the sinus. Typically, when injecting the glue,
the microcatheter is placed adjacent to one of the ends of the
coil basket. The technique that we describe allows glue to be
injected throughout the entire course of the coil basket. In
our opinion, this technique offers many advantages including decreasing the number of coils needed to occluded the
sinus, decreasing the length of the coil basket, and decreasing the risk of glue column fragmentation and migration.
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mucosal enhancement that is more typical of noninvasive
inflammatory sinus disease. Case 2. MR imaging showed
fluid levels and mucosal thickening in the left maxillary, ethmoid, and frontal sinuses. The left nasal and ethmoidal
mucosa appeared relatively avascular, with absence of
expected enhancement, suggesting necrosis. Left periorbital
preseptal soft tissue swelling were present without gross
postseptal inflammation. Noncontrast CT scan the following
day was nonspecific and showed pansinus opacification,
without bony destruction.
CONCLUSION
Lack of normally intense sinonasal mucosal enhancement
was demonstrated on early MR imaging in two cases of
acute invasive fungal rhinosinusitis. This finding was evident within 2 days of onset of acute symptoms, before evidence of destructive bony changes on CT, and was correlated with necrosis and absence of bleeding at surgery. Mucosal
avascularity on MR imaging is a potentially specific finding
in early differentiation of this rapidly progressive and often
fatal disease.

terior vomer bone was thin which could be due to bony demineralization or erosion. Unenhanced CT demonstrated a soft
tissue mass centered at the vomer of the nasal septum. It
showed slightly decreased attenuation with scattered tiny
calcifications. The nasopharyngeal roof, skull base including
the sella turcica, and intracranial cavity were intact.
Postoperative MR imaging showed no residual mass.
CONCLUSION
This case supports the theory proposed by Erheim that craniopharyngioma can occur anywhere along the tract of the
craniopharyngeal canal. Imaging diagnosis of extracranial
craniopharyngioma is difficult, particularly when it is far
from the sella trucica. One should consider such a diagnosis
when a posterior nasal mass lacks the characteristics of the
usually occurring nasal masses and shows imaging chracteristics similar to that of sellar/suprasellar craniopharyngioma.
KEY WORDS: Craniopharyngioma, infrasellar, nasal

KEY WORDS: Invasive fungal rhinosinusitis, mucormycosis,
infection
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Children's Hospital of Philadelphia
Philadelphia, PA
PURPOSE
To report a very unusual case of a craniopharyngioma which
originated in the posterior vomer bone and expanded into the
posterior nasal cavities.
MATERIALS & METHODS
A 14-year-old girl otherwise healthy with a 1-year history of
complete bilateral nasal obstruction presented to the emergency department with syncope related to nose-blowing.
Intranasal masses were noted bilaterally and she was referred
to ENT clinic. Intranasal examination revealed that she had
bilateral, obstructing polypoid, tan-colored masses emanating from the posterior nasal cavities. The masses appeared
nonvascular in appearance and minimally purulent. MR
imaging and then CT were obtained. Intraoperative
endoscopy showed a tan, greenish, polypoid well encapsulated mass with scattered calcification which was biopsied
endoscopically and then completely excised. It was pedicled
via a fibrous stalk on the posterior nasal septum.
Histopathologically this lesion was characterized by a loose
multicystic architecture. The tissue was comprised of a squamous epithelium with a basally oriented layer. Areas of socalled wet keratin and focal calcifications also were identified. The histologic findings were consistent with adamantinomatous craniopharyngioma.
RESULTS
MR imaging showed a multilobulated heterogenous T1
hypointense T2 hyperintense mass with heterogenous
enhancement surrounding the posterior vomer bone, and
completely occluding both posterior nasal cavities. The pos-
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Paper 312 Starting at 3:15 PM, Ending at 3:23 PM
Carotid Atherosclerotic Calcification Does Not Appear as
High-Signal in High-Resolution MR Direct Thrombus
Imaging

(hiresMRDTI) and calcification was seen (microCT); however, these represented a very small proportion of the segments with high signal (11/174, 6.3%).

Bitar, R.1,2 · Moody, A. R.1,2 · Symons, S.1,2 · Leung, G.2 ·
Butany, J.1,3 · Crisp, S.2 · Kiss, A.4 · Sahlas, D. J.2 · Gladstone,
D.2 · Maggisano, R.2
1

University of Toronto, Toronto, ON, CANADA,
Sunnybrook and Women's College Health Sciences Centre,
Toronto, ON, CANADA, 3University Health Network,
Toronto, ON, CANADA, 4Institutes for Clinical Evaluative
Sciences, Toronto, ON, CANADA
2

PURPOSE
MR imaging can identify the different components of carotid
atherosclerotic plaques, including intraplaque hemorrhage
(IPH) and lipids. While it is widely accepted that calcium
does not generate MR imaging signal, some studies have
shown that calcium can shorten T1 and appear bright in
some gradient-echo sequences (GRE) (1). We have successfully developed high-resolution MR techniques that, by
exploiting the T1-shortening effects of methemoglobin,
directly visualize hemorrhage/thrombus (when compared
with histology) in complicated atherosclerotic plaques with
500 µm isotropic resolution. This technique has been termed
high-resolution MR direct thrombus imaging (hiresMRDTI).
As IPH appears as high signal in hiresMRDTI (a GRE-based
sequence), and calcium has the potential to appear bright on
GRE, the purpose of this study was to evaluate if the high
signal seen on hiresMRDTI could be attributed solely to IPH
and not to calcification.

RESULTS
Eighty-eight axial images were reviewed per modality. Only
segments where high signal and/or calcification were present
were included in the final analysis (228 segments). High signal was seen in 174 segments, whereas calcification was
seen in 65 segments. High signal seen by hiresMRDTI
showed moderate inverse agreement to calcification [kappa
= -0.55/p < 0.0001/95%CI (-0.69, -0.42)]. In fact, high signal demonstrated excellent agreement with lack of calcification seen on microCT [kappa = 0.89/p < 0.0001/95% CI
(0.82, 0.95)] (Fig 1). In 11 segments, high signal was seen

REFERENCES
1. Henkelman M et al. AJNR Am J Neuroradiol 1994;15:465-472

KEY WORDS: Carotid, atheroma, intraplaque hemorrhage
Paper 313 Starting at 3:23 PM, Ending at 3:31 PM
Evaluation of Contrast-Enhanced Source Images
Improves the Specificity of Carotid Artery MR
Angiography
Layton, K. F. · Huston, J. · Kaufmann, T. J. · Cloft, H. J. ·
Kallmes, D. F. · Krecke, K. N.
Mayo Clinic
Rochester, MN
PURPOSE
Carotid artery MR angiography (MRA) techniques differ in
time required, cost, and accuracy. The purpose of our study
was to determine if review of reformatted source images in
addition to maximun intensity projection (MIP) images
improved the diagnostic accuracy for evaluation of carotid
artery stenosis on MRA.
MATERIALS & METHODS
We retrospectively evaluated 87 carotid arteries in 63
patients who had 2D digital subtraction angiography (DSA),
2D time-of-flight (TOF), and contrast-enhanced (CE) MRA
examinations performed within 28 days of each other, without intervening surgical or endovascular intervention or neurologic event. A stenosis greater than or equal to 70% was
considered to be a positive test result, which potentially
would warrant surgical or endovascular treatment. Two
experienced neuroangiographers determined percent carotid
stenosis from DSA studies using NASCET criteria, and their
average results were used as the reference standard. Three
experienced neuroradiologists evaluated the MRA studies,
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MATERIALS & METHODS
Fifteen patients (13 male/2 female/mean age 71 ± 6.1 years)
undergoing carotid endarterectomy for symptomatic/asymptomatic carotid artery stenosis were imaged at 1.5 T (GE,
USA) using hiresMRDTI and a carotid surface coil (SCANMED, USA). The scanning parameters were: 3D-FSPGR/TR
11.2 ms/TE 3.3 ms/flip angle-15o/FOV-80 mm2/matrix1602/slice thickness-1 mm/spatial resolution-0.5 mm3, fatsuppressed (SPECIAL). As endarterectomy specimens are
decalcified prior to histology processing, calcification was
assessed using a table-top microCT (GE, USA). Scanning
parameters were amperage-80 µA, voltage-80 mV, image
reconstruction at 35 µm. Matching of MR/microCT slices
employed distance from bifurcation, and vessel/plaque morphology. An eight-segment template was used for
MR/microCT correlation. Segments were called positive for
high signal or calcification if the level of involvement of the
segment was > 50%. Agreement between MR/microCT was
measured by calculating Cohen’s-kappa.

CONCLUSION
Even though calcification can appear as high signal in some
GRE-based sequences, the high signal seen in hiresMRDTI
cannot be attributed to calcification. High signal therefore
exclusively represent IPH, known to identify complicated
plaque, rather than calcification, which is increasingly recognized as identifying more stable vascular disease.
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determining if there was a signal void on the 2D TOF
images, and measuring percent stenosis with NASCET criteria using CE MIP images only, as well as CE MIP images
together with CE source images. Therefore, three types of
MRA evaluation were made for each carotid. All readers
were blinded to clinical information, the results of other
imaging modalities and other MRA techniques when evaluating each type of MRA. A flow-void on TOF images was
assumed to represent a high-grade stenosis, such as that
greater than 69%. Statistical analysis was performed to compare the accuracy of the three methods of MRA evaluation to
the DSA results. Sensitivity, specificity, positive predictive
value (PPV), negative predictiive value, accuracy and kappa
were calculated for the determination of a high-grade,
greater than 69% stenosis. Mean differences in carotid stenosis were calculated in comparing the two CE MRA evaluation methods to DSA.

stenosis in the previous 30 days.Eleven patients were asymptomatic. In all cases brain CT was acquired to exclude nonischemic disease. All cases were submitted to ultrasound of
the carotid artery (Acuson X5) and the degree of stenosis,
measure of intimal-media thickness (IMT), and plaque ecogenity were recorded. MR imaging was performed at 1.5 T
(Philips Intera) with a superficial microcoil (FOV:47); in all
cases T1 BB, TSE PD and T2, 3D TOF, 3D T1FFE axial
acquisitions were obtained. Thirteen patients were submitted
to carotid endoarterectomy and carotid plaques removed and
processed for histologic examination. Plaques at MR imaging and histology were classified in vulnerable, stable, and
unstable according to Virmani classification. At ultrasounds,
plaque instability was defined according to the presence of at
least three of the following parameters:stenosis > 70%, disomogeneous ecogenicity, irregular profile,u lceration. All
data were reviewed and categorized independently .

RESULTS
Based upon the DSA results, 31 of 87 (35.6%) carotid arteries
had stenoses greater than 69%, and 56 of 87 (64.4%) measured less than 70%. Measures of MRA test performance are
summarized in Table 1. The kappa value, specificity, PPV and
overall accuracy in evaluating for a high-grade carotid stenosis were highest when the CE source images and MIPs were
evaluated together. The most sensitive MRA technique
involved evaluating the CE MIPs only, although this came at
a significant cost in specificity. Evaluation of the CE MIPs
alone led to an average overestimation of stenosis of 15%.
When the CE source images were evaluated in conjunction
with the CE MIPs, this overestimation was reduced to 5%.

RESULTS
In the 13 cases in which a correlation with histology was possible, ultrasounds showed an accuracy of 80% in detection of
unstable plaque. MR imaging showed a higher concordance
with histology in the identification of stable plaque (k value =
1; p = 0.03) while concordance with unstable plaque, though
not complete, reached statistical significance (p < 0.05).
Considering all 19 cases, presence of disomogeneous ecogenicity at ultrasounds showed the best correlation with the
presence of clinical symptoms, though not statistically significant (p = 0.09). Significant correlation was shown between
MR stable plaque and no neurologic signs while a mild significant correlation (p = 0.05) was demonstrated between MR
and neurologic symptoms. Correlation between histology and
symptoms revealed to be high between stable plaque and
asymptomatic patients while correlation between unstable
plaque and symptoms did not reach significance (p > 0.05),
though resulted to be more significant (p = 0.05) when lipid
necrotic core was considered alone. Moreover a high significant correlation (p < 0.01) was reported between clinical signs
and presence of inflammatory infiltrates.

Table 1. MRA techniques compared with DSA.
(95% conSensitivity
fidence
intervals in
parentheses)

Specificity

Positive
Predictive
Value

Negative Accuracy
Predictive
Value

94 (78-99)
97 (83-99)
77 (58-90)

62 (48-75)
52 (38-65)
86 (73-93)

58 (43-71)
53 (38-66)
75 (56-88)

95 (81-99)
97 (82-99)
87 (75-94)
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2D TOF
CE MIPs
CE Source

74
68
83

Kappa
Value

0.49 (0.33-0.65)
0.41 (0.26-0.56)
0.63 (0.46-0.80)

CONCLUSION
The use of CE MRA MIP images alone frequently miscategorizes the degree of carotid artery stenosis. Utilizing the
axially reformatted CE source images significantly improves
the accuracy of carotid artery stenosis evaluation.
KEY WORDS: Carotid artery, stenosis, MR angiography
Paper 314 Starting at 3:31 PM, Ending at 3:39 PM
Carotid Plaque Characterization in
Symptomatic and Asymptomatic Patients

CONCLUSION
These data though few and preliminary suggest the higher
sensitivity of MR imaging in the charaterization of carotid
plaque in comparison to ultrasounds. Nevertheless more data
are needed to identify patients with carotid stenosis at risk of
developing cerebral infarction.
KEY WORDS: Carotid plaque, MR imaging
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Anzalone, N. E. · Cadioli, M. · Foglieni, C. · Eusebio, G. ·
Sessa, M. · Comi, G. · Maseri, A. · Scotti, G.

Diffusion-Prepared Segmented 3D Steady-State Free
Precession Imaging of the Carotid Bifurcation

Scientific Institute HSRaffaele
Milan, ITALY

Koktzoglou, I. · Carroll, T. J. · Hopkins, J. · Li, D.

PURPOSE
To compare MR and ultrasounds to histology in the identification of vulnerable plaque and to correlate findings with
presence of neurologic events.
MATERIALS & METHODS
Ninteen patients with internal carotid stenosis > 50% determined at Doppler ultrasounds, were included. Eight patients
presented a neurologic focal event ipsilateral to the carotid

Northwestern University
Chicago, IL
PURPOSE
Carotid artery disease is a well known risk factor for ischemic
stroke. Carotid atherosclerotic plaque composition as assessed
with noninvasive black-blood MR imaging has been reported
to help predict the risk of plaque rupture and thrombosis.
Conventional black-blood MR imaging with inflow-based
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preparations to suppress blood signal, however, is prone to
plaque-mimicking flow artifacts in the carotid bulb where
slow-moving, recirculatory blood flow patterns are present.
These artifacts often result in imprecise depiction of plaque
structure with black-blood MR imaging. In this work, we present a novel diffusion-prepared 3D black-blood MR imaging
sequence for carotid wall imaging which is less prone to
plaque-mimicking flow artifacts in the carotid bifurcation.
MATERIALS & METHODS
The carotid arteries of seven healthy volunteers were imaged
in a 1.5 T whole-body clinical scanner (Sonata; Siemens
Medical Systems, Germany). Signal reception was performed with four-channel phased-array carotid coils
(Machnet BV, The Netherlands). A fat-saturated 3D segmented steady-state free precession (SSFP) MR imaging
sequence was utilized for imaging. A mild diffusion-preparation (b-value = 10.41 s/mm2) was used to suppress blood
signal. Comparison of the developed diffusion-prepared
imaging sequence (3D DIFF-SSFP) was made to a previously proposed 3D segmented double-inversion recovery-prepared (i.e., inflow-based) carotid wall imaging sequence (3D
DIR-SSFP) in terms of wall-lumen contrast-to-noise ratio
(CNR) and presence of plaque-mimicking blood signal.
Imaging time was 3 min 12 sec.
RESULTS
Black-blood MR imaging of the carotid bifurcation was performed successfully in all subjects. Plaque-mimicking blood
artifacts present during 3D DIR-SSFP imaging (Fig 1a) were
suppressed with the proposed 3D DIFF-SSFP imaging
sequence (Fig 1b). Mean carotid wall-lumen CNR attained
was 8.5 ± 1.6 and 12.4 ± 2.2 (p < 0.05) (3D DIFF-SSFP and
3D DIR-SSFP, respectively).

CONCLUSION
Diffusion-prepared segmented SSFP is a promising 3D
carotid imaging sequence that robustly suppresses plaquemimicking flow artifacts and facilitates carotid wall imaging. Further verification of the technique in patients with
carotid artery disease will be the focus of future work.
KEY WORDS: Carotid arteries, MR imaging

Vasa Vasorum Enhancement on CT Angiography of the
Carotid Bifurcation Predicts Symptomatic Plaque
Romero, J. M. · Babiarz, L. S. · Forero, N. P. · Gonzalez, R.
G. · Lev, M. H.
Massachusetts General Hospital
Boston, MA
PURPOSE
Recent work, including PET and magnetic iron-oxide
nanoparticle studies, has suggested that inflammatory
change is likely to accompany “vulnerable” plaque in symptomatic patients with internal carotid artery (ICA) stenosis.
Previous authors also have suggested a link between vasa
vasorum vascularity and atheromatous progression/plaque
instability. We hypothesized that vasa vasorum enhancement
adjacent to the carotid bifurcation on CT angiography
(CTA), a potential marker for vulnerable plaque, would be
more prevalent in symptomatic than in asymptomatic
patients with severe (> 70%) ICA stenosis.
MATERIALS & METHODS
From our neurovascular lab database, we identified 37
asymptomatic and 38 symptomatic patients who had > 70%
stenosis on CTA performed according to standard technique.
An experienced reader, blinded to the clinical symptoms,
evaluated the axial CTA source images for the presence or
absence of vasa vasorum enhancement, using visual inspection and image segmentation software (Analyze 6.1, Mayo
Clinic). The vasa vasorum of each case was rated as enhancing, not enhancing, or calcified. Because calcification
obscures potential enhancement, and prior studies have suggested that calcification is a marker for nonactive plaque, the
nonenhancing and calcified lesions were pooled for analysis.
Statistical analysis was with Fisher’s exact test.
RESULTS
Forty-six males and 29 females were enrolled; mean age was
72 years and mean ICA stenosis was 80%. Definitive vasa
vasorum enhancement was noted in 19 of the 38 symptomatic patients (50% sensitivity), and in only eight of the 37
asymptomatic patients (78% specificity). Enhancement was
significantly more likely in the vasa vasorum of symptomatic than of asymptomatic patients (OR 3.625, CI
95%,1.322-9.93, p = 0.01).
CONCLUSION
In patients who are already at risk for symptoms based on >
70% ICA stenosis, additional substratification of risk may be
possible based on the presence or absence of vasa vasorum
enhancement on standard CTA. Patients with such enhancement appear more likely to be symptomatic. A modified neck
CTA protocol, with delayed rather than arterial phase timing,
may have improved discriminatory value in distinguishing,
for a given degree of stenosis, active from inactive carotid
plaque.
KEY WORDS: CT angiography, vaso vasorum, symptomatic
plaque
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Figure 1. A) Multiplanar reconstruction (MPR) through the
carotid bifurcation as acquired with 3D DIR-SSFP (c: common carotid, ec: external carotid, ic: internal carotid).
Potentially plaque-mimicking residual blood signal is
encountered near the bifurcation (dashed arrows), obscuring
delineation the arterial wall. B) Using the proposed 3D
DIFF-SSFP imaging sequence, a MPR at the same location
depicts excellent suppression of blood signal at the same
locations (dashed arrows) and facilitates clear depiction of
the carotid wall (arrowheads).
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Paper 317 Starting at 3:55 PM, Ending at 4:03 PM
Gadolinium-Enhanced MR Angiography in the
Evaluation of Carotid Artery Stenosis: Comparison with
Digital Subtraction Angiography in 238 Patients
Anzalone, N.1 · Scialfa, G.2 · Iezzi, R.3 · Thurnher, S.4 ·
Coulden, R.5
1
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4
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PURPOSE
To evaluate the accuracy of contrast-enhanced MR angiography (CE MRA) with gadobenate dimeglumine in the
assessment of carotid artery stenosis on the basis of digital
subtraction angiography (DSA) findings.
MATERIALS & METHODS
A total of 252 patients (170 male and 78 female; mean age
67.5 years) with suspected carotid artery disease based on
Doppler screening or symptoms of cerebral ischemia were
enrolled in the study. Of these, 238 underwent both MR
angiography (MRA) on a 1.5 T system and DSA examinations within 2 weeks each other. MR angiograms were
acquired using a 2D TOF (TR/TE/FA: ≤30 ms/≤ 7ms/≤60°)
before and a 3D spoiled gradient-echo sequence (TR/TE/FA:
≤7 ms /≤3ms /≥30°) after the administration of 0.1 mmol/kg
gadobenate dimeglumine (MultiHance, Bracco Diagnostics,
Inc.) at 2 mL/sec. Both sequences covered from the aortic
arch to the carotid siphons. Oblique projection for arch vessels and a minimum of 2 projections for each carotid artery
always including a lateral view were obtained at DSA.
Image evaluation was performed by four experienced
reviewers, three for MRA and one for DSA, blinded to all
patient and contrast information. Sensitivity, specificity, and
accuracy as well as interreader agreement for detection of
clinically significant stenosis (≥60%) using DSA as gold
standard were calculated for both TOF and CE MRA and
compared using McNemar’s and Chi-square tests. Safety
was evaluated in terms of monitoring of adverse event, ECG,
vital signs, and clinical laboratory investigations before and
after gadobenate dimeglumine injection.
RESULTS
A total of 196 vessels with significant (≥60%) stenoses and
108 vessels with occlusions were identified by the DSA
reader. The sensitivity for detection of significant disease
ranged from 56.6% to 76.3% and from 57.9% to 86.3% for
2D TOF MRA and CE MRA, respectively. Specificity
increased from 81-83% to 89.5-93.6% and accuracy from
78.3-82.2% to 87.8-89.7% for CE MRA when compared to
2D TOF MRA. All increases in sensitivity, specificity, and
accuracy were statistically significant (p< 0.001) for all readers, with the exception of sensitivity for readers 1 and 2.
Similar trends with statistically significant increases (p<
0.001) in sensitivity, specificity, and accuracy were obtained
by the on-site investigators who performed quantitative
caliper measurements with an overall accuracy value of
87.7% versus DSA. Better interobserver agreement was
noted among the 3 readers for CE MRA (84.7% agreement)
compared to TOF MRA (77.1%) (p < 0.0001). Thirteen
patients (5.2%) experienced an adverse event possibly or
probably related to injection of gadobenate dimeglumine,

and no significant effects on vital signs, clinical laboratory
parameters, or ECG components were noted after drug
administration.
CONCLUSION
In the largest study conducted to date, CE MRA provided
better agreement with the results of DSA than 2D TOF
MRA. Significant increases in diagnostic performance and
test reproducibility were demonstrated in comparison with
unenhanced MRA. Gadobenate dimeglumine is a safe and
effective contrast agent for MRA of the carotid arteries at a
dose of 0.1 mmol/kg.
KEY WORDS: Carotid artery, MR angiography, gadobenate
dimeglumine
Paper 318 Starting at 4:03 PM, Ending at 4:11 PM
Carotid CT Angiography: Correlation of a Linear
Measure with DUS
Aviv, R. · Jahromi, B. · Verma, R. · Bartlett, E. · Sahlas, D. ·
Brodie, D. · Symons, S. · Fox, A.
Sunnybrook Hospital
Toronto, ON, CANADA
PURPOSE
Three randomized trials showed benefit for endarterectomy
in patients with symptomatic stenosis. Although catheter
angiography (DSA) remains a standard for many, a recent
CTA report suggests that percent stenosis from DSA can be
replaced by mm measurement from CTA. Many centers rely
on noninvasive imaging for patient assessment including
DUS and CTA. CT angiography has many advantages over
ultrasound. Recent studies confirm reliable carotid assessment with DUS, but rely on NASCET-derived percent stenosis. The purpose of this study is to expand a previously validated linear measure corresponding to NASCET-derived
values and compare with other noninvasive modalities
(DUS).
MATERIALS & METHODS
Thirty-nine consecutive symptomatic patients were evaluated prospectively with both CTA and DUS between January
2003 and June 2004. Two highly experienced technicians
performed DUS utilizing standardized and laboratory validated velocity ratios. CTangiography axial source and multiplanar maximum intensity projection reformatted images
were reviewed. Two experienced neuroradiologists blinded
to all other data independently documented stenosis degree
using a linear measurement of narrowest diameter and
NASCET-style values. The presence of calcification, ulceration and tandem lesions was recorded. Linear regression
analysis was performed between linear and NASCETderived measures and a coefficient of determination was
obtained. Correlation was estimated using the Spearman
Correlation. Where there was disparity between the two
modalities for category of stenosis, a qualitative assessment
of both studies was made by all participants to account for
differences.
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RESULTS
There were 24 male patients. The mean age was 69 years
(SD 13.5). The median number of days between exam was 2
(range 0-30). Symptoms were right sided in 17. The coefficient of determination was similar for both NASCET and
linear measure when compared with Doppler ultrasound (r2
= 0.7). Agreement between ultrasound and CTA was moderate irrespective of method used (K = 0.5).

CONCLUSION
Higher iodine concentration (370 mgI/mL) yields better
image quality than standard concentration (300 mgI/mL) in
cervical CT angiography.
KEY WORDS: CT angiography, carotid artery, contrast agent
Paper 320 Starting at 4:19 PM, Ending at 4:27 PM

CONCLUSION
Agreement between CTA and ultrasound is imperfect, and
presumably relates to wide latitude of stenosis degrees with
DUS. There was no difference in the coefficient of determination between the linear measure and NASCET-derived
values. A single linear measure may be used instead of a
NASCET-derived value.
KEY WORDS: CT angiography, carotid, DUS
Paper 319 Starting at 4:11 PM, Ending at 4:19 PM
Value of Higher Iodine Concentration in Contrast
Material for Carotid CT Angiography
Tsuchiya, K. · Amagami, M. · Tateishi, H. · Yoshida, M. ·
Nitatori, T.
Kyorin University
Tokyo, JAPAN
PURPOSE
We compared the usefulness of higher concentration of
iodine in contrast material (370 mgI/mL) compared with
standard concentration (300 mgI/mL) in CT angiography of
the cervical artery.

RESULTS
Attenuation of the CCA, which is correlated directly with
visualization of the CCA and its branches, was significantly
higher in group A than in group B. The difference in attenuation between the CCA and IJV, which greatly affects how
easily and well the IJV is deleted in postprocessing, was significantly larger in group A than in group B. On visual
assessment, the IJV overlapped less the CCA in group A than
in group B.

Turk, A. S. · Rowley, H. · Mukherjee, R. · Haughton, V. ·
Turski, P. · Pulfer, K. · Niemann, D. · Aagaard-Kienitz, B.
University of Wisconsin
Madison, WI
PURPOSE
CT perfusion (CTP) is a relatively new scanning technique
that provides qualitative and quantitative evaluation of cerebral perfusion. Despite the widespread clinical use, there is
limited data in the literature on the clinical utilization of the
quantitative data. Further, significant challenges are faced in
determining appropriate techniques for following patients
who have undergone revascularization procedures. Addition
of physiologic information, such as perfusion imaging, may
improve the quality of noninvasive imaging currently being
used. We have evaluated 29 patients with qualitative CTP
abnormalities which resolved with arterial stenting to determine if significant quantifiable differences exist between
regions of the normal and affected (side of stenting) hemispheres before and after stenting.
MATERIALS & METHODS
Quantitative CT perfusion data from 29 patients undergoing
endovascular stent placement for an arterial stenosis with a
related perfusion abnormality corresponding to this vascular
supply on CTP were reviewed retrospectively. In all patients,
CTP was performed before the revascularization procedure
and around 3 months after stent placement. The quantitative
CTP data were analyzed statistically to evaluate the MTT,
CBF, and CBV values in the normal and affected hemispheres before and after treatment. In order to inhibit the
effects of vascular signal contamination, data also were reanalyzed with both large (unselective) and small (parenchymal
only) matching regions of interest (ROI) placed in the affected and matching contralateral (normal) areas.
RESULTS
Statistically significant differences, using the student t-test,
in MTT (p = 0.0001) and CBF (p = 0.0006) values were
found when comparing the normal and the affected hemispheres prior to stent placement which were not present after
therapy. This difference was not seen with CBV (p = 0.31)
before or after therapy. Further, when comparing the affected hemisphere only before and after treatment, a significant
improvement in MTT (p = 0.0064) and CBF (p = 0.042), but
not for CBV (p = 0.10). No significant change was found
when comparing the normal hemisphere only before and
after treatment with MTT, CBV, or CBF. When small ROIs
were compared to large ROIs the MTT and CBF values
became more significant in all cases.
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MATERIALS & METHODS
The study included 18 patients (12 men and six women; age
range, 58-83 years; mean age, 68 years) referred for cervical
CT angiography. They were alternately assigned to one of
two patient groups that received contrast material of higher
(370 mgI/mL, nine patients, group A) or standard (300
mgI/mL, nine patients, group B) iodine concentration. We
injected 100 mL of contrast material in a right antecubital
vein using a power injector. CT angiography was performed
using a 16-detector row helical system with scanning parameters as follows: pitch, 15; collimation, 15 mm; and reconstruction interval, 0.3 mm. We started scanning when the
attenuation of a region of interest (ROI) placed in the aortic
arch reached 130 HU. On source images, we measured the
attenuation of ROIs placed in the common carotid artery
(CCA) and internal jugular vein (IJV) just below the carotid
bifurcation. Additionally, on final images, we visually evaluated the degree of demonstration of the internal jugular
vein.

Utilization of Quantitative CT Perfusion for Evaluating
Cerebral Perfusion Effects Related to Carotid Stenting
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Large ROI
Affected
Mean Blood Mean Blood
Flow, ml/
Volume, ml/
100g/min
100g

Before
After

28.4
33.3

1.73
1.45

Before
After

20.7
32.8

1.28
1.39

Normal

Mean Transit
Time,/sec

Mean Blood
Flow, ml/
100g/min

6.3
40.6
4.8
37.5
Small ROI
6.5
41.6
4.5
37.6

Mean Blood Mean Transit
Volume, ml/ Time,/sec
100g

1.60
1.48

4.0
4.2

1.55
1.43

3.8
4.3

CONCLUSION
Quantitative CT perfusion data are reliable indicators of relative perfusion states with regard to MTT and CBF.
Significant quantifiable differences exist in hypoperfused
regions of the brain that improve after revascularization.
These differences are more pronounced when small regions
of interest are utilized, presumably related to avoiding inaccuracy related to vascular contamination. These observations
support the additive value of CTP in following patients that
have undergone therapeutic interventions.
KEY WORDS: CT perfusion, stent
Paper 321 Starting at 4:27 PM, Ending at 4:32 PM
A Rare Cause of Isolated Oculomotor Nerve Palsy:
Spontaneous Hemorrhage versus Cavernoma
Feeney, C.1 · Kupersmith, M.1 · DeLara, F.1 · Tobias, M.2 ·
Langer, D.2
1

Beth Israel Medical Center, New York, NY, 2Roosevelt
Hospital, New York, NY
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PURPOSE
To describe the radiologic, clinical, and intraoperative findings of a rare cause of isolated third nerve palsy.
MATERIALS & METHODS
A 31-year-old male, presented with progressive diplopia and
ptosis over 6 days. Past medical history was not significant.
Physical exam was normal except for complete right third
nerve palsy. Neuroimaging suggested a thrombosed
aneurysm or an inflammation along the third nerve. Surgical
exploration was performed to secure a diagnosis and
improve nerve function. Through a right pteronial craniotomy, a mass, completely invested in the third nerve, separate
from the PCA or SCA, was visualized. The mass appeared to
be a cavernoma or hemorrhage. A small clot was evacuated
from the nerve without further bleeding. Six weeks postoperatviely, there was some pupillary response, 3-4 mm elevation of levator function, and mild recovery of the medial and
inferior recti.
RESULTS
The initial MR imaging demonstrated a nodular 4 mm
nonenhancing lesion in the right interpeduncular cistern at
the level of the third nerve. The lesion had heterogeneous
signal on T1, hypointensity on T2, and hyperintensity on
FLAIR, suggestive of blood products. MR angiography
failed to demonstrate a patent aneurysm. A catheter
angiogram was negative. A CTA demonstrated a 4 mm
hyperattenuating nodule at the expected level of the third
nerve between the PCA and SCA with inferior displacement
of the right SCA.

CONCLUSION
A patient who presents with pupillary involving third nerve
palsy must be evaluated for an intradural aneurysm. The
imaging studies suggested a thrombosed aneurysm.
Inflammatory or neoplastic processes were thought to be less
likely given the lack of enhancement. Surgical exploration
determined the lesion to be intraneural, implicating a cavernoma versus spontaneous hemorrhage, correlating with the
imaging and clinical features. A review of literature revealed
only five cases of intraneural hemorrhage and four cases of
cavernoma of the oculomotor nerve.
KEY WORDS: Oculomotor, palsy, hemorrhage
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Paper 322 Starting at 4:32 PM, Ending at 4:37 PM

Paper 323 Starting at 4:37 PM, Ending at 4:42 PM

Stenting and Angioplasty with Neuroprotection for
Restenosis of an External to Internal Carotid Artery
Anastomosis: Case Report and 1-Year Follow Up

Air in the Superior Ophthalmic Vein Following
Resuscitation: A Practical Demonstration of the Value of
Thin Reformats Extracted from Multidetector CT Scan
Data

Lesley, W. S.
Texas A&M University/Scott and White Clinic
Temple, TX
PURPOSE
Based upon a PubMed abstract search, no previous reports
exist for endosurgical stenting and angioplasty of a cervical
ICA-ECA anastomotic stenosis.
MATERIALS & METHODS
An 81-year-old male presented with a 95% stenosis of an
internal (ICA) to external carotid artery (ECA) anastomosis,
which had been performed previously for carotid occlusive
disease. The stenosis was reduced to less than 50% using
balloon angioplasty and a Precise stent with Filter-Wire neuroprotection. There were no complications.
RESULTS
At 1-year follow up, the patient remained neurologically stable and no restenosis was noted on ultrasound.

KEY WORDS: Carotid artery, stent, restenosis

Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
We present an unusual case of air in the orbits and cavernous
sinuses after emergent resuscitation of a patient. On thin
reformats of the CT data into 1.25 mm slices reformatted
into the coronal plane the orbital air was demonstrated to be
in the superior ophthalmic vein. This represents an extreme
case of intracranial and intraorbital air most likely inadvertently introduced during venous access and resolved on a
subsequent scan 2 days later.
MATERIALS & METHODS
A 83-year-old female with history of a prior MCA distribution infarct presented to the radiology department at DHMC
for an MRI/MRA examination. During and after the exam
the patient was noted to be somnolent. After completion of
the MR imaging exam, the patient was sent to the vascular
lab for carotid duplex ultrasound where she had a generalized tonic clonic seizure. A code blue was called. Labs
obtained during the code revealed a mixed respiratory and
metabolic acidosis. The patient was postictal and confused,
but improved over 1-2 hours. She had a head CT scan 6
hours after the code. During her hospital stay, the patient was
found to have a urinary tract infection and received a 5-day
course of ciprofloxacin. A second scan was obtained 2 days
later. She was discharged on the sixth hospital day.
RESULTS
Following the patient’s seizure, the initial CT exam showed
no evidence of acute injury, but air was evident in the cavernous sinuses extending to the left superior petrosal sinus
and superior ophthalmic veins. Thin reconstruction with
reformats were performed and these demonstrated more air
than was evident on the usual 5 mm sections. Follow-up
noncontrast head CT 2 days later demonstrated complete resolution of the abnormal air.
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CONCLUSION
Regarding restenosis of a cervical ICA to ECA anastomosis,
angioplasty and stenting can be performed both safely and
with a durable result.

Meszaros, M. D. · Mamourian, A. C.
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CONCLUSION
Air in the cavernous sinus can represent an incidental finding thought to be the result of venous air emboli from intravenous lines. This case demonstrates that at least in the setting of resuscitation, air may be found not only in the cavernous sinus, but can be demonstrated in the petrosal sinuses and even the ophthalmic veins which communicate with
the cavernous sinus. It also demonstrates the value of thin
reformatted images extracted from the raw data when using
multidetector scanners.
KEY WORDS: Superior ophthalmic vein, gas, reformats

atric, and brain stem systems. MR imaging sequences (T2,
FLAIR, and diffusion-weighted images) were read by a neuroradiologist aware of the diagnosis but blinded to the clinical signs.
RESULTS
Five patients had extrapyramidal, four pyramidal, six cerebellar and four brain stem signs. All the patients had psychiatric symptoms but only three had significant cognitive
impairment. Five patients had bilateral asymmetric hyperintense signals in the basal ganglia. Three patients had no obvious basal ganglia MR pathology, two of which had significant extrapyramidal signs. This group had higher mean
scores than the pathological MR group on the extrapyramidal scale (4.0 ± 2.3 versus 2.8 ± 0.8, mean ± SE).

Thursday Afternoon
3:15 PM – 4:45 PM
Room 1AB
(66d) ADULT BRAIN: Demyelinating,
Degenerative, Cerebrovascular and
Metabolic Diseases
(Scientific Papers 324 – 334)
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See also Parallel Sessions
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(66b) HEAD AND NECK: Skull Base, Temporal Bone,
Sinonasal
(66c) ADULT BRAIN: Vascular, Extracranial
Moderators:

Dean K. Shibata, MD
Clifford Eskey, MD, PhD

Paper 324 Starting at 3:15 PM, Ending at 3:23 PM

Figure 1. A DTI image demonstrating high signal in the basal
ganglia and in few cortical areas.
CONCLUSION
The most common early CJD MR pathology in basal ganglia
does not inevitably reflect concurrent extrapyramidal signs,
at least on routine radiologic examination. Possibly, clinical
symptoms appear at an early stage of functional disruption,
before tissue damage is sufficient to elicit diffusion abnormalities on MR imaging. Alternatively, symptoms may arise
by mechanisms other then BG lesions, such as disconnection
syndromes.
KEY WORDS: Jakob-Creutzfeldt disease, basal ganglia

Clinical and MR Imaging Signs of Basal Ganglia
Dysfunction in Familial Jakob-Creutzfeldt Disease
Paper 325 Starting at 3:23 PM, Ending at 3:31 PM
Hoffmann, C.1 · Efraty, L.1 · Chapman, J.1 · Prohovnik, I.2
1

Sheba Medical Center, Ramat-Gan, ISRAEL, 2Mount Sinai
Center, New York, NY
PURPOSE
Although neuroimaging techniques have become increasingly important in the diagnosis of CJD, there are few reports
regarding the correlation between MR imaging findings and
the clinical manifestations of the patients.
MATERIALS & METHODS
As part of a large prospective clinical study we performed a
preliminary analysis of clinical and initial MR imaging data
from eight consecutive familial CJD (E200K mutation) close
to the onset of disease. Groups of signs were scored as
absent, present, or severe by a novel clinical scale for
extrapyramidal, pyramidal, cerebellar, cognitive, psychi-

Multiple Sclerosis Plaque Characterization with
Diffusion Tensor Imaging and Fiber Tracking
Kouo, T. J. · Becker, R. M. · Lefkowitz, D. M. · Gately, K. J.
· Repsyte, Z. · Li, C. · Roys, S. · Gullapalli, R.
University of Maryland
Baltimore, MD
PURPOSE
The underlying histologic changes in multiple sclerosis
(MS) plaques are characterized only partially by routine
pulse sequences such as T1, proton density, T2, and FLAIR.
The most significant shortcoming is their inability to reliably
characterize the degree of axonal loss, except when there is
complete tissue destruction with "black holes" result.
Diffusion tensor imaging (DTI) and fiber tracking (FT) rep-
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resent new tools to further characterize white matter, and we
sought to apply them to this problem. The basis of our investigation is the assumption that black holes on T1-weighted
images and normal-appearing white matter (NAWM) represent two extremes of tissue integrity, and that intermediate
degrees of damage are represented by their conspicuity or
lack thereof on T1. We hypothesized that significant differences would be observed in parameters derived from DTI
and FT when comparing groups of lesions stratified in a limited fashion by routine sequences. If this were shown, then a
basis for using DTI and FT for definitive tissue characterization would be established.
MATERIALS & METHODS
Geometrically matched T1, FLAIR, and 12-direction DTI
sequences were acquired on a commercial 1.5 T Siemens
Avanto scanner. Postprocessing was performed on a
Leonardo workstation running the DTI Task Card licensed
from Massachusetts General Hospital. Lesions were defined
as follows: Type 0 "lesions": NAWM; Type 1: FLAIRhyperintense, T1-isointense; Type 2: FLAIR-hyperintense,
T1-hypointense; Type 3: FLAIR and T1-hypointense.
Regions of interest (ROIs) were drawn on lesions as depicted on the DTI B0 images and fiber tracks grown using constant angle threshold (0.40) and variable fractional
anisotropy (FA) threshold (0.15-0.25). Fractional anisotropy
in the results was obtained specifically for the ROI. Fiber
track density (FTD) was defined as the number of fibers/ROI
volume. Fiber track volume (FTV) was defined as the volume of fiber tracks/ROI volume.

CONCLUSION
Fractional anisotropy, FTD, and FTV are DTI-derived measures of tissue integrity that represent continuous variables for
characterizing WM disease in MS. Significant differences
were found for these parameters among lesions categorized
by conventional sequences, and these relationships show
promise for strengthening with increases in sample size. This
holds considerable potential for more precise determination
of disease burden and could lead potentially to a better
understanding of the clinical significance of WM changes
observed on conventional sequences.
KEY WORDS: Multiple sclerosis, diffusion tensor imaging,
tractography

T2 Lesion Volume and Cognitive Function in Multiple
Sclerosis Patients
Rovira, A. · Porcel, J. · Aymerich, X. · Arévalo, M. · Rio, J.
· Alonso, J. · Montalban, X.
Hospital Vall d'Hebron
Barcelona, SPAIN
PURPOSE
The discrepancy between brain MR imaging parameters and
clinical measures in MS patients is well recognized. This
clinical-MR imaging paradox can be explained by the inherent limitations of both methods of assessment. Variations in
the eloquence of the lesion location, presence of diffuse tissue damage at a microscopic level, prevalent involvement of
the spinal cord, and a low degree of pathologic specificity of
conventional MR measures, are likely to account for the contribution of MR imaging to the discrepancy. However, the
suboptimal efficacy of clinical scales for assessing neurologic impairment and disability in MS patients also may play a
part. The Expanded Disability Status Scale (EDSS), the most
commonly used clinical measure for this purpose, has several limitations, such as suboptimal interrater variability, bias
toward locomotor function with no representation of the cognitive domain, and limited sensitivity to changes. The purpose of this study was to compare the correlations obtained
between conventional brain MR imaging measurements and
clinical and neuropsychological measures in a relatively
large cohort of MS patients.
MATERIALS & METHODS
One hundred and seventy-two MS patients (79 relapsingremitting, 45 secondary progressive, and 48 primary progressive) underwent brain MR imaging, clinical assessment
with the traditionally applied EDSS, and neuropsychological
assessment with the Symbol Digit Modalities Test (SDMT),
a test assessing speed of information processing and attention, capacities that are often impaired in MS patients. MR
imaging consisted of T1- and T2-weighted images of the
brain from which the hyperintense lesion load (T2LL) and
brain parenchymal fraction (BPF) were quantified.
RESULTS
Significant correlations between brain MR imaging data
(T2LL and BPF) and both the EDSS (r = 0.43; r = -0.43; P <
.001) and SDMT (r = -0.53; r = 0.48; P < .001) were demonstrated. MRI-EDSS correlations did not achieve significance
when the different MS phenotypes were analyzed.
Correlations between T2LL and SDMT were higher in the
progressive MS forms (SP; r = -0.49, P < .005; PP; r = -0.65,
P < .01), as compared to the relapsing-remitting forms (r = 0.20, P = ns). These correlations were higher in patients with
a longer disease duration (≤5 years r = -0.34, P < .01; > 5
years; r = -0.58, P < .001) and greater disability (EDSS 0-3.5
r = -0.28, P < .01; EDSS 4.0-6.0; r = -0.54, P < .001; EDSS
6.5-7.0; r = -0.75, P < .001). Similar results were observed in
the correlations between BPF and SDMT.
CONCLUSION
The present study shows that a significant correlation exists
between conventional MR-based measurements and cognitive function in MS patients with long disease duration, high
disability, and a progressive course. The lack of representa-
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RESULTS
Thirty-eight lesions were analyzed: 16 type 0, 11 type 1, 11
type 2, and 0 type 3. The continuous variables studied were
ROI FA, FTD, and FTV. Using the Friedman test for rank
order correlations, significant differences or trends between
type 0, type 1, and type 2 lesions were found for lesion FA
(p = 0.035) and FTD using FA thresholds of 0.20 (p = 0.02)
and 0.25 (p = 0.001). Trends towards significance were
found for all other continuous variables (p = 0.122-0.27).
Mean FA, FTD, and FTV were lower for type 2 lesions than
type 1 at all FA thresholds; however variance was high.
Thus, no significant differences could be found using the
Wilcoxon 2-tailed statistic comparing type 1 and type 2
lesions directly. Data collection will be continued.

Paper 326 Starting at 3:31 PM, Ending at 3:39 PM
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tion of the cognitive domain could partially explain the classical discrepancy between brain MR imaging measurements
and clinical measures, at least in the advanced stages of MS.
KEY WORDS: Multiple sclerosis, MR imaging
Paper 327 Starting at 3:39 PM, Ending at 3:47 PM
Evaluation of Normal-Appearing White Matter in
Multiple Sclerosis: Comparison of Diffusion MR
Imaging, Magnetization Transfer Imaging, and
Multivoxel MR Spectroscopy
Demirci, A. · Anik, Y. · Inan, N. · Efendi, H. · Iseri, P. ·
Komsuoglu, S.
Kocaeli University School of Medicine
Kocaeli, TURKEY
PURPOSE
To assess diffusion MR imaging, magnetization transfer
(MT) imaging and multivoxel MR spectroscopy findings of
plaques, periplaque white matter and normal-appearing
white matter regions in multiple sclerosis (MS).
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MATERIALS & METHODS
Diffusion MR imaging, MT imaging, 3D multivoxel MR
proton spectroscopy as well as conventional MR imaging
were performed in 31 patients with MS and in 30 healthy
control subjects. Apparent diffusion coefficient (ADC) mapping was performed on diffusion MR imaging using b = 0
and b = 1000 values. Apparent diffusion coefficient, magnetization transfer ratio (MTR) and N-acetylaspartate
(NAA)/creatine (Cr) ratio were measured in plaques, normal-appearing periplaque white matter regions and normalappearing white matter regions remote from the plaques in
MS patients and compared with the control subjects.
RESULTS
Apparent diffusion coefficients were found to be higher in
periplaque regions than in normal-appearing white matter
regions but lower than in plaques. Apparent diffusion coefficient values of the periplaque regions and normal-appearing
white matter were indistinguishable from normal white matter in control subjects (p = 0.178 and p = 0.501, respectively) but differ significantly in plaques (p < 0.001).
Magnetization transfer ratios were lowest in plaques, lower
in periplaque regions than in normal-appearing white matter
in MS patients compared with that of the control group (p <
0.01). NAA/CR ratio showed a significant decrease in all
regions of MS patients compared to control subjects
(p<0.001). Correlation between NAA/Cr ratio and MTR
value of plaque, periplaque region and normal appearing
white matter were good in MS.
CONCLUSION
Although both MTR values and N-acetylaspartate/Cr ratios
were significantly decreased in the normal-appearing white
matter regions in all MS patients; decrease in NAA/Cr ratio
seems to be more valuable parameter in the assessment of
subtle white matter abnormalities.
KEY WORDS: Multiple sclerosis, multivoxel MR spectroscopy, magnetization transfer imaging

Paper 328 Starting at 3:47 PM, Ending at 3:55 PM
Cortical Activation Volume during a Bilateral Motor
Task in Multiple Sclerosis Patient Is Significantly
Affected by Subject Motion and Task Performance
Horenstein, C. I. · Phillips, M. D. · Bedekar, D. · Marie, R. ·
Stone, L. · Bhattacharyya, P. K. · Dzemidzic, M. Z. · Lowe,
M. J.
The Cleveland Clinic Foundation
Cleveland, OH
PURPOSE
To assess the confounding effects of head motion and task
performance on the functional MR imaging (fMRI) cortical
activation volume in multiple sclerosis (MS) patients during
performance of a bilateral motor task.
Materials and Methods
Gradient-echo EPI fMRI exams at 3 T were performed in 25
MS patients and 20 controls. All subjects underwent multiple sclerosis functional composite (MSFC) testing prior to
MR scanning. Subjects performed a bilateral complex finger
tapping paradigm. Performance was monitored with a data
glove (5DT, Irvine, CA). Head motion was monitored with a
real-time motion detection method. Student t maps were calculated and overlaid onto high-resolution anatomical
images. For each subject, ROIs were defined bilaterally
around the primary sensorimotor cortices, supplementary
motor area, premotor cortex, secondary and supplementary
sensory regions. Cortical volume of activation was determined for a range of thresholds from t > 3.5 to t > 12. To
quantitate the effects of head motion on activation volume,
mean head displacement was calculated from the motion
parameters for each time point (1) and correlated with the
first and second harmonics of the reference function. Each
correlation was plotted against the total activation volume
for each subject to determine which subjects had significant
motion related activation.
RESULTS
Multiple sclerosis functional composite scores were 0.3907
+/- 0.4387 for patients and 0.5880 +/- 0.4167 for controls (p
= .0393). Task error rate was 0.0985 +/- 0.0722 for patients
and 0.0939 +/- 0.0738 for controls. Multiple sclerosis functional composite and task error rate were significantly correlated across all subjects (r = -0.5709, p = 4.2168e-05). For all
thresholds, the activation volume, mean student t and mean
percent signal change were not significantly different
between controls and MS patients. When the data were reanalyzed excluding subjects with significant motion effects,
control subjects had a significantly greater activation volume
than MS patients for all thresholds (p < 0.05). When the
groups were subdivided based upon task performance, and
control subjects with poor performance were compared to
MS subjects, no significant difference was identified in the
volume of activation.
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were assessed before and after contrast administration, both
times being scanned without and with a chemical shift-based
fat-suppression pulse. Region of interest (ROI) measurements were carried out. An area of “normal-appearing white
matter” (NAWM) also was evaluated on each of the 26 sections. The magnetization transfer ratio was determined as
follows: (ROI without fat-suppression - ROI with fat-suppression)/ROI without fat-suppression). An objective measure of conspicuity, the image contrast (IC), was determined
as follows: ROI (lesion) - ROI (white) for the two contrastenhanced series, and ROI (white) - ROI (lesion) for the two
nonenhanced series.

CONCLUSION
After controlling for head motion, the activation volume during a hand motor task is greater in control subjects than MS
patients. This result differs from previously presented fMRI
data in MS. Additionally, careful assessment of task performance suggests that activation in poor-performing control
subjects is similar to that seen in MS patients. Findings suggest the need to account for head motion and task performance in assessment of fMRI data.
REFERENCES
1. Jiang A, Kennedy DN, Baker JR, et al. Motion detection and
correction in functional MR imaging. Human Brain Mapping
1995; 3:224-235

CONCLUSION
Evidence suggests that at 3.0 T, a chemical shift-based fatsuppression pulse can be used to produce magnetization
transfer contrast. Probably due to the high concentration of
macromolecules in myelin, the suppression is more intense
for white matter than lesions. This results in increased conspicuity of enhancing lesions but decreased conspicuity for
nonenhancing lesions on T1-weighted images.
KEY WORDS: Multiple sclerosis, magnetization transfer, fat
suppression
Paper 330 Starting at 4:03 PM, Ending at 4:11 PM

Paper 329 Starting at 3:55 PM, Ending at 4:03 PM
Magnetization Transfer Effect of Fat Suppression Pulses
on Conspicuity of MS Lesions at 3.0 T: Preliminary
Results of the “BECOME Trial”
Wolansky, L. J. · Biswal, B. · Sheynzon, V. · Recio, E. ·
Bhagat, N. · Cook, S. D. · Haghighi, M. H. · Joseph, G. ·
Ilyasova, L. · Cadavid, D.
New Jersey Medical School/University of Medicine &
Dentistry of New Jersey
Newark, NJ
PURPOSE
To investigate whether a chemical shift-based fat-suppression pulse improves conspicuity of enhancing MS lesions on
noncontrast and contrast-enhanced scans due to an off-resonance magnetization transfer (MT) effect at 3.0 T.
MATERIALS & METHODS
Five MS subjects from the BECOME trial (Betaseron vs.
Copaxone in MS with triple-dose gadolinium and 3.0 T MR
imaging endpoints) were studied. The 41 enhancing lesions

Optimizing White Matter Lesion Detection at 3 T with
PROPELLER FLAIR: Longer or Shorter TE?
Shapiro, M. D. · Hartker, R. · Williams, D. · Ramnath, R.
Neuroskeletal Imaging of Winter Park
Winter Park, FL
PURPOSE
The purpose of this study was to determine whether a longer
or shorter TE is better for detecting white matter lesions
(WMLs) for a PROPELLER FLAIR pulse sequence at 3 T.
MATERIALS & METHODS
One hundred consecutive patients' brain MR scans were performed on a GE 3 T Excite HD system using both a longer
(140 msec) and shorter (108 msec) TE with a PROPELLER
FLAIR pulse sequence in addition to other routine pulse
sequences. All patients' scans were reviewed independently
by either two neuroradiologists or by one neuroradiologist
and an MR imaging radiologist. The number and conspicuity ( scale 1-3) of WMLs identified on the longer and shorter TE sequences were recorded. It was not possible to blind
the readers for the varied TE sequences due to the striking
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KEY WORDS: Functional MR imaging, multiple sclerosis,
head motion

RESULTS
A) Contrast-enhanced: Lesions: Decreased signal with fat
suppression was seen in 100% of lesions (n = 41). The mean
lesion MTR was 11%. White matter: Decreased signal with
fat suppression was seen in 100% of white matter areas (n =
26). The mean white matter MTR was 24%. The suppression
pulse improved the mean image contrast from 439 to 457. B)
Nonenhanced: Lesions: Decreased signal with fat suppression was seen in 100% of lesions (n = 41). The mean lesion
MTR was 18%. White matter: Decreased signal with fatsuppression was seen in 100% of white matter areas (n = 26).
The mean white matter MTR was 25%. The suppression
pulse decreased the mean image contrast from 80 to 21.
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disparity in appearance of gray/white matter differentiation
on the longer TE sequence compared to the shorter TE pulse
sequence.
RESULTS
Seventy-one WMLs were identified on the longer TE (140
msec) PROPELLER FLAIR pulse sequence that were not
seen on the shorter TE (108 msec) PROPRELLER FLAIR
pulse sequence. No WMLs were visualized on the shorter TE
sequence that were not identified also on the longer TE
sequence.
CONCLUSION
1. For the detection of WMLs at 3 T with a PROPELLER
FLAIR pulse sequence, longer TE (140 msec) is superior to
a shorter TE (108 msec). 2. Gray/white matter diffferentiation is delineated much better using the longer TE PROPELLER FLAIR pulse sequence which prohibits blinding
the varying TE sequences.
KEY WORDS: FLAIR, PROPELLER, 3 T
Paper 331 Starting at 4:11 PM, Ending at 4:19 PM
Use of FLAIR and Diffusion-Weighted Imaging
Sequences Alone as a Limited "Screening" Study of the
Brain
Hwang, G.1 · Hartman, J.2

CONCLUSION
In 98.5% of cases, an abbreviated examination using only
axial FLAIR and DWI sequences could either clear the
patient as having no significant abnormality or, if abnormal,
would alert one to the need for additional sequences. Use of
this “screening” examination of the brain in routine practice
would result in marked reduction in scan time and allow
greater throughput or, alternatively, additional time to direct
toward complex cases or advanced imaging techniques.
KEY WORDS: MR imaging, brain, screening
Paper 332 Starting at 4:19 PM, Ending at 4:27 PM
Iron Content in Basal Ganglia of Patients with
Parkinson’s Disease and Multisystem Atrophy Measured
by PRIME at 3 T
Griffiths, P. D. · Wallis, L. · Grunewald, R. · Joy, H. · Paley,
M.
University of Sheffield
Sheffield, UNITED KINGDOM
PURPOSE
Patients with Parkinson’s disease (PD) have increased levels
of iron at various sites within the basal ganglia. In this study
we measured transverse relaxation times in the brains of
patients with PD of different disease durations. We also studied a smaller group of patients with multiple system atrophy.

1
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University of California Davis Medical Center, Sacramento,
CA, 2Kaiser Permanente, Sacramento, CA

MATERIALS & METHODS
Two hundred consecutive brain MR imaging studies in
adults (80 M:120 F, ages 18-97 years) were reviewed retrospectively. An initial interpretation was made based solely
upon axial FLAIR and DWI sequences, and this then was
compared to interpretation based upon a complete study,
including T1, proton density, T2, gradient recalled echo, and,
in some cases, postcontrast T1-weighted axial and coronal
images.

MATERIALS & METHODS
Patients were recruited from a movement disorders clinic at
a regional neuroscience centre in the North of England.
Eighty-four patients with PD have been recruited with an age
range from 41 to 87 years. An "off-medication" assessment
of movement disability was made. The PD patients were
split into three groups based on disease duration: < 5 years
(n = 27), 6-8 years (n = 21), > 13 years (n = 27). Nine
patients with confirmed MSA have been studied also. A
PRIME sequence with 5 spin echoes and 8 interleaved gradient echoes per spin echo was implemented on a 3 T system
(Intera, PMS) for simultaneous measurement of R2 and R2*
and hence R2´ ( TR = 4000 ms, spin echo TE = 30, 60, 90,
120, 150 ms, gradient echo TE = n x 3.3 ms (n = 1-8) following each spin echo). Raw data were processed using a
nonlinear least squares fitting routine written in-house using
MATLAB. Our early analysis has concentrated on the putamen and substantia nigra measuring R2´ in a 5 x 5 pixel ROI.
A subset of 11/84 patients had repeat measurement to test for
reproducibility of the technique.

RESULTS
In 155 cases, there was no difference in interpretation
between the limited sequences and the complete study. In 34
cases, the FLAIR/DWI sequences demonstrated the salient
findings more conspicuously or more information was
obtained than with the remainder of the sequences. In eight
cases, the findings were less conspicuous or less information
was obtained based upon the FLAIR/DWI sequences,
although without change in diagnosis following review of
the complete study. In three cases, abnormalities were
missed, these being small, unruptured aneurysms and small,
skull-base en plaque meningioma. No false positive study
was encountered.

RESULTS
Figure 1 shows a typical resultant R2´ map acquired in coronal section of a PD patient. Increased R2´ relaxation rate can
be seen, particularly in the globus pallidus, which is recognized site of high iron levels. The reproducibility of the
measurements was excellent when assessed in 11 patients
with PD. Our results show no significant difference in R2’
value in the substantia nigra or putamen between the three
disease duration groups. However there was a statistically
significant positive correlation between R2’ value and symptom severity. Findings consistent with raised iron levels in
the putamen were found in patients with multisystem atrophy when compared to patients with PD.

PURPOSE
As MR imaging is relied upon increasingly for diagnosis of
intracranial disease, resources may become strained by the
length of time required for these studies. In an effort to
define a “screening” brain MR imaging examination, accuracy of a limited scan using only fluid-attenuated inversion
recovery (FLAIR) and diffusion-weighted imaging (DWI)
sequences was evaluated.
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CONCLUSION
R2’ is thought to be the optimal parameter for investigating
iron deposition in the brain with MR imaging. Our early
analysis shows no relationship between the duration of PD
and R2’ values suggesting that there is not more iron deposition in patients with long-standing PD. In contrast, high iron
levels appear to correlate with severe disease symptoms. In
contrast to PD there does appear to be increased iron deposition in the putamen of patients with multisystem atrophy.
This may be method of distinguishing between the two diseases, which may be difficult clinically early in the disease.
Acknowledgement: We thank Action Medical Research for
funding this project.
KEY WORDS: Iron deposition, Parkinson's disease

or trends between Type 1 and Type 2 lesions were found for
lesion FA (Wilcoxon 2-tailed: p = 0.033), fiber track density
(FTD) (p = 0.213), and fiber track volume (FTV) (p = 0.004)
at track growing threshold FA = 0.15. At higher track growing FA thresholds (0.20, 0.25), type 1 and 2 lesions trended
toward differences in track density (p = 0.11, p = 0.093) and
track volume (p = 0.169, p = 0.123), respectively. Using the
Friedman test for rank order correlations, significance was
found for ROI FA (p < 0.001), FTD and FTV at 0.15-0.20 FA
thresholds (p < 0.001-0.016), and trended toward significance at 0.25 FA threshold (p = 0.13-0.22). Lesion FA, track
density, and track volume decreased in value with increasing
lesion severity. No correlation was found between mean
track FA or mean track length and lesion severity. Increasing
FA threshold for track growing reduces the track density,
track volume, and mean track length, and increases track FA.

Becker, R. M. · Lefkowitz, D. M. · Kouo, T. J. · Li, C. ·
Gately, K. J. · Repsyte, Z. · Roys, S. · Gullapalli, R.

CONCLUSION
Fractional anisotropy, fiber track density and fiber track volume are DTI-derived measures of tissue integrity that represent continuous variables for characterizing ischemic WM
disease. This enables more precise determination of disease
burden and could lead potentially to a better understanding
of the clinical significance of WM changes observed on conventional sequences.

University of Maryland
Baltimore, MD

KEY WORDS: Diffusion tensor imaging, ischemia

Paper 333 Starting at 4:27 PM, Ending at 4:35 PM
Identifying
UBOs:
Ischemic
White
Matter
Characterization with Diffusion Tensor Imaging and
Fiber Tracking

MATERIALS & METHODS
Geometrically matched T1, FLAIR, and 12-direction DTI
sequences were acquired on a commercial 1.5 T Siemens
Avanto scanner. Postprocessing was performed on a
Leonardo workstation running the DTI Task Card licensed
from Massachusetts General Hospital. Lesions were defined
as follows: Type 0 "lesions": NAWM; Type 1: FLAIRhyperintense, T1-isointense; Type 2: FLAIR-hyperintense,
T1-hypointense; Type 3: FLAIR and T1-hypointense. ROIs
were drawn on lesions as depicted on the DTI B0 images and
fiber tracks grown using constant angle threshold (0.40) and
variable fractional anisotropy (FA) threshold (0.15-0.25).
RESULTS
Seventy-two lesions were analyzed in 28 patients: 30 Type 0;
17 Type 1; 13 Type 2; and 12 Type 3. Significant differences

Paper 334 Starting at 4:35 PM, Ending at 4:43 PM
Comparison of Diffusion Tensor Measurements in
Patients with Normal Pressure Hydrocephalus and
Alzheimer’s Disease
Spektor, V. · Law, M. · Golomb, J. · George, A.
New York University Medical Center
New York, NY
PURPOSE
Normal pressure hydrocephalus (NPH) is a unique disorder
of primarily elderly population which at be least can be
reversed partially (gait dysfunction) by surgical CSF diversion. It is often difficult to differentiate patients with NPH
and dementia from patients with other types of dementia,
notably Alzheimer’s disease (AD). We hypothesize that there
is a difference in diffusion densor MR imaging (DTI) measurements in motor tracts of patients with NPH when compared to patients with AD and normal age-matched controls.
MATERIALS & METHODS
Twenty-nine patients with clinical diagnosis of NPH, four
patients without clinically apparent symptoms and with ventriculomegaly, 49 patients with the clinical diagnosis of
Alzheimer’s disease, and eight age-matched asymptomatic
volunteers were recruited for this study. Axial DTI data were
positioned in the same manner as the FLAIR images and
acquired with a pulsed-gradient, double spin-echo, echo-planar imaging method (5300/74; 128 x 128 matrix; 220 x 220
mm FOV; twenty 5 mm contiguous slices; b = 1000 s/mm2)
in six directions. Multiple ROIs were placed within the white
matter. Measurements of eigenvalues, fractional anisotropy
(FA), and mean diffusivity (MD) were correlated with
patient’s clinical symptoms, particularly with the degree of
gait disturbance and cognitive impairment. Clinical and
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PURPOSE
The underlying histological changes in ischemic white matter disease are characterized only partially by routine pulse
sequences such as T1, proton density, T2, and FLAIR. The
most significant shortcoming is their inability to reliably distinguish true infarct from gliotic change resulting from
milder degrees of ischemia. Diffusion tensor imaging (DTI)
and fiber tracking (FT) represent new tools to further characterize white matter, and we sought to apply them to this
problem. The basis of our investigation is the assumption
that "black holes," lesions dark on T1-weighted and FLAIR
images, and normal-appearing white matter (NAWM) represent two extremes of tissue integrity, and that intermediate
degrees of damage are represented by their conspicuity or
lack thereof on T1. We hypothesized that significant differences would be observed in parameters derived from DTI
and FT when comparing groups of lesions stratified in a limited fashion by routine pulse sequences. If this were shown,
then a basis for using DTI and FT for definitive tissue characterization would be established.
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imaging follow up at 1 and some cases at 2 years was
obtained.
RESULTS
Mean FA measured at the genu of internal capsule in NPH
patients with significant gait disturbance was 0.68 ± 0.039,
mean FA in AD patients was 0.75 ± 0.053 and mean FA in
neurologically asymptomatic patients was 0.76 ± 0.057. In
comparing NPH and AD patients, the results were statistically significant at the P < 0.003 level. Notably, NPH
patients with only minimal gait disturbance have FA values
in the same range as asymptomatic and AD patients. The FA
values in the posterior limb of the internal capsule are lower
than in the anterior limb when measured in the same patient
on the same axial image in symptomatic NPH patients,
which is the reversal of the normal relationship as seen in
AD and normal control patient groups. The long-term follow
up and posttreatment DTI measurements currently are being
collected and analyzed on the initial group of eight NPH
patients that had surgical treatment. Eigenvalue data also are
being analyzed currently.
CONCLUSION
Diffusion tensor imaging can be used to differentiate
between NPH and AD in patients with combined or overlapping set of symptoms of gait disorder and dementia.
Diffusion tensor imaging may be useful in selecting those
patients with NPH who are likely to benefit from CSF diversion surgery.
KEY WORDS: Normal pressure hydrocephalus, diffusion tensor imaging
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Thursday Afternoon
4:50 PM – 6:20 PM
Room 5AB
(67) Oral Cavity (ASHNR)
Global Anatomy of Oral Cavity
 Karen L. Salzman, MD
Oral Mucosal Space/Surface Anatomy and Diseases
 Joel K. Curé, MD
Normal Anatomy and Lesions of the Submandibular
Space
 Kristine M. Mosier, DMD, PhD
Sublingual Space Normal Anatomy and Diseases
 Hilda Elie Stambuk, MD
Moderator:

Karen L. Salzman, MD

Global Anatomy of Oral Cavity
Karen L. Salzman, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Develop a "space-based" understanding of the normal
axial anatomy of the oral cavity area.
PRESENTATION SUMMARY
Oral cavity (OC) is the area of suprahyoid neck anterior to
the oropharynx. Oral cavity is separated from oropharynx by
the soft palate, anterior tonsillar pillars and circumvallate
papillae. Oral cavity is bordered superiorly by hard palate
and maxillary alveolar ridge, laterally by cheek-buccal
space, inferiorly by mylohyoid muscle (floor of mouth),
mandibular alveolar ridge and teeth, and posteriorly by soft
palate, anterior tonsillar pillars and lingual tonsils (tongue
base).
Four distinct regions in oral cavity:
Oral mucosal space/surface (OMS)
Sublingual space (SLS): Non-fascial lined area superomedial to mylohyoid muscle
Submandibular space (SMS): SMS is located inferolateral
to mylohyoid muscle
Root of tongue (ROT): Genioglossus-geniohyoid complex
and lingual septum
Sublingual Space
SLS is located in oral tongue between mylohyoid muscle
inferolaterally and genioglossus muscle medially. Sublingual
spaces communicate anteriorly and form a “horizontal horseshoe” in deep oral tongue. Posteriorly, SLS empties into posterosuperior aspect of SMS and inferior parapharyngeal
space. Important to remember that no fascia separates posterior SLS from SMS and inferior PPS allowing direct communication and spread of disease among these spaces.
SLS contents:
Lingual nerve: V3 sensory combined with CN7 chorda tympani nerve (anterior 2/3 of tongue taste)
Distal CN9 and CN12 (motor to tongue)
Lingual artery, vein
Sublingual glands, ducts
Hyoglossus muscle, anterior margin
Deep portion of submandibular gland and duct
Submandibular Space
SMS is a “vertical horseshoe” space between the hyoid bone
below and the mylohyoid muscle sling above. SMS communicates posteriorly with inferior PPS and posterior SLS.
SMS continues inferiorly as anterior cervical space.
SMS contents:
Large superficial portion of submandibular gland
Submental (level IA) and submandibular (level IB) lymph
nodes
Facial vein, artery
Inferior loop of CN12
Anterior belly of digastric muscles
Oral mucosal space/surface
The oral mucosal space lines the entire OC including buccal
(cheek), gingival (gum), palatal and lingual surfaces. It contains subepithelial collections of minor salivary glands
found all over OC.
Retromolar trigone: Small triangular shaped region of
mucosa behind last molar on mandibular ramus. Represents
an anatomical crossroads of OC, oropharynx, soft
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palate, buccal space, floor of mouth, masticator space and
PPS.
Pterygomandibular raphe: Fibrous band extending from
posterior mandibular mylohyoid line to medial pterygoid
plate hamulus. Buccinator and superior pharyngeal constrictor muscles meet at pterygomandibular raphe. This raphe lies
beneath mucosa of retromolar trigone and represents a perifascial route of spread for SCC.

Oral Mucosal Space/Surface Anatomy and Diseases
Joel K. Curé, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the anticipated patterns of spread in metastatic
oral squamous cell carcinoma.
2) Review the anatomy of the oral mucosal space.
3) Illustrate the appearance of oral mucosal squamous cell
carcinomas.
4) Review the epidemiology and pathophysiology of oral
squamous cell carcinomas.

REFERENCES
1. Walker DM, Boey G, McDonald LA. The pathology of oral
cancer. Pathology 2003:35;376-383
2. Neville BW, Day TA. Oral cancer and precancerous lesions.
CA A Cancer Journal for Clinicians 2002:52;195-215
3. Jalisi S. Management of the clinically negative neck in early
squamous cell carcinoma of the oral cavity. Otolaryngol Clin
N Am 2005:38;37-46
4. Mukherji SK, Castelijns J, Castillo M. Squamous cell carcinoma of the oropharynx and oral cavity: How imaging makes
a difference. Seminars in US, CT, and MRI 1998:19;463-475
5. Mukherji SK, Pillsbury HR, Castillo M. Imaging squamous
cell carcinomas of the upper digestive tract: What clinicians
need to know. Radiology 1997:205;629-646

Kristine M. Mosier, DMD, PhD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the anatomical boundaries of the submandibular
space (SMS).
2) Recognize lesions that arise within, or involve, the SMS.
3) Identify the anatomical relationships between the SMS
and adjacent spaces including the sublingual space (SLS)
and parapharyngeal space (PPS).
PRESENTATION SUMMARY
The submandibular space (SMS) is formed by superficial
layers of the deep cervical fascia, and is defined as a horseshoe shaped space in the suprahyoid neck lying inferolateral
to the mylohyoid muscle and superior to the hyoid bone. The
SMS is bounded medially and laterally by the superficial
layer of deep cervical fascia which splits into two layers to
envelope the space. Importantly, there is no fascial layer at
the posterior boundary such that there is direct communication with both the sublingual space and the parapharyngeal
space. The contents of the SMS include the superficial portion of the submandibular gland, submandibular and submental lymph nodes, the anterior belly of the digastric muscle, the facial vein and artery, the hypoglossal nerve, and fat.
A variety of disease processes may involve the submandibular space including inflammatory or infectious processes,
lesions of congenital or developmental origin, as well as
benign and malignant neoplasms.
REFERENCES:
1. Harnsberger, H.R. Oral Cavity: Emphasizing the Sublingual and
Submandibular Spaces. In: Handbook of Head and Neck
Imaging, 2nd Ed., St.Louis, Mosby 1995: 134-143
2. Macdonald AJ, and Harnsberger, HR. Oral Cavity. In:
Harnsberger HR, ed. Diagnostic Imaging: Head and Neck, Salt
Lake City, Amirsys 2004: III, 4-34
3. Smoker W. The Oral Cavity (Section VI), and Salivary Glands:
Anatomy and Pathology (Section VII). In: Head and Neck
Imaging. Som PM, Curtin HD (Editors). 4th Edition. Mosby
Inc., St. Louis, MI. 2003

Sublingual Space Normal Anatomy and Diseases
Hilda Elie Stambuk, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Define the anatomical boundaries of the sublingual space
(SLS) and its contents.
2) Discuss disease processes that involve the SLS including
congenital, inflammatory/infectious and neoplastic diseases.
3) Identify the treatment implications of adjacent disease
processes that involve the SLS.
PRESENTATION SUMMARY
The sublingual space (SLS) is a bowl shaped potential space
bounded inferiorly by the mylohyoid sling. The mylohyoid
muscle lies inferolateral on either side of the SLS. The

Thursday

PRESENTATION SUMMARY
This presentation will review the normal anatomy of the oral
mucosal space. We will focus on the most common oral
mucosal pathology that head and neck radiologists
encounter, oral squamous cell carcinoma (SCC). The epidemiology and pathophysiology of oral SCC will be discussed. The CT and MR imaging appearance of oral SCC
will be illustrated, and the expected pathways, locations, and
critical imaging features of metastatic disease will be
reviewed. Oral carcinoma accounts for up to 5% of all cancers in Europe and the United States. Over 90% of oral cancers are squamous cell carcinoma. The most common risk
factors are tobacco and alcohol abuse. The most common
sites of oral SCC are the posterior lateral and ventral tongue,
floor of mouth, and soft palate. The chief negative prognostic factor is metastatic adenopathy, which halves the cure
rate. Current treatment choices for the patient with a clinically negative neck include observation with neck dissection
upon clinical detection metastases, elective neck dissection,
and elective neck irradiation. Imaging can be very helpful in
the noninvasive early detection of clinically inapparent cervical nodal metastatic disease, improving on the yield of
clinical examination (75% sensitivity) to approximately
91%.

Normal Anatomy and Lesions of the Submandibular
Space
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genioglossus/geniohyoid complex is located centrally within
the SLS and artificially divides it into right and left halves.
In actuality the SLS is one contiguous space that is not
encapsulated by fascia. It extends anteriorly up to the
mandible and blends posteriorly with the submandibular
space (SMS) and the inferior parapharyngeal space (PPS).
This allows disease processes easy access between these
three spaces. The SLS is a conduit that funnels structures to
and from the oral cavity and its contents include the sublingual salivary glands and ducts, the deep portion of the submandibular salivary glands and ducts, lingual nerve, lingual
artery and vein, and distal hypoglossal and glossopharyngeal
nerves. Disease processes that involve the SLS will be discussed under the following major headings:
congenital/developmental (dermoid, lingual thyroid tissue,
thyroglossal duct cyst, lymphangioma), inflammatory
(abscess, sialocele, ranula), benign neoplasms (benign mixed
tumor of sublingual or minor salivary gland origin) and
malignant tumors (mucosal squamous cell carcinoma, adenoid cystic or mucoepidermoid carcinoma of sublingual or
minor salivary gland origin). Certain benign conditions have
distinctive radiographic features which help in the differential diagnosis. On the other hand the SLS is frequently
involved by disease processes from adjacent areas in the oral
cavity. Squamous cell carcinoma (SCCa) is therefore the
most common malignant tumor to involve the SLS. We will
discuss the radiologic assessment of SCCa spread patterns
since this information is crucial for anatomic staging and
accurate treatment planning.
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4:50 PM – 6:20 PM
Ballroom 6ABCF
(68) Primary Stroke Centers:
Implications for Diagnostic and
Therapeutic Neuroradiologists
(ASITN) – Audience Response System
(ARS)*
What Is a Primary Stroke Center? Do You Want It
and How You Get It?
 Tom Bleck, MD
Primary Stroke Center: Implications for Diagnostic
Neuroradiology
 C. Douglas Phillips, MD
Primary Stroke Center: Implications for Therapeutic
Neuroradiologists
 Gary R. Duckwiler, MD
Primary Stroke Center: Panel Discussion
Moderator:

C. Douglas Phillips, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology.

What Is a Primary Stroke Center? Do You Want It and
How You Get It?
Tom Bleck, MD
Thomas P. Bleck MD FCCM is the Louise Nerancy Eminent
Scholar in Neurology at the University of Virginia and professor of neurology, neurologic surgery, and internal medicine. He received his medical degree from Rush Medical
College in Chicago, where he also completed residencies in
internal medicine and neurology, and a fellowship in epilepsy. Since 1990 he has directed the neuroscience intensive
care unit at Virginia. He is certified in internal medicine
(with added qualifications in critical care), neurology, and
clinical neurophysiology. He is a member of the boards of
director of the Society of Critical Care Medicine and the
Neurocritical Care Society. He serves as neuroscience editor
of Critical Care Medicine, Critical Care, Current Treatment
Options in Neurology, and Current Opinion in Critical Care.
He is also on the editorial board of Neurocritical Care. Dr.
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Bleck served as the first president of the Neurocritical Care
Society from 2003 - 2005. His research interests include
head injury, status epilepticus, infectious diseases, acute
cerebrovascular diseases, and neuromuscular respiratory
failure. He has served more than 100 visiting appointments
and lectureships internationally, and has published 75
papers and 115 books and book chapters.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the JCAHO criteria for stroke center certification.
2) Define the site visit process.
3) Identify the documentation involved.
PRESENTATION SUMMARY
The Joint Commission on the Accreditation of Healthcare
Organizations (JCAHO) and the American Stroke
Association have established criteria under which hospitals
can apply for certification as “primary stroke centers.” This
process is one of 31 certifications available through the
JCAHO, and is the only one that has certified more than a
few centers. As of December 2005, 208 primary stroke centers were certified (see http://www.jcaho.org/dscc/dsc/certified+organizations/certified+organizations-disease.htm#primestroke). This talk will review the potential value of accreditation, the processes involved, and the next step: comprehensive stroke center accreditation.

Primary Stroke Center: Implications for Diagnostic
Neuroradiology
C. Douglas Phillips, MD

PRESENTATION SUMMARY
The concept of a Primary Stroke Center (PSC) has been
championed by a number of organizations, resulting in the
development of a JCAHO certification program. This talk
will cover the topic of the Primary Stroke Center as it applies
to a diagnostic neuroradiology service. The history of the
PSC will be briefly discussed. I will emphasize the critical
element of access to imaging services in the evaluation of the
stroke patient, and discuss the process of becoming a PSC.
The current criteria to gain and maintain PSC certification
will be covered. I will discuss the process at UVA to become
a PSC, and problems we have faced.

Gary R. Duckwiler, MD
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Appraise the advantages and disadvantages of becoming a
Stroke Center.
2) Define and list the Primary Stroke Center Requirements.
3) Recognize the implications of acute stroke care for the
neurointerventionalist.
4) Define and list the Comprehensive Stroke Center
Requirements.
PRESENTATION SUMMARY
There are currently two documents put forth by the Brain
Attack Coalition. The first defined the Primary Stroke
Center, and was accepted by the JACHO (Joint Commission
on the Accreditation of Healthcare Organizations), which
then instituted an accreditation based on that document. At
that time, no specific neurointerventional procedures were
essential to achieving the Primary Stroke Center certification. The second document defined the Comprehensive
Stroke Center. This recent publication defines a center which
would be able to provide the whole gamut of neurointerventional services, including aneurysm and vascular malformation treatment, vasospasm treatment, and acute stroke intervention [intraarterial tPA (tissue plasminogen activator)].
Although JACHO has not formally adopted this publication
for an additional level of accreditation, it would not be unexpected if they do so in the near future. In some states, legislative actions have occurred which also have altered the
landscape of acute stroke care. In some states this has meant
EMS redirection to stroke centers for patients who have
acute neurologic change. Hospitals with emergency rooms
obviously are concerned about being bypassed and are
scrambling to achieve at least Primary Stroke Center status.
This may fundamentally change the way care is delivered for
stroke. For neurointerventionalists, it may not be feasible to
survive in centers without such a designation. This would be
akin to the Trauma Center model. This can be a boon or
bane, as caseload and call would increase and potentially
24/7 coverage be mandated. Centralization of service may
become inevitable or a network pattern may develop. The
latest information on state activities, JACHO certification,
and the subsequent anticipated changes in neurointerventional care patterns will be presented.

Primary Stroke Center: Panel Discussion
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LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Briefly explain the procedure to become a certified
JCAHO primary stroke center.
2) Emphasize the aspect of access to neuroradiology services in stroke evaluation.
3) Describe the issues of concern to a diagnostic neuroradiology program in becoming a PSC.

Primary Stroke Center: Implications for Therapeutic
Neuroradiologists
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Optimization of the High Field MRS
 Peter B. Barker, PhD

practice of MR spectroscopy (MRS) in clinical neuroradiology. The fundamental phenomena underlying MR imaging
including nuclear spin paramagnetism, chemical shift, scalar
coupling, and relaxation will be reviewed. The popular pulse
sequences available for in vivo MRS will be presented
including pulse-acquire, spin echo, volume localization
methods such as PRESS and STEAM, and suppression
sequences for unwanted resonances such as CHESS and
outer-volume saturation. The basic principles of the most
widely implemented MRS method, single-voxel 1H spectroscopy, will be covered in detail, with special attention to
real-world issues such as water and lipid suppression, magnetic field homogeneity, sensitivity, metabolite visibility, and
relaxation times. Approaches to spectral quantitation will be
introduced and MRS-specific artifacts and their minimization will be discussed. Methods for generating MR spectroscopic imaging (MRSI) including echo-planar and spiral
sequences will be reviewed. Basic signal processing and
spectral quantitation of 1H MRS and MRSI data will be
described. Finally, an overview of MRS using other biologically relevant nuclei, such as 13C and 31P, will be presented
with examples relevant to neuroradiology. The presentation
will be illustrated with relevant examples from both research
and clinical MRS at low and high magnetic fields.

Moderators:

REFERENCES
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4:50 PM – 6:20 PM
Ballroom 6DE
(69) Advanced Imaging Seminar Spectroscopy
Spectroscopy Principles and Techniques
 J. Michael Tyszka, PhD
Clinical State of the Art

Thursday

 Kim M. Cecil, PhD

Timothy P.L. Roberts, PhD
Aaron S. Field, MD, PhD

1. Ross B, Bluml S. Magnetic resonance spectroscopy of the
human brain. Anatomical Record 2001;265:54-84
2. Gadian DG. NMR and Its Applications to Living Systems, 2nd ed.
Oxford, United Kingdom: Oxford Science Publications, 1995

Spectroscopy Principles and Techniques

Clinical State of the Art

J. Michael Tyszka, PhD

Kim M. Cecil, PhD

Dr. Tyszka received an honors BA in physics (1987) and a
Ph.D. (1993) in MR imaging from Cambridge University,
England. He also holds an M.Sc. (1988) in information technology from Aberdeen University, Scotland. He moved to
California in 1992 and has since worked in clinical MR
imaging research at the University of Southern California,
Cedars-Sinai Medical Center, and City of Hope National
Medical Center. He is currently Director of Magnetic
Resonance Physics for the Caltech Brain Imaging Center
and a consultant to Children’s Hospital Los Angeles. His
current research develops and applies MR imaging to fields
ranging from developmental biology to cognitive neuroscience.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Describe recent advances in MR spectroscopy at conventional and high magnetic field strengths.
2) Recognize clinically relevant features of MRS applied in
pediatric and adult brain disease.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the physical phenomena underlying magnetic resonance spectroscopy.
2) Review the pulse sequences for volume localization and
unwanted signal suppression in general use for clinical
MRS.
3) Identify the most important obstacles to successful in vivo
MRS and methods for overcoming these obstacles.
4) Identify the importance of spectral quantitation in the
analysis and interpretation of clinical MRS results.
PRESENTATION SUMMARY
This presentation covers the essential background to the

PRESENTATION SUMMARY
MR spectroscopy (MRS) developed in a research environment often translates poorly in the clinical setting. This presentation updates the audience on developments in MRS at
conventional (1.5 T) and high (3.0 T) magnetic field
strengths. Recent hardware and software refinements
impacting MRS is discussed in the context of their clinical
benefit as well as their limitations. The presentation summarizes the current capabilities of MRS to aid in diagnosis and
treatment monitoring of pediatric and adult patients with
brain injury and disease.
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Optimization of the High Field MRS
Peter B. Barker, PhD

Time-Lapsed Mapping of Gray and White Matter
Changes in Aging and Cognitive Disorders
Paul Thompson, MD

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the advantages and challenges with high field
MRS.
2) Discuss recent technical advances in high field MR spectroscopic imaging.
PRESENTATION SUMMARY
MR Spectroscopy of the human brain is expected to benefit
from the use high magnetic field strengths (for instance, 3
and 7 Tesla). However, expected improvements in localized
MR spectra will only be fully realized if techniques are
adapted to address the challenges that high fields present,
such as increased magnetic susceptibility effects, chemical
shift displacement artifacts, altered relaxation times, inhomogeneous radiofrequency fields and increased power deposition. This presentation will highlight recent technical
advances in MR spectroscopic imaging at high fields, and
illustrate the improved spectral, temporal and/or spatial resolution, that may be achieved compared to 1.5 Tesla.
Examples will be presented both in normal brain and in
pathology.

Thursday Afternoon
4:50 PM – 6:20 PM
Room 1AB

Time-Lapsed Mapping of Gray and White Matter
Changes in Aging and Cognitive Disorders
 Paul Thompson, MD
Diffusion Tensor Imaging of Psychiatric Diseases
 Paolo Nucifora, MD
Fiber Tracking in Preoperative and Intraoperative
Surgical Planning
 Pratik Mukherjee, MD, PhD
Discussion
Moderators:

Aaron S. Field, MD, PhD
TBD

Paolo Nucifora, MD
Paolo Nucifora received his M.D. and Ph.D. degrees from
the University of Chicago, where he wrote his thesis on the
biophysical properties of the presynaptic terminal. He joined
the University of Pennsylvania as a resident in 2002,
received an RSNA Research Resident Grant in 2004, and
began his neuroradiology fellowship at HUP last year. He
has presented his work regarding white matter asymmetry at
multiple meetings and has authored an upcoming review on
clinical uses of diffusion tensor imaging.
LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify evolving clinical applications of DTI that may be
suitable to psychiatric disease.
2) Review the principles of diffusion tensor imaging and
tractography.
3) Describe how DTI is currently being applied to psychiatric disease.
4) Illustrate recent approaches to DTI postprocessing and
group analysis.
PRESENTATION SUMMARY
Diffusion tensor imaging provides a unique perspective of
the organization of white matter. Single-voxel measurements
permit the characterization of white matter microstructure,
whereas postprocessing algorithms, including tractography,
allow visualization of global patterns of connectivity in the
brain. Since some psychiatric disorders are believed to be
associated with white matter disorganization, DTI will likely prove useful in their evaluation. This is an exciting
prospect, as conventional imaging has had little success so
far in characterizing these diseases. Recent findings in DTI
of psychiatric disease will be reviewed, including behavioral
disorders, depression, autism, obsessive-compulsive disorder, and schizophrenia. Special attention will be paid to
schizophrenia, in which DTI has suggested abnormalities in
key white matter structures such as the corpus callosum,
uncinate fasciculus, and cingulate. Current challenges
involving the acquisition and analysis of DTI data will be
described. In particular, the advantages and disadvantages of
different methods of analysis will be compared, including
ROI-based and voxel-based approaches. Finally, the potential role of tractography in psychiatric disease will be discussed.

Thursday

(70) Structural Gray and White Matter
Mapping in the Cognitive
Neurosciences (ASFNR)

Diffusion Tensor Imaging of Psychiatric Diseases
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Fiber Tracking in Preoperative and Intraoperative
Surgical Planning
Pratik Mukherjee, MD, PhD

Thursday

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Integrate DTI tractography with functional cortical localization techniques (fMRI, MEG, intraoperative stimulation
mapping).
2) Define the scientific basis of diffusion tensor imaging
(DTI) tractography, including its limitations.
3) Apply DTI tractography to presurgical white matter localization.
4) Review the different techniques for DTI fiber tracking,
including their strengths and weaknesses.
PRESENTATION SUMMARY
Although techniques such as functional magnetic resonance
imaging (fMRI) and magnetoencephalography (MEG) for
preoperatively localizing eloquent regions of cerebral cortex
are now in widespread use, the mapping of functionally
important white matter tracts has lagged behind despite its
obvious importance for preventing surgical morbidity. This
has begun to change with the adoption of diffusion tensor
imaging (DTI) tractography. In this presentation, current
techniques for performing DTI fiber tracking are examined,
broadly categorized into “deterministic” and “probabilistic”
methods. The present strengths and weaknesses of each of
these methods are also considered, as well as the issue of validating the results of fiber tracking. Examples are provided
of the normal anatomy of functionally-specific white matter
tracts in the human brain, delineated with DTI tractography.
Mapping of these white matter pathways is demonstrated in
patients with brain tumors, combined with functional localization techniques such as fMRI, MEG, and intraoperative
cortical stimulation. Finally, newer high angular resolution
diffusion imaging (HARDI) techniques for tractography are
introduced that may overcome some of the limitations of
DTI fiber tracking.

Discussion

Thursday Afternoon
5:00 PM – 6:00 PM
Room 2
(71) NLM Workshop: When PubMed
Is not the Answer...
 Linda Milgrom
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NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.
Sinonasal Case Review

Friday Morning

C. Douglas Phillips, MD

7:00 AM – 8:00 AM
Ballroom 6ABCF
Pediatric Head & Neck Case Review

(72) Minimally Invasive Imaging
Guided FNA of Neck and Skull Base
Masses
— Laurie A. Loevner, MD
Moderator: Laurie A. Loevner, MD

Friday Morning
8:00 AM – 9:30 AM
Ballroom 6ABCF
(73) Maintenance of Certification
(MOC) Review Session – Head and
Neck – Audience Response System
(ARS)*
Sinonasal Case Review
— C. Douglas Phillips, MD

Temporal Bone Case Review
— Joel D. Swartz, MD
Moderator:

C. Douglas Phillips, MD

*An educational grant was received by Berlex in
support of the Audience Response System (ARS)
technology in the Maintenance of Certification
(MOC) Review Sessions.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Review the clinical presentation and imaging characteristics of the most common solid neck masses in children.
2) Review the clinical presentation and imaging characteristics of infantile hemangiomas and vascular malformations.
3) Review the clinical presentation and imaging characteristics of the most common cystic neck masses in children.
PRESENTATION SUMMARY
This presentation will review the clinical and imaging characteristics of the most common neck masses in children.
Whether the imaging modality is ultrasound, CT or MR
imaging, the imaging characteristics, in association with the
clinical presentation, frequently can narrow the differential
diagnosis to one or two entities. Key clinical questions
include age at onset, rapidity of growth and presence or
absence of associated constitutional symptoms. Imaging
characteristics usually can determine the nature of the mass
as either solid vs cystic, and the location of the lesion, particularly when cystic is very helpful in differentiating the
various congenital cystic lesions in the neck. Fortunately for
children, the majority of both cystic and solid masses are
benign. The most common cystic masses are congenital,
including thyroglossal duct cyst, lymphatic malformation
and branchial apparatus cysts. The most common solid
masses are inflammatory adenopathy, fibromatosis colli,
infantile hemangioma. and neurofibroma. The most frequently encountered malignant masses in children are lymphoma, rhabdomyosarcoma, neuroblastoma, and rarely
metastatic adenopathy.
REFERENCES
1. Mulliken JB, Glowacki J. Hemangiomas and vascular malformations in infants and children: A classification based on
endothelial characteristics. Plast Reconstr Surg 1982;69:412422
2. Fordham LA, Chung CJ, Donnelly LF. Imaging of congenital
vascular and lymphatic anomalies of the head and neck.
Neuroimaging Clinics North America 10:117-136
3. Koch BL. Cystic malformations of the neck in children.
Pediatr Radiol 2005;35:463-477
4. Benson MT, Dalen K, Mancuso AA. Congenital anomalies of
the branchial apparatus:Embryology and pathologic anatomy. Radiographics 1992;12:943-960
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Pediatric Head & Neck Case Review
— Bernadette L. Koch, MD

Bernadette L. Koch, MD
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Temporal Bone Case Review

Treatment of Dural Arteriovenous Fistula

Joel D. Swartz, MD

Jacques E. Dion, MD

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Summarize a differential diagnosis of the various entities
described.
2) Apply pattern recognition to MR and CT examinations of
the temporal bone.
3) Predict the most likely diagnosis based on specific imaging findings.
4) Evaluate MR and CT images of the temporal bone with an
understanding of the pertinent anatomy.

LEARNING OBJECTIVES
Upon completion of this presentation, participants will be
able to:
1) Identify the classification of cerebral dural arteriovenous
malformations (DAVMs).
2) Describe cerebral DAVM pathophysiology and modes of
clinical presentation.
3) Differentiate benign from aggressive cerebral DAVMs.
4) Describe the endovascular therapeutic principles and
approaches utilized in the treatment of simple and complex
cerebral DAVMs.

PRESENTATION SUMMARY
During this half hour, the speaker will provide several
detailed case reviews utilizing high quality CT and MR
images. There will be an emphasis on normal anatomy especially with respect to commonly misunderstood or little
emphasized structures. Furthermore, the cases provided will
be interrelated in that the speaker will attempt to provide an
effective pattern recognition approach. There will be several
interactive question and answer sessions utilizing the equipment provided for audience participation. Many of these
questions will encourage the audience to choose the best
diagnosis from several pertinent choices. Other questions
will challenge the observers to focus on other crucial teaching points.

PRESENTATION SUMMARY
Dural arteriovenous malformations (DAVMs) can be
amongst the most technically challenging lesions we treat by
embolization. They can be either benign (Borden Type I) or
malignant (Borden Types II and III) in their behavior and
prognosis. It is a well accepted fact that the ideal treatment
(endovascular or surgical) of a DAVM is targeted at obliterating its immediate venous recipient, as long as this recipient
does not participate in venous drainage of normal brain. In
the case of Borden Types II and III lesions, it is imperative
that endovascular therapy be instituted as soon as possible
after diagnosis, given the dismal untreated prognosis (up to
25% stroke-hemorrhage-death/year). Embolization should
be the first line of treatment; when it fails, one should not
hesitate to immediately intervene surgically. The venous
recipient may be reached and treated endovascularly by the
transvenous route (usually coils) or by the transarterial route
(usually liquid embolic material - most commonly NBCA).
Dural arteriovenous malformations are located in the sigmoid/transverse, cavernous, superior petrosal, sagittal and
marginal sinuses, in order of frequency. This presentation
will focus on access to these locations, including: tortuous,
remote venous catheterization, navigation of the unopacified
inferior petrosal sinus, direct puncture through burrhole,
direct puncture of the cavernous sinus using the transorbital
approach via the superior orbital fissure, alternative venous
approaches to the cavernous sinus, surgical exposure of the
superior ophthalmic vein, and techniques of transarterial
NBCA embolization that reach the venous recipient.
Illustrative cases will be shown and discussed. Thanks to
better understanding of this disease and improvement of
embolization materials and techniques, DAVMs have
become almost exclusively an endovascular disease.

Friday Morning
11:45 AM – 12:00 PM
Ballroom 6DE
(74) Therapy for Intracranial Venous
Disease (ASITN)

Friday

Treatment of Dural Sinus Thrombosis
— Cameron G. McDougall, MD
Treatment of Dural Arteriovenous Fistula
— Jacques E. Dion, MD
Moderator:

Jacques E. Dion, MD
TBD

Treatment of Dural Sinus Thrombosis
Cameron G. McDougall, MD
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Friday Morning
10:00 AM – 11:30 AM
Ballroom 6ABCF
(75a) INTERVENTIONAL: New
Vascular Devices or Techniques
(Scientific Papers 335 – 345)
See also Parallel Sessions
(75b) ADULT BRAIN: Neoplasms
(75c) ADULT BRAIN: Vascular - Intracranial
(75d) INTERVENTIONAL: Aneurysms III
Moderators:

Jeffrey Sunshine, MD
Aquilla S. Turk, DO

Paper 335 Starting at 10:00 AM, Ending at 10:08 AM
High-Dose Intraarterial Verapamil as Supplementary
Treatment for Intracranial Vasospasm
Miller, J. W. · Shaibani, A. · Rohani, M. · Arafat, O. S.
Northwestern Medical Center
Chicago, IL

MATERIALS & METHODS
A retrospective review of 20 patients treated with ia
Verapamil for clinical vasospasm, with or without angioplasty was performed. Several clinical parameters: intracranial pressure (ICP), angiographic reports, serial neurologic
exams, blood pressures, transcranial Doppler velocity values
and imaging were assessed. Vascular effects were monitored
by recording changes in ICP and blood pressures during and
immediately after ia administration of Verapamil.
Neurologic consequences were detected by pre and postprocedural neurologic exams, angiographic results, and MR/CT
imaging.

CONCLUSION
Favorable outcomes were demonstrated in the majority of
patients receiving high-dose intraarterial Verapamil for
symptomatic intracranial vasospasm. These outcomes were
appreciated clinically as well as radiographically. No significant adverse effects were seen. There were no considerable
changes in the ICP or blood pressure during or immediately
following treatment. We feel that high dose Verapamil for
SAH-induced vasospasm holds promise and warrants further
investigation.
REFERENCES
1. Feng, et al. AJNR Am J Neuroradiol 2002;23:1284-1290

KEY WORDS: Verapamil, vasospasm, intracranial
Paper 336 Starting at 10:08 AM, Ending at 10:16 AM
Covered Stents for Carotid Cavernous Fistula
Escobar, W. · Gomez, F.
Centro Medico Imbanaco
Cali, COLOMBIA
PURPOSE
Demonstrate that coverd stents are excellent alternative to
treat patients with carotid cavernous fistula (CCF) when balloons fail and in addition permit the preservation of the
artery. Introduction: The treatment of direct CCF using
detachable balloons has been considered as the first choice
method; however, technical difficulties in some cases, such
as, fistula entrance being a small size prevents the balloon
entry, occlusion of the carotid artery with the balloon, sharp
bone fragments which may cause balloon rupture, and in
case of complete disruption of the carotid it can be reconstructed, the covered stents are in these cases an excellent
option of treatment.
MATERIALS & METHODS
A total of 44 CCFs have been treated in the Centro Medico
Imbanaco Angiography Unit from November 1st 1998 until
November 1st 2005; 37 traumatic and seven spontaneous
cases. In 16 patients the treatment was by the traditional
technique, arterial and with balloons. The rest were treated
by the following modalities: transarterial coils in five
patients, one of them with the remodeling technique.
Transvenous coils in three patients, transarterial coils and

Friday

PURPOSE
The current endovascular treatment paradigm for subarachnoid hemorrhage-induced vasospasm includes intraarterial
(IA) administration of vasodilators with or without angioplasty. Multiple vasodilators have been utilized in an attempt
to prevent cerebral ischemia secondary to vasospasm.
Among these, papaverine, nitroglycerine, and several calcium channel blockers have shown potential. To date,
Verapamil, a calcium channel blocker, has resulted in the
greatest safety profile and efficacy. Although intraarterial
Verapamil has been utilized in multiple high volume centers
for vasospasm therapy, no current dose range is available.
The only published study so far used low dose IA Verapamil
(3 mg) (1). In our study, we evaluate the effectiveness and
safety of high-dose intraarterial (ia) Verapamil in vasospasm
treatment.

RESULTS
A range of Verapamil doses were administered to the 20
patients receiving ia therapy for Vasospasm. The average
dose per vessel during therapy was 8- 10 mg, with a per case
average of 22 mgs. All total doses would be considered high,
8-40 mg, when compared to the published literature, 3-5 mg.
Most vasospasm therapy was done adjunctively with balloon
angioplasty. When Verapamil was administered prior to
angioplasty, mild to moderate improvement was noted in the
majority of cases (83%). When Verapamil was followed by
balloon angioplasty, the predominant result was reported as
angiographically excellent (91%). No significant changes in
peripheral blood pressure or intracranial pressure were noted
during or after administration. Clinical improvement was
noted in 70% of patients following therapy. Additionally,
noninvasive imaging demonstrated increased caliber to the
previously spastic/narrowed intracranial vessels.
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histoacryl in four patients, transvenous coils and histoacryl
in eight patients, stent plus coils in two patients and coronary
stent-graft expandable balloons in six patients using triaxial
system with 10F introducer, 7F shuffle and 6F Envoy guide
catheter with 300 centimeters extrasupport choice
microwire. Patients were premedicated with Plavix 75 mg
QD and aspirin 100 mg QD 3 days before the procedure; all
patients went general anesthesia. Clinical follow up was programmed at 1, 3, 6, 12, and 24 months and angiography and
angiotomography follow up was programmed at 3, 6, 12, and
24 months.
RESULTS
The six patients treated by coronary stent-graft expandable
balloons had fistula occlusion without immediate morbidity
or mortality. All patients had 11 months mean clinical and
angiographic follow up (2-30 months). Clinical follow up
was satisfactory in all cases, one patient who suspended
medication had an asymptomatic internal carotid artery
occlusion in angiographic control and one had neointimal
hyperplasia without hemodynamical repercussion.

perature probe (FISO Technologies, Ste. Foy, QC, Canada)
was inserted near the tip of the coil pusher, within the tube.
The coil was attached to a switching DC power supply and
voltage was applied starting from 5V, increasing to 20V. The
power then was cut off. Continuous temperature recording
and fluoroscopic imaging were performed during this
process. The catheter tip then was inspected for detachment
at the tip of the coil pusher.
RESULTS
In 12 different combinations using Onyx or glue, the tip of
the UltraflowTM, Baltacci 18TM, Spinnaker 18TM, and
Fastracker 325TM catheters could be detached successfully
when current was applied to the coil pusher within the
embolic cast. However no detachment was observed when
the tip of the coil pusher was adjacent (outside) the embolic
cast. Bubble formation was noted fluoroscopically in all
cases where detachment occurred. The maximum change in
temperature around the microcatheter, within the plastic
tube, was 14 degrees Celsius at 10 V.

CONCLUSION
1) Endovascular repair with covered stents is a safe and
effective treatment option for carotico cavernous fistulas; 2)
Antiagregant therapy is mandatory; 3) It is necessary to
improve the delivery system for lesions at level the carotid
siphon or tortuous vessels; 4) Intimal hyperplasia with minimal stenosis was found in stent of the covered stents; 5)
Stenosis due to intimal hyperplasia was not hemodynamically significant; 6) The hyperplasia never progressed; 7) No
mortality low morbidity.
KEY WORDS: Covered stents, carotid cavernous fistula
Paper 337 Starting at 10:16 AM, Ending at 10:24 AM
A Novel Method for the Detachment of Microcatheter
Tips in Embolization Procedures: An In Vitro Study
Arat, A.1 · Tasci, O.2 · Cil, B.3 · Atalar, E.4
Baylor College of Medicine, Houston, TX, 2Bilkent
University, Ankara, TURKEY, 3Hacettepe University
Hospitals, Ankara, TURKEY, 4The Johns Hopkins
University, Baltimore, MD

Friday
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PURPOSE
Retention of microcatheters within the arteries has limited
the success of brain AVM embolizations (1). This has
become an important issue in the use of OnyxTM in this setting (2). We tested the application of heat from within the
microcatheters for the detachment of the tip of microcatheters in an in vitro model.
MATERIALS & METHODS
An experimental setup involving a plastic tube (simulating
arteries), microcatheters with nonbraided tip and embolic
agent (Onyx 18 or 50% acrylic glue) was created in a water
bath (Fig 1). The tip of the microcatheter was placed within
the tube and it was used to fill the tube with the embolic
agent. The lumen of the microcatheter then was flushed with
DMSO or D5W for Onyx and glue, respectively. The pusher
of a Micrus-0 coil (with the coil detached) then was
advanced in the microcatheter so that its tip was located
within or just adjacent to the embolic cast. A fiber optic tem-

CONCLUSION
The method we describe enabled detachment of microcatheter tip utilizing commercially available, very reasonably priced equipment. Provided that this method is validated by in vivo studies, it may enable safer and prolonged
embolizations.
REFERENCES
1. N-butyl cyanoacrylate embolization of cerebral arteriovenous malformations: Results of a prospective, randomized,
multicenter trial. AJNR Am J Neuroradiol 2002;23:748-755
2. Summary Minutes of the Meeting of the Neurological Devices
Advisory Panel, Gaithersburg, Maryland, August 5, 2003

KEY WORDS: Embolization, glue, Onyx
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Paper 338 Starting at 10:24 AM, Ending at 10:32 AM
Thermo-Reversible Gelation Polymer as a New Liquid
Embolic Material for Brain AVM Treatment: A
Preliminary Animal Study
Ebara, M.1 · Takao, H.1 · Murayama, Y.1,2 · Kaito, N.1 ·
Saguchi, T.1 · Ishibashi, T.1 · Irie, K.1 · Vinuela, F.2 · Mori, Y.3
· Abe, T.1
1

The Jikei University School of Medicine, Tokyo, JAPAN,
David Geffen School of Medicine and Medical Center,
University of California Los Angeles, Los Angeles, CA,
3
Advanced Research Center for Science and Engineering,
Waseda University, Tokyo, JAPAN
2

PURPOSE
The current liquid embolic materials have some limitations.
NBCA can cause catheter gluing and Onyx has toxicity due
to its solvent DMSO. To overcome these limitations, we
have developed a totally new liquid embolic material: thermo-reversible gelation polymer (TGP). Thermo-reversible
gelation polymer has unique characteristics. It has a sol-gel
transition temperature (TT). It remains liquid state at a temperature lower than the TT and becomes gel state above the
TT. As an embolic material, liquid TGP in low temperature
is injected into the catheter, and it changes to gel with being
warmed by blood in the target artery, then the artery is
occluded with TGP gel. Thermo-reversible gelation polymer
is not only nonadhesive but also solvent and toxicity free.
This is a preliminary animal experimental study to evaluate
the efficacy and the safety of the TGP as a new liquid embolic material.
MATERIALS & METHODS
The swine rete mirabile (RM) was utilized as an AVM
model. Contrast material or tantalum powder was mixed
with TGP for the radiopacity. A microcatheter was placed in
an ascending pharyngeal artery and the tip was wedged to
the RM. The proximal part of the RM was embolized with
TGP injection under DSA. Five RMs of five swine were utilized, two were acute and three were chronic (7, 14, and 21
days). In the acute models, the RM was harvested after the
euthanasia to evaluate the acute tissue reaction histopathologically. In the chronic models, the swine were euthanized
in each term after the follow-up angiogram was obtained,
then the RMs were harvested. Angiographic and histopathologic evaluations were performed.

CONCLUSION
The result of current study shows the possibility of TGP as a
new liquid embolic material. The unique character of TGP
may allow us to embolize AVMs in a safer fashion. However,
this study is preliminary and further research would be necessary to evaluate the long-term durability and safety of
TGP.
KEY WORDS: Liquid embolic material, polymers, arteriovenous malformations
Paper 339 Starting at 10:32 AM, Ending at 10:40 AM
HELPS Trial: Presentation of Blinded Data and an
Update on Progress
White, P. M. · On behalf of the HELPS Trialists
Centre for Interventional Neuroradiology Edinburgh
Edinburgh, UNITED KINGDOM
PURPOSE
To provide new blinded data arising from the randomized
control trial of hydrocoil versus bare platinum in endovascular aneurysm treatment [HELPS] and an update on the
progress of the trial.
MATERIALS & METHODS
HELPS is a multicenter international randomized controlled
trial with concealed allocation. Primary outcome is angiographic outcome in hydrocoil vs bare platinum arms. Groups
are matched using appropriate minimization criteria.
Angiographic analysis is performed by an independent core
lab blinded to the patient allocation (CHUM, Montreal).
Secondary outcomes include independently assessed clinical
outcome [Modified Rankin Score], coil lengths used, packing density achieved, rebleed and retreatment rates. Analysis
of results is on an intention to treat basis. The funders
(Microvention Inc. and UK NHS) and trial sponsor (Lothian
Health on behalf of UK NHS) have no control over the running of the trial and no access to the trial data. HELPS is still
actively recruiting. To date 204 patients have been randomized by 14 centers in six countries. Main inclusion criteria
are: good grade patients, age 18-75 with aneurysm in size
range 2-25 mm, and aneurysm not treated previously.
RESULTS
Current blinded data (data from both arms of trial combined)
are as follows: To date all randomized patients have received

Friday

RESULTS
All the embolization procedure was successful. In the acute
models, neither acute inflammation nor necrosis was detected histopathologically. In the chronic models, no recanalization was angiographically detected in all terms.
Histopathologically, the inflammatory reaction and the
thrombus organization around the TGP were more prominent
as the follow-up period got longer.

Figure. Twenty-one-day follow-up images after the
embolization of the left RM. A, The left ascending pharyngeal artery (arrows) disappears on the way and the RM is not
opacified. B, TGP cast in the left RM.
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treatment as allocated and successful coil embolization has
been achieved in all cases (defined as coils deployed in
aneurysm). Seventy-five percent of patients randomized
have a recently ruptured aneurysm. Overall poor outcome at
3 months (MRS 3-6) is 12.5%. Mortality rate at 3 months is
2%. The limited angiographic follow-up data available so far
indicate an overall major residuum/recurrence rate at 3-6
months of 16.7%. Updated blinded data not presented previously will be provided at the ASNR meeting as well as an
update on trial progress.
CONCLUSION
HELPS is the first randomized control trial examining coated-coil technology for cerebral aneurysm treatment. It will
reach target recruitment of 500 by September 2006. Analysis
of the blinded data available so far indicates that endovascular aneurysm treatment has improved since the benchmark
laid down by the ISAT trial.
KEY WORDS: Aneurysm, hydrocoil, randomized control trial
Paper 340 Starting at 10:40 AM, Ending at 10:48 AM
First Experience with the Catch®: A New Device for
Cerebral Thrombectomy
Chapot, R. · Narata, A. · Macian Montoro, F. · Maubon, A.
Hôpital Universitaire Dupuytren
Limoges, FRANCE
PURPOSE
We report our first experience with the Catch® (Balt,
Montmorency, France). The Catch is a new device intended
for mechanical trombectomy in intracranial vessels.
MATERIALS & METHODS
We used the Catch® in five patients that presented with an
acute stroke related to occlusion of the middle cerebral artery
(n = 2), termination of the internal carotid artery (n = 1) and
basilar artery (n = 2).

Paper 341 Starting at 10:48 AM, Ending at 10:56 AM
3D Digital Subtraction Angiography of Intracranial
Aneurysms: Flat Panel Detector versus Conventional
Image Intensifier TV System: A Vascular Phantom Study
Kakeda, S.1 · Hatakeyama, Y.1 · Ohnari, N.1 · Moriya, J.1 ·
Kamada, K.1 · Oda, N.1 · Nishino, K.2 · Miyamoto, W.2 ·
Korogi, Y.1
1

University of Occupational and Environmental Health
School of Medicine, Kitakyushu-shi, JAPAN, 2Medical
Systems Division, Shimadzu Corporation, Kyoto, JAPAN
PURPOSE
Compared with conventional image intensifier (I.I.)-TV system, an angiography system using the flat panel detector
(FPD) of direct conversion type has several theoretical
advantages such as higher spatial resolution, wide dynamic
range, and square FOV, which allow us to create higher resolution 3D DSA from rotational angiography data. The purpose of this study is to compare the image quality of 3D
DSA between the FPD system and I.I.-TV system by using
an aneurysm phantom.
MATERIALS & METHODS
An anthropomorphic vascular phantom was designed to simulate the various intracranial aneurysms with bleb, and this
vascular phantom consisting of tubes was filled with two
kinds of contrast material concentration (300, 150 mgI/ml).
Two blinded radiologists independently evaluated the VR
images of 3D DSA with FPD system and I.I.-TV system for
the depiction of the simulated aneurysm and aneurysmal
bleb by using a 5-point scale (excellent ~ not visible).
RESULTS
For both 150 and 300 mgI/ml, the FPD system was significantly superior to I.I.-TV system regarding the visibility of
aneurysm and aneurysmal bleb (mean imaging score of
aneurysmal bleb with 300 mgI/ml; 2.60 vs 1.33, P < 0.001).
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RESULTS
Complete thrombus removal was achieved in three patients
within a 15 minute delay, allowing a complete recanalization. Partial thrombus removal was achieved in one patient,
requiring further IA fibrinolysis. Failure of thrombectomy
occurred in one patient with a large thrombus extending in
the vertebro-basilar artery.
CONCLUSION
The Catch® seems to be a promising device in the management of acute stroke.
KEY WORDS: Thrombolysis

CONCLUSION
Our FPD system could create the high-quality 3D DSA
images. The higher spatial resolution of FPD allows superior visualization of aneurysmal blebs compared with I.I..
KEY WORDS: 3D DSA, flat panel detector, intracranial
aneurysm
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Paper 342 Starting at 10:56 AM, Ending at 11:04 AM
“Pseudostenosis” Artifact of 3D DSA: Flat Panel
Detector versus Conventional Image Intensifier TV
System: A Vascular Phantom Study
Kakeda, S.1 · Hatakeyama, Y.1 · Ohnari, N.1 · Moriya, J.1 · Kamada,
K.1 · Oda, N.1 · Nishino, K.2 · Miyamoto, W.2 · Korogi, Y.1
1

University of Occupational and Environmental Health
School of Medicine, Kitakyushu-shi, JAPAN, 2Medical
Systems Division, Shimadzu Corporation, Kyoto, JAPAN
PURPOSE
The pseudostenosis artifact is observed in vessels that are nearly perpendicular to the axis of rotational angiography at 3D
digital angiograms of the intracranial arteries. We hypothesized
that an angiography system using the flat panel detector (FPD)
of direct conversion type allows reduction of the pseudostenosis artifacts, because of its several theoretical advantages such
as higher spatial resolution and wide dynamic range compared
with conventional image intensifier (I.I.) -TV system. The purpose of this study is to compare the effect on image interpretation of the pseudostenosis phenomenon at 3D DSA between
the FPD system and I.I.-TV system by using a phantom.
MATERIALS & METHODS
An anthropomorphic vascular phantom was designed to simulate the various 32 intracranial aneurysms, and this vascular phantom consisting of tubes was filled with two kinds of
contrast material concentration (300, 150 mgI/ml). Two
blinded radiologists independently evaluated the VR images
of 3D DSA for each angiographic system on the basis of the
location and the degree of pseudostenosis artifacts. These
radiologists also evaluated whether the pseudostenosis artifacts affected aneurysm delineation.
RESULTS
The pseudostenosis artifacts were observed in the M1 segments of the middle cerebral arteries for both systems. For
the degree of the pseudostenosis, FPD showed minimal or
moderate stenoses, whereas severe stenoses were observed
at I.I.. The number of aneurysm in which the pseudostenosis
affected aneurysm detection was significantly less for FPD
than for I.I. (8/32:25% vs 14/32:43%, p < 0.05).

Paper 343 Starting at 11:04 AM, Ending at 11:12 AM
Intracranial 3D Time-Resolved Contrast-Enhanced MR
Angiography with Sliding Subtraction
Cashen, T. A. · Hopkins, J. K. · Walker, M. T. · Carr, J. C. ·
Shin, W. · Carroll, T. J.
Northwestern University
Chicago, IL
PURPOSE
Multiphase angiography is necessary for the diagnosis of
neurovascular disorders involving arteriovenous shunts, retrograde flow, and collateral circulation. Physicians typically
employ X-ray DSA to study the dynamic filling of vessels;
however this technique is expensive, time-consuming, and
invasive. A noninvasive technique would be preferable for
screening, diagnosis, and monitoring, yet other modalities
currently cannot achieve adequate signal-to-noise ratio, spatial resolution, and temporal resolution. We present a MRA
technique that could serve as an alternate to X-ray DSA in
certain clinical scenarios.
MATERIALS & METHODS
Images were acquired from eight healthy volunteers on a 1.5
T whole body MR scanner (Avanto, Siemens Medical
Solutions, Erlangen, Germany) with a 18-channel head/neck
coil array. A sagittal 3D multiphase FLASH pulse sequence
was used with a radial k-space trajectory (cylindrical sampling), partial Fourier, and parallel imaging (FOV = 250 x
250 x 75 mm, image matrix = 256 x 256 x 30, spatial resolution = 1.0 x 1.0 x 2.5 mm, true temporal resolution = 3.0
s/frame, TR/TE = 2.7/1.0 ms, flip = 25º, bandwidth = 500
Hz/pixel, angular undersampling factor (views:read-out
points ratio) = 50%, read-out/through-plane partial Fourier
factors = 75%/75%, through-plane GRAPPA acceleration
factor/reference lines = 2/24). The scan covered a single
hemisphere, including the sagittal sinus. A single dose of a
gadolinium-based contrast agent (Magnevist, Berlex,
Wayne, New Jersey) was administered in an antecubital vein
at an injection rate of 4.0 ml/s, starting simultaneously with
the imaging protocol. Images were reconstructed with a sliding window factor of 10 to reduce the apparent temporal resolution to 0.3 s/frame. Then, a “sliding subtraction” was performed in which the subtraction mask for each frame consisted of the frame 3.0 s prior. Finally, maximum intensity
projections were generated.

CONCLUSION
FPD system is affected less by the pseudostenosis artifacts
than I.I.
KEY WORDS: 3D DSA, pseudostenosis artifact, flat panel
detector
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RESULTS
The figure shows two distinct time frames from a typical
acquisition, at the peak arterial phase and a later phase with
venous enhancement.

Friday.qxp

3/9/2006

12:02 PM

Page 246

246
CONCLUSION
We describe a novel MRA technique that mimics X-ray DSA
by providing high-resolution (1.0 mm in-plane), dynamic
(0.3 s/frame) imaging of the cerebral vasculature, suitable
for studying arteriovenous malformations and fistulas, subclavian steal phenomena, and collateral circulation. While
X-ray DSA carries a risk of iatrogenic stroke, this technique
is noninvasive. Additionally, images are 3D by default. The
sliding subtraction technique allows for robust coregistration
with the subtraction mask in the presence of motion,
improved artery-vein separation, and better slab-select profiles of later subtraction masks since edge partitions are closer to steady-state.
KEY WORDS: Angiography, MR imaging
Paper 344 Starting at 11:12 AM, Ending at 11:20 AM
Stenting of Vertebral Origin Disease in High-Risk
Patients Leads to Excellent Long-Term Stroke-Free
Survival and Stent Patency
Pakbaz, R.
Kaiser Hospital
Granite Bay, CA
PURPOSE
Atherosclerotic disease of the vertebrobasilar vessels is a
major source of stroke and is common at the origin of the
vertebral arteries. Hypothesis: Endovascular treatment will
improve stroke-free survival in high risk patients, such as
those with vertebral artery occlusions and high-grade origin
stenosis of the "basilarized" remaining vessel.
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MATERIALS & METHODS
Ten patients with proximal vertebral stents placed between
1999-2004 were identified from a computerized registry of
2723 records. All patients had high-grade origin stenoses,
CVA symptoms and additional factors: 6 contralateral occlusions; 1 progressive stenosis; 1 bilateral carotid occlusion; 1
combined subclavian/vertebral origin disease. Patients were
monitored with periodic ultrasound, angiography, and
aggressively managed for vascular disease risk factors.
RESULTS
(See table.) Patients had: hyperlipidemia 90%; HTN 80%;
tobacco 70%; homocysteine >10 50%; coronary disease
40%; DM 20%. No procedural complications occurred with
stent deployment or angioplasty for stent restenosis.
Angioplasty for restenosis was durable in 2/3 patients. The
third patient had asymptomatic occlusion of the stent. Drugeluting stents (tacrolimus) were used in the last three cases
(restenosis: 0/3 coated vs 3/7 for uncoated; P = 0.08). One
patient died from pharyngeal cancer at 8 mo; a second from
lung cancer at 17 mo.
Age
Clinical follow up
Radiology follow up
Patency
Restenosis
Time of Restenosis
Recurrent CVA

63 y ave
29 mo
22 mo
90%
30%
3, 4, 11 mo
0%

44-80 range
8-70 mo range
3-47 mo range
1 occlusion after restenosis/PTCA
3/7 uncoated; 0/3 tacrolimus coated
Angioplasty, 2/3 with long term patency
0/10

CONCLUSION
In high-risk patients with vertebral origin disease, stenting

demonstrated a low procedural complication rate, a moderate restenosis rate, excellent long-term patency, and excellent long-term stroke-free survival. Placement of drug-eluting stents may reduce in-stent restenosis.
KEY WORDS: Vertebral artery, stent, stenosis
Paper 345 Starting at 11:20 AM, Ending at 11:28 AM
New Design for Angiography Wire Insertion Device
Shortens Use Time: Ex Vivo Testing
Mamourian, A. C. · Elsayed, S.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
We developed a new device that should allow faster wire
insertion during microcatheter procedures. The current technique, which requires loading a fine metal tube from the
back end of the wire to straighten any curve in the
microwire, is time-consuming and provides opportunities to
contaminate the wire.
MATERIALS & METHODS
We developed a prototype of a new wire-insertion device
using a split tubing so that it can be detached from the midportion of the wire. This device has a feature that allows the
curved end of the wire to be straightened without requiring
loading from the back end of the wire. We created a test
model using a 0.35 mm J-wire, a 65 cm Bern catheter
(Boston Scientific, Boston, MA), and a 5 French sheath to
simulate the insertion device used for microwires. Two faculty, one neuroradiology fellow, and two residents were used
as subjects and they were instructed to load the wire into the
new device (straightening the curve), run the wire to the tip
of the catheter then remove the wire and repeat 10 times.
They then used the conventional technique and tool to
straighten the curve and load the wire again 10 times. The
times were compared.
RESULTS
Table I
10X Insertion
Fellow
Resident
Resident
Staff
Staff
Average Time:

New Device
(Time in Min/Secs)
3:07
3:12
3:54
3:25
2:14
3:02

Conventional Device
(Time in Min/Secs)
4:05
6:43
4:28
4:26
5:07
4:81

Performance was improved using this new device.
Subjectively there was much less manipulation necessary
which should improve the likelihood of maintaining the wire
in the sterile field.
CONCLUSION
We demonstrated improved performance in this simulation
with a prototype of a new wire insertion device. This experience supports consideration of new hardware that improves
operator speed, safety, and convenience in the angiography
suite.
KEY WORDS: Angiography, wire insertion
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diation treatment (range 93 - 215) days. The change in tumor
volume was related inversely to CBF; higher lesion CBF was
associated with greater lesion shrinkage after radiosurgery
(Figure 1).

10:00 AM – 11:30 AM
Ballroom 6DE
(75b) ADULT BRAIN: Neoplasms
(Scientific Papers 346 – 359)
See also Parallel Sessions
(75a) INTERVENTIONAL: New Vascular Devices or
Techniques
(75c) ADULT BRAIN: Vascular - Intracranial
(75d) INTERVENTIONAL: Aneurysms III
Moderators:

Wendy Cohen, MD
Eddie Wang, MD

Paper 346 Starting at 10:00 AM, Ending at 10:08 AM
Evaluation of Metastases Postradiation Using MR
Dynamic Susceptibility Perfusion Measurements
Lee, Y. Z. · Smith, J. · Ewend, M. · Morris, D. · Castillo, M.
University of North Carolina at Chapel Hill
Chapel Hill, NC
PURPOSE
The ability to predict the effects of stereotactic radiosurgery
on metastatic lesions in the brain would serve as a useful tool
for therapy evaluation. Dynamic susceptibility contrastbased perfusion imaging has been utilized to characterize
enhancing lesions, and may be useful for assessing the
effects of radiation on metastases. This study focused on the
potential for postradiation measurements of perfusion on
assessment of radiation treatment.

RESULTS
The postradiation scans were obtained on an average of 70
days postradiation treatment (range 37 - 91). Final lesion
volume scans were obtained an average of 175 days postra-

CONCLUSION
These results suggest that higher lesion CBF values soon
after radiosurgery are related to greater decrease in lesion
size on subsequent exams. This study and others in the literature suggest the potential importance of MR-based perfusion imaging on evaluating metastatic lesions postradiosurgery.
KEY WORDS: Perfusion, cancer, radiation
Paper 347 Starting at 10:08 AM, Ending at 10:16 AM
The Utility of Apparent Diffusion Coefficient for
Predicting Response of Nonsmall Cell Lung Cancer
Brain Metastases to Stereotactic Radiosurgery
Goldman, M. · Boxerman, J. L. · Rogg, J. · Noren, G.
Rhode Island Hospital
Providence, RI
PURPOSE
Metastatic brain tumors frequently are treated with stereotactic radiosurgery (SRS) as a sole means for tumor control.
A noninvasive marker of early therapeutic efficacy could be
used to initiate further treatment in the event of impending
treatment failure. Recent studies have shown that brain
tumors with favorable clinical response demonstrate
increased diffusion following effective treatment, and that a
hallmark of tumor recurrence is decreased diffusion. In this
study we evaluated a group of patients with metastatic nonsmall cell lung cancer (NSCLC) treated with SRS to determine if relative apparent diffusion coefficient (rADC) values
and the corresponding changes in tumor volume could predict tumor response.
MATERIALS & METHODS
We retrospectively reviewed all NSCLC metastases treated
with SRS at our institution in 2004 that exceeded 5 mm in
greatest dimension at treatment and had no prior SRS or conventional surgery. Of the 145 total NSCLC metastases treated, 15 (in 11 different patients) fit the inclusion criteria and
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MATERIALS & METHODS
Six patients with eleven known metastatic lesions were
included in the study. All patients had standard MR scans prior
to stereotactic radiosurgery. Postradiation dynamic susceptibility contrast-enhanced perfusion scans were obtained within
3 months posttreatment, followed by anatomical scans within
the next 3 months. Volume was measured on the pretreatment
and follow-up scans based on T1 axial images assuming an
ellipsoid shape: (4π/3 x A x B x C). Cerebral blood flow
images were calculated based on the singular value decomposition technique. Average CBF within the lesion was measured
and normalized against average cerebellum CBF on the
postradiation treatment scan to calculate relative CBF (rCBF).
Relative lesion size change then was compared against lesion
rCBF and statistical analysis performed.

A linear regression was performed, with r value of 0.69 for
the CBF to volume relationship. The slope was statistically
different than zero (p < 0.05).

Friday.qxp

3/9/2006

12:02 PM

Page 248

248
had at least two follow-up MR imaging exams available
electronically (including post-Gd and ADC imaging), permitting rADC trend estimation (ADC at treatment was limited by stereotactic frame placement). Tumor volume was calculated from 3-plane measurement and normalized to baseline. Relative apparent diffusion coefficient values were calculated by measuring ADC in enhancing tumor and normalizing to ADC measured in normal distant white matter.
Tumors with successful therapeutic response (STR) were
defined by their monotonically decreasing volume throughout follow up, with tumor half-life calculated by fit to monoexponential decay. MR spectroscopy and/or biopsy results
were used to classify non-STRs as radiation necrosis or
tumor recurrence.
RESULTS
All 15 tumors (100%) had decreased volume (mean 39% of
treatment volume) at first follow-up exam (39-149 days
posttreatment, mean 56.7 days), and three distinct subsequent imaging patterns were identified during followup.
Group 1, STR (n = 10): monotonically decaying tumor volume, with corresponding gradual monotonically increasing
rADC. The half-life of tumor volume decrease for all STR
lesions ranged from 11 to 92 days (mean 39.1 days). Group
2, radiation necrosis (n = 3): initial tumor volume decay followed by gradual increase, with corresponding biphasic
rADC characterized by initial rapid increase, followed by
more gradual increase or plateau. Group 3, recurrent tumor
(n = 2): initial tumor volume decay followed by volume
increase, with corresponding gradual decrease in rADC.
CONCLUSION
Stereotactic radiosurgery is an effective treatment for brain
metastases of NSCLC. Decreasing tumor volume on initial
posttreatment MR imaging is not a unique feature of STR
lesions, and follow-up rADC patterns appear to be helpful
for predicting the long-term response. Decreasing tumor volume with increasing rADC predicts successful response. For
tumors with increasing volume, decreasing rADC predicts
recurrence whereas increasing rADC predicts radiation
necrosis. A biphasic pattern of increasing rADC with early
rapid rise may precede progression to radiation necrosis.
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KEY WORDS: Brain metastases, apparent diffusion coefficient, stereotactic radiosurgery response
Paper 348 Starting at 10:16 AM, Ending at 10:24 AM
Correlation of Perfusion MR Imaging-Derived rCBV
Measurements and Histopathologic Analysis of Tumor
Tissue from Image-Guided Biopsy in Patients with Newly
Diagnosed Glioblastoma Multiforme
Chang, J. S. · Williams, C. K. · Kornak, J. · McDermott, M.
W. · Berger, M. S. · VandenBerg, S. R. · Cha, S.
University of California San Francisco
San Francisco, CA
PURPOSE
Dynamic susceptibility-weighted contrast-enhanced (DSC)
perfusion MR imaging (pMRI) is a noninvasive imaging tool
to quantify alterations in hemodynamics within brain tumors.
The relative cerebral blood volume (rCBV) derived from DSC
pMRI is widely used as the most robust measure of tumor vas-

cularity, but there has been a critical lack in direct correlation
between rCBV and histologic standards. The purpose of our
study was to analyze histopathologic features of image-guided stereotactic biopsy (IGSB) specimens from patients with
glioblastoma multiforme (GBM) and to correlate the histologic findings with the anatomical and DSC pMRI characteristics
of the site where the biopsy was taken.
MATERIALS & METHODS
Eighteen tumor biopsies were taken from eight patients with
treatment-naïve GBM using IGSB technique. Each biopsy site
was chosen based on anatomical MR imaging features on
postcontrast T1-weighted images. For each patient, at least
two separate biopsies were taken, one from the contrast
enhancement and the other from nonenhancing regions. Using
research software provided by GE (Milwaukee, WI), the maximum and average rCBV and relative cerebral blood flow
(rCBF) within the region of interest (ROI) of the biopsy site
were measured. The pMRI ROI was roughly the same size as
the actual biopsy specimen (less than 2 cubic mm). Each
tumor biopsy specimen was subjected to identical collection
and preservation processes. The histologic analysis of the tissue was performed by a blinded neuropathologist and consisted of routine H&E stains as well as two immunohistochemical stains of MIB-1 (a cellular proliferation marker) and
Factor VIII (marker of microvascular cells). Using H&E and
Factor VIII stains, morphological features of tumor vasculature were assessed based on the following three categories:
glomeruloid angiogenesis (complex microvascular hyperplasia), simple microvascular hyperplasia (increased cellularity
but with definitive lumen), and delicate (normal) vasculature.
When present, each category of tumor vasculature was graded
on a scale of 0 to 2. Using a linear model, the dependence of
the perfusion outcome on the histopathology data was examined to determine any significant relationships between them.
RESULTS
The most significant correlation we observed was between
MIB-1 (proliferation index) and the average tumor rCBV (p
< 0.01). There was also significant correlation between the
simple hyperplasia of tumor vasculature and the average
tumor rCBV (p < 0.04). No significant correlation was seen
between Factor VIII (microvascular density) and tumor
rCBV or rCBF. The tumor rCBV was significantly higher in
areas of contrast enhancement when compared to the nonenhancing region (p < 0.02). No correlation was observed
between glomeruloid angiogenesis and tumor rCBV.
Additionally, rCBF did not have any significant correlations
with our imaging variables.
CONCLUSION
Our preliminary study shows that within image-guided
stereotactic biopsy regions obtained from patients with
newly diagnosed GBM, there is high correlation between
histologic assessment of tumor proliferation (MIB-1 index)
and DSC pMRI-derived tumor rCBV measurement. The
tumor rCBV also correlated significantly with simple vascular hyperplasia rather than glomeruloid angiogenesis or delicate vasculature. The results of our study suggest that tumor
rCBV is highly correlated with areas of viable, proliferating
tumor cells that are supported by patent simple hyperplastic
tumor microvasculature.
KEY WORDS:
histopathology

Perfusion,

glioblastoma

multiforme,

Friday.qxp

3/9/2006

12:02 PM

Page 249

249
Paper 349 Starting at 10:24 AM, Ending at 10:32 AM
MR Imaging Follow Up of Vaccination Therapy with
Dendritic Cells Pulsed with Glioma Extracts in GBMBearing Mice
Bruzzone, M. G.1 · Pellegatta, S.1 · Minati, L.1 · Ghielmetti,
F.1 · Corno, D.1 · Poliani, L.2 · Cusimano, M.1 · Grisoli, M.1 ·
Finocchiaro, G.1
1

Istituto Nazionale Neurologico Besta, Milano, ITALY,
University of Brescia, Brescia, ITALY

CONCLUSION
Dendritic cells vaccination was highly effective in eliciting
an immune reaction against experimental GL261 GBM. MR
imaging provided evidence of the results of this form of
immunotherapy and the data were confirmed by histology.
The results we obtained provide a good background for a
further investigation of the most effective conditions for DC
vaccination in GBM.
KEY WORDS: glioma, MR imaging, dendritic cells

2

PURPOSE
Immunotherapy plays a central role in the search for new
treatments for GBM: in particular, several phase I studies
have been performed using dendritic cells (DC) pulsed by
GBM peptides as a vaccine for patients with relapsing GBM.
As a first step in the preparation of appropriate conditions for
a clinical evaluation in Italy we have performed preclinical
experiments on immune-competent mice injected intracerebrally (ic) with syngeneic GL261GBM cells and treated subcutaneously (sc) with DC loaded with a GL261 homogenate.

RESULTS
Survival rates of vaccinated mice was significantly higher
than that of mice treated with PBS (p < 0.0005), tumor
extract (p = 0.001), unpulsed-DC (p = 0.05). In mice vaccinated with pulsed DC, MR imaging showed no evidence of
tumor, while robust cytotoxicity was demonstrated with
JAM assay, and a significant presence of CD3+/CD8+ cell
infiltrates into the tumor were evaluated histologically in the
same mice.

Pivawer, G. · Pollack, E. · Young, R. J. · Babb, J. · Johnson,
G. · Law, M.
New York University Medical Center
New York, NY
PURPOSE
Dynamic susceptibility contrast perfusion MR imaging
(DSC MRI) of gliomas is analyzed most commonly using
region of interest (ROI) measurements. To compare inter and
intraobserver reproducibility for different techniques of
measuring relative cerebral blood volume (rCBV) perfusion
metrics in patients with cerebral gliomas, using both ROI
and nonROI techniques.
MATERIALS & METHODS
Three independent observers performed rCBV measurements in 86 patients with cerebral gliomas while blinded to
the final histopathologic grade. Each case consisted of the
unprocessed or raw perfusion data and conventional MR
images. Four different methods were compared. Method 1,
rCBVmax, used the highest value obtained from four small
fixed diameter ROIs targeted to the maximal abnormalities
in the tumor. Fourteen metrics were collected for Methods 24 using histogram analysis. Method 2, tumoral rCBVT, used
a single ROI drawn around the maximal tumor diameter on
any single axial slice. Method 3, peritumoral rCBVP, was
defined by a semiautomated dilatation process. Method 4,
total tumoral rCBVTT, measured rCBV using all acquired
perfusion images (7-10 images covering the tumor) without
segmentation of brain tissue. Initial evaluation by all
observers was performed over a 2-week period and the second evaluation was performed 4-8 weeks later. The levels of
reproducibility were determined using the coefficient of
variation (CV) for between readers (CVBR) and within readers (CVWR). Lower CVs indicate higher reproducibility.
RESULTS
A representative case is shown in Figure 1. The lowest CVs
are summarized in Table 1. Method 4 (rCBVTT) was the
most reproducible technique for both CVBR and CVWR,
representing eight of the top 10 and seven of the top 10 metrics, respectively. Method 1 (rCBVmax) was in the bottom
quartile of lowest CVBR (33/43) and CVWR (35/43).
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MATERIALS & METHODS
A group of 40 female C57Bl6 mice has been treated, at different time points, to evaluate the effects of tumor-extractpulsed DC vaccination on the survival with: PBS (group 1; n
= 10); Tumor extracts (group 2; n = 10); unpulsed DCs
(group 3; n = 10); DCs pulsed with tumor extract (group 4;
n = 10). Mice injected with DCs pulsed with tumor extract (n
= 8) or with tumor extracts only (n = 8) also were investigated by MR imaging, JAM assay, and histologic analysis.
The JAM assay was performed by examining the ability of
splenocytes (including CD8+ T cells) to lyse autologous
tumor cells in vitro. MR imaging was performed on a clinical 1.5 T system (Siemens Magnetom Avanto). The body
coil, loaded with a water phantom, was used for transmission
and a quadrature surface coil was used for reception. A custom-designed plastic animal holder was employed. A magnetization-prepared gradient-echo volumetric sequence was
used, with isotropic voxels having 300 um side length; 80
slices were acquired, and TR and TE were respectively set to
940 ms and 7 ms. Eight excitations were performed, and
each acquisition stored separately; the volumes thus
obtained were coregistered with the least-squares method,
using six degrees of freedom (rotation and translation). Such
an approach enabled to maximize spatial resolution and signal-to-noise ratio, while maintaining immunity to motion
artifacts. Total acquisition time was 32 minutes. Turbo spinecho (TSE) slices also were acquired, with isotropic voxels
having 1 mm side length, 50% gap factor, and TR = 390 ms
and TE = 16 ms for T1-weighting, and TR = 4000 ms and TE
= 108 ms for T2-weighting.

Paper 350 Starting at 10:32 AM, Ending at 10:40 AM
Histogram Analysis of Relative Cerebral Blood Volume
Measurements in Cerebral Gliomas: An Interobserver
and Intraobserver Reproducibility Study
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identifying and study date information on images was
replaced by codes. Raters also were blinded to the order in
which the serial studies were performed. Weighted kappa
statistics were used to measure agreement. Preference for
method of interval change evaluation in tumors was scored
(1 = Strong preference for image registration method, 7 =
strong preference for SE T1W method).

Figure 1. The four methods and curves are: (A) rCBVmax
using small ROIs, (B) rCBVT tumoral ROI, (C) rCBVP peritumoral ROI, and (D) rCBVTT nonROI.
Table 1. Best metrics for each method.
CVBR
CVWR

Method 1
(rCBVmax)
40.9
27.3

Method 2
(rCBVT)
SD=22.5
SD=13.4

Method 3
(rCBVP)
A1SD=16.7
A1SD=11.8

Method 4
(rCBVTT)
Mean10=12.3
Mean10=9.0

* SD standard deviation, A1SD Area under 1 SD, Mean10 mean of top 10% values

CONCLUSION
Interobserver and intraobserver reproducibility of rCBV was
good using all four methods. Total tumoral histogram analysis (analysis of all slices covering the entire tumor), a
nonROI technique, achieved the best CV. Further refinement
of nonROI analysis may lead to standardized, automated
techniques for analyzing perfusion MR data.
KEY WORDS: Glioma, perfusion, MR imaging
Paper 351 Starting at 10:40 AM, Ending at 10:48 AM
Interobserver Agreement in Evaluation of Changes in
Brain Tumors Using Image Registration
Barboriak, D. P.1 · Eastwood, J. D.1 · Shah, L. M.1,2 · York, G.
E.1,3 · Paldino, M. J.1 · Provenzale, J. M.1
1

Duke University Medical Center, Durham, NC, 2University
of Virginia Health System, Charlotteville, VA, 3Brooke Army
Medical Center, San Antonio, TX
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PURPOSE
To compare interobserver agreement and radiologist preference for two methods of evaluating changes in brain tumors:
1) serial contrast-enhanced 3D SPGR volumetric MR
images aligned using registration software, and 2) serial contrast-enhanced spin-echo T1-weighted (SE T1W) coronal
and axial images.
MATERIALS & METHODS
Thirty patients with primary glioma (2 Grade I, 7 Grade II,
11 Grade III, 10 Grade IV) were evaluated with serial MR
imaging. Mean interval between studies was 120 days. MR
studies included contiguous contrast-enhanced SE T1W 5
mm axial and 4 mm coronal imaging and contrast-enhanced
IR-prepped 3D SPGR imaging (TR = 9, TE = 1.9, TI = 300,
slice thickness = 1.5 mm, no gap, slices = 84-104). Serial
SPGR volumes were compared using commercially available software (Fusion 1.0.15, GE Medical Systems), which
produces registered multiplanar reformat images in less than
1 minute. Four neuroradiologists independently rated tumors
on registered SPGR images as increased, unchanged, or
decreased. At a separate session, changes in tumors were
rated on SE T1W images. To minimize rater bias, the patient

RESULTS
Interobserver agreement in ratings of tumor change using
registered 3D SPGR images (weighted kappa = 0.45) was
equivalent to agreement using SE T1W images (weighted
kappa = 0.33, p = 0.34). Median preference scores were
strong preference for two readers, moderate preference for
one reader, and mild preference for one reader, indicating
overall at least moderate preference for the image registration method (p < .05, signed rank test).
CONCLUSION
Image registration allows easier comparison of serial thin
section 3D volumetric images. Interobserver agreement on
ratings of tumor change on registered 3D SPGR images was
comparable to that obtained using SE T1W images. There
was moderate preference for using image registration for
evaluating interval change in tumor.
KEY WORDS: Image registration, brain tumors
Paper 352 Starting at 10:48 AM, Ending at 10:56 AM
Internal Structure within Benign Pineal Cysts on HighResoluton MR Imaging: Not a Sign of Tumor
Mamourian, A. C. · Duhaime, A.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
A recent article by Hagashida et al (1) suggested that the
finding of internal structure (e.g., wall thickening on highresolution MR imaging), might allow differentiation of
benign pineal cysts from tumor. We examined this contention by obtaining high resolution MR images in five cases
of large but otherwise typical-appearing pineal cysts, one of
which had multiple follow-up scans.
MATERIALS & METHODS
Using a 1.5 T MR scanner (GE), we obtained heavily T2weighted thin section images, FIESTA (fast imaging
employing steady state acquisition), in five cases. These 3D
data sets were acquired in the sagittal plane and partitioned
to 0.8 mm sagittal slices. All cases had imaging evidence of
typical benign pineal cysts based on their conventional MR
images using T1, T2, and sagittal FLAIR techniques. Four of
these cases were referred to our institution specifically for
opinions regarding the large pineal seen on outside studies.
Two had follow up beyond 1 year. One had multiple scans
over the course of 15 months, in another the cyst had been
followed with MR imaging and also was stable over the
course of nearly 3 years.
RESULTS
The cyst in four out of the five measured between 10 and 13
mm in long dimension. In these four there was evidence of complex internal structure. In two the thin sections revealed multi-
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ple small cysts and the other two had well defined septations
within the pineal cyst. In the one case with a very large cyst,
greater than 20 mm in size, there was evidence of a thin-walled,
single-cavity cyst. Four of the five had contrast-enhanced
images and all showed a thin, peripherally enhancing wall.

patients with GBM and correlate them with time to death
(TTD) for each patient.
MATERIALS & METHODS
Twenty-seven preoperative GBM patients underwent MR
imaging protocol that included axial FLAIR and postgadolinium T1-weighted SPGR images in addition to DSC
pMRI. From anatomical imaging, the regions of contrast
enhancing lesion (CEL) and T2 lesion (T2L) were measured.
Dynamic susceptibility contrast-enhanced pMRI derived
perfusion measurements included peak height (PH) and percent signal intensity recovery derived from the T2* relaxivity signal intensity-time curve, as well as relative cerebral
blood volume (rCBV). These variables were measured within the two distinct anatomical image-defined regions of the
entire tumor -- T2L and CEL.
RESULTS
A linear model ANCOVA analysis revealed a positively correlated relationship between maximum PH within the CEL
region and TTD (p = 0.05) in our 27 GBM patients. The total
T2L volume was found to increase with longer TTD (p =
0.01). Additionally, a positively correlated trend was
observed between PH in the T2L region and TTD (p = 0.07).
There was no significant correlation between TTD and
tumor rCBV within CEL or T2L.

CONCLUSION
Our review of high-resolution FIESTA imaging in five cases
of pineal cysts > 10 mm revealed that in four out of the five
cases there was internal structure within the cyst. Based on
this experience, the presence of internal structure or irregular
walls does not allow differentiation from tumor and in such
cases high-resolution imaging may mislead the radiologist and
surgeon if such imaging is not routine in their practice.
REFERENCES
1. Hayashida Y, et al. Pineal cystic germinoma with synctiotrophoblastic giant cells mimicking MR imaging findings of a
pineal cyst. AJNR Am J Neuroradiol 2004;25:1538-1540

KEY WORDS: Pineal cyst, FIESTA MR imaging
Paper 353 Starting at 10:56 AM, Ending at 11:04 AM
Perfusion MR Imaging of Glioblastoma Multiforme:
Correlation with Survival
Mayo, M. · Antonietti, L. · Kornak, J. · Kivette, V. · Chang,
S. · Cha, S.

PURPOSE
Although patients with glioblastoma multiforme (GBM)
exhibit relatively poor prognosis, there is variability in overall survival beyond those related to age and performance
score. The identification of GBM patients who are likely to
benefit from less or more aggressive therapy is thus clinically important to guide therapy and improve outcomes in
patients with GBM. Dynamic susceptibility contrastenhanced perfusion MR imaging (DSC pMRI) provides
more sophisticated tumor characterization beyond the standard anatomical imaging. The purpose of our study was to
analyze DCS pMRI characteristics of 27 treatment-naïve

CONCLUSION
The preliminary results of our study suggest that there is an
increased survival time for GBM patients with a larger volume of abnormal T2 signal on preoperative MR imaging.
The positive correlation observed in our patient group
between the T2 volume and time to death may suggest that
the extent of the entire T2 abnormality includes a substantial
portion of reactive edema within normal brain. Our analysis
also demonstrated increased survival time for GBM patients
with higher peak height, but not higher rCBV, perfusion
measurements within the contrast-enhancing region of the
tumor. The positive correlation between peak height and
time to death demonstrated in our patient group suggests that
increased vascularity within the contrast-enhancing portion
of the tumor may be a positive predictor of outcome.
KEY WORDS: Perfusion, survival, glioblastoma multiforme
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University of California San Francisco
San Francisco, CA

Figure 1. Patient A: survival = 4 months. Patient B: survival
= 25 months (alive).
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Paper 354 Starting at 11:04 AM, Ending at 11:12 AM
Radiation Necrosis Affirmation by Analysis of Diffuse
Axonal Injury Using Serial MR Imaging
Mironov, A.
Kantonsspital Aarau
Aarau, SWITZERLAND
PURPOSE
To explore the significance of existing diffuse axonal injury
with secondary demyelination (Wallerian degeneration) of
the corticofugal fibers at the level of midbrain on MR imaging, in differentiating radiation injury versus tumor recurrence in patients previously treated for brain neoplasm, who
present with new contrast-enhancing lesions at the site or
vicinity of their primary tumor.
MATERIALS & METHODS
The follow-up MR imaging of a cohort of 20 patients have
been analyzed for a period of 12 years. All patients had been
treated previously with surgery for hemispheric brain mass
and consequently underwent radiation therapy and
chemotherapy. All patients developed radiation necrosis and
underwent serial follow-up MR imaging in different time
sequences (6 to 15 follow up) over a maximum period of 12
years.
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RESULTS
On serial posttreatment imaging studies, development of
intraparenchymal lesions occurred in all patients, ranging
from 5 to 120 months after radiation. They became manifest
as intensive bright peripheral and intrafocal contrast
enhancement, and abnormal T2- weighted signal with
remarkable discrepancy between the extension of the lesions
and the existing nonrelevant mass affect. There was a broadly based bright intensive enhancement with festoon-like or
facet-like configuration. It develops often centrifugal from
the margin of the postsurgery brain damage and involves
both the gyral surface and the subependymal periventricular
space. All cases showed a progressive atrophy of ipsilateral
cerebral peduncle and an abnormal T2-weighted signal,
which developed as a late delayed feature, ranging from 15
to 120 months after the radiation. In the time of surgery, and
respectively the first year after surgery, there were no signs
of distant atrophy or signal abnormalities of the corticofugal
fibers at the level of midbrain. This suggest a secondary neuroaxonal dystrophy, or demyelination secondary to axon
degeneration (Wallerian degeneration), developed late
delayed after the radiation therapy.
CONCLUSION
X-irradiated white matter is more susceptible to partial
demyelination than normal white matter and effects of loss
of endothelial integrity after radiation has its most profound
effect on white matter. The influence of radiation can act on
the natural history of brain tumors by causing different morphologic and metabolic changes over an unlimited interval
after radiation therapy. The secondary diffuse axonal degeneration due to radiation-induced effects can lead to distant
demyelination and atrophy of corticofugal long fibers at the
level of midbrain. In cases with renewed growth of a mass at
the site of previously treated brain tumor associated with
contrast enhancement, and consequently raised issues of
indication for and choices of treatment, the sign of Wallerian

degeneration at the level of midbrain indicate an existing
radiation necrosis.
KEY WORDS: Radiation necrosis, diffuse axonal injury
Paper 355 Starting at 11:12 AM, Ending at 11:20 AM
Comparison of Ferumoxytol, an Iron Oxide Nanoparticle
versus Gadolinium in MR Perfusion Imaging of
Malignant Brain Tumors
Varallyay, C.1 · Manninger, S.1 · Solymosi, D.1 · Matthew, H.
A.1 · Jerosch-Herold, M.1 · Nesbit, G.1 · Hoffman, J.2 ·
Neuwelt, E. A.1
1

Oregon Health & Science University, Portland, OR,
University of Utah School of Medicine, Salt Lake City, UT

2

PURPOSE
The use of various contrast agents in MR imaging is becoming a challenging field of neuroradiology research. Due to its
T1 and T2 relaxation time shortening effect, iron oxide
nanoparticles can be used in MR imaging of malignant brain
tumors, which has maximum enhancement at 24 hours.
Ferumoxytol, a newly developed molecule with a modified
carbohydrate coating allows bolus administration, thus
dynamic studies also are possible. The aim of our preliminary study was to compare MR brain perfusion imaging
using iv bolus ferumoxytol vs gadolinium (Gd).
MATERIALS & METHODS
Twelve patients with malignant brain tumors underwent perfusion MR imaging studies with Gd and at least 24 hours
later with ferumoxytol, in 1.5 T (n = 3) or 3 T (n = 9) scanners. Representative regions of interest (ROIs) were defined
from the tumor and also from the normal brain white matter.
Signal intensity-time curves were analyzed individually.
RESULTS
The perfusion curves and parametric maps were improved
using a 3 T magnet. With Gd the perfusion signal intensitytime curves in tumor ROIs often demonstrated a decreased
slope in the recovery phase, most likely due to early vascular leak. This phenomenon was not found using ferumoxytol.
Similarly leakage also was seen on TOF angiography with
Gd, but not with ferumoxytol.
CONCLUSION
Ferumoxytol is an intravascular contrast agent in the first
minutes after injection. There is minimal early leakage out of
the blood vessels as opposed to gadolinium. This unique feature could be used potentially to assess more accurately
changes in perfusion parameters, which could precede
and/or predict tumor response to therapy.
KEY WORDS: MR perfusion, iron nanoparticles, ferumoxytol
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Paper 356 Starting at 11:20 AM, Ending at 11:25 AM
Unusual Imaging Presentation of an Unusual Tumor:
Chordoid Glioma
Shah, L. M. · Raghavan, P. · Matsamuto, J. · Le, B.
University of Virginia Health Sciences Center
Charlottesville, VA
PURPOSE
Chordoid gliomas are rare tumors that have been described
as typically ovoid, well circumscribed enhancing masses in
the region of the hypothalamus/third ventricle. We present a
case of chordoid glioma with atypical imaging characteristics confounding the prospective imaging differential diagnosis.
MATERIALS & METHODS
This 48-year-old man presented with a 1-year history of progressive vision decline. During a work up for syncope, he
was found to have an abnormal brain CT and MR imaging
and the presumptive diagnosis was a craniopharyngioma of
the squamous papillary subtype. However, the morphologic
and immunophenotype of this tumor was that of a chordoid
glioma of the third ventricle. The patient underwent gross
total resection of the tumor. Histologic sections demonstrated a neoplasm composed of clusters and cords of epitheliod
cells with abundant eosinophilic cytoplasm within a proteinaceous, mucinous stroma characterized by focal scalloping vacuoles and lymphoplasmacytic infiltration. Neoplastic
cells showed intense, diffuse immunoreactivity to antibodies
directed against glial fibrillary acidic protein.
RESULTS
CT demonstrates a large lobulated mass centered in the
suprasellar cistern with central heavy calcification and with
an isodense solid component extending into the right thalamus. There are cystic components at the lateral margins of
the mass. MR imaging demonstrates a heterogeneous lesion
extending superiorly from the suprasellar cistern with multiple peripheral nonenhancing cysts and a heterogeneously
enhancing nodule. The mass splays the cerebral peduncles,
distorts the optic chiasm, and causes right optic nerve edema,
bithalamic edema and mild hydrocephalus.

KEY WORDS: Third ventricular mass, hypothalmic mass
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CONCLUSION
Chordoid gliomas of the third ventricle are low-grade tumors
reported to be typically solid, ovoid, homogeneously
enhancing masses. The heterogeneous, partially calcified,
cystic and solid imaging appearance of the chordoid glioma
in our case is seen rarely and can confound the prospective
imaging differential diagnosis of a hypothalamic/third ventricular mass.
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Paper 357 Starting at 11:25 AM, Ending at 11:30 AM
Extraaxial Plasmacytoma Mimicking Meningioma: Case
Report

CONCLUSION
Craniocerebral plasmacytoma needs to be included in the
differential diagnosis for meningioma and dural metastasis.

Supsupin, E. P. · Shaltoni, H. · Sitton, C. · Hochhauser, L. ·
Cacayorin, E.

KEY WORDS: Solitary craniocerebral plasmacytoma,
extramedullary plasmacytoma, extraaxial plasmacytoma

University of Texas Medical School at Houston
Houston, TX

Paper 358 Starting at 11:30 AM, Ending at 11:35 AM
Pituitary Hemorrhage as a Mimicker of Pituitary
Macroadenoma

PURPOSE
Solitary craniocerebral plasmacytomas arising from the skull
or dura (extraaxial) are extremely rare. Literature search
yielded less than 20 cases. These are not considered to be
part of the spectrum of disseminated disease or extracranial
skeletal myeloma and not associated with intramedullary
plasma cell dyscrasia (Provenzale, et. al). The MR imaging
features of extraaxial plasmacytoma can mimic those of
meningioma. Extraaxial location, dural tail, isointensity to
gray matter on T2-weighted imaging, and diffuse homogenous enhancement on postgadolinium study are observed.
Involvement of adjacent venous structures, such as the vein
of Labbe, could account for peritumoral vasogenic edema.
MATERIALS & METHODS
A 65-year-old female presented with confusion and disorientation. MR imaging revealed an extraaxial mass in the left
temporo-parietal region. MR imaging showed an extra-axial
mass, isointense to gray matter on T2-weighted images,
exhibiting diffuse homogenous enhancement. She underwent craniotomy and excision of the tumor. Intraoperative
findings confirmed a dural-based mass, part of which was
left behind because of dense adherence to the vein of Labbe.
Pathology examination was positive for atypical lymphocytes with lambda light chain proliferation of plasma cells,
consistent with plasmacytoma of the dura. Further work-up
failed to show evidence of disseminated disease. Bone marrow biopsy and aspirate, complete blood count and peripheral blood examination, flow cytometry, test for urine paraproteinuria, and bone scan showed no evidence of multiple
myeloma.
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RESULTS

T2-weighted imaging showing the lesion to be isointense to
gray matter with vasogenic edema of adjacent white matter.

Reczek, J. · Erbay, S.
New England Medical Center
Boston, MA
PURPOSE
To review the imaging characteristics of pituitary hemorrhage and pituitary adenomas on pre and postgadolinium
MR imaging, paying special attention to how pituitary hemorrhage can mimic pituitary adenoma and clues on differentiating the two entities.
MATERIALS & METHODS
MR imaging of the brain was obtained on a patient with a
headache at an outside institution. The MR imaging demonstrated a moderate to large pituitary mass. A focused MR
imaging of the sella, with pre and postgadolinium sequences,
then was obtained to further characterize this lesion. The
diagnosis of a pituitary adenoma was proposed and the
patient was scheduled for surgery. On the day of surgery, a
preoperative scan was performed at our institution for preoperative localization. This scan showed complete resolution
of the mass with no residual. Retrospective review of the
prior studies demonstrated subtle clues that this lesion had
been a pituitary hemorrhage.
RESULTS
We review the imaging characteristics of pituitary adenomas
and hemorrhage on gadolinium-enhanced MR imaging.
These two lesions have overlapping imaging findings: both
are well circumscribed; both may have signal characteristics
similar to pituitary tissue on pregadolinium imaging; both
have low signal relative to the normal pituitary tissue on
postgadolinium imaging; and both exhibit mass effect when
large. Critical distinguishing features include: "fill-in" of
enhancement in a pituitary adenoma on delayed imaging
(recall that pituitary adenomas have delayed enhancement);
careful review of pregadolinium imaging with evaluation of
the matrix of the mass; and clinical presentation -- indolent
onset versus acute symptoms.
CONCLUSION
The MR imaging appearance of a pituitary hemorrhage and
a pituitary adenoma can overlap significantly. We review the
imaging characteristics of both lesions and discuss clues that
can be used to differentiate one from the other. This is obviously an important distinction to make when surgery is being
considered as a therapeutic option for a suspected adenoma.
KEY WORDS: Pituitary, hemorrhage, adenoma

Lesion exhibiting features of meningioma with extraaxial
location, dural tail, and intense homogenous enhancement.
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Paper 359 Starting at 11:35 AM, Ending at 11:40 AM
Intracranial and Intraspinal Smooth-Muscle Tumors in
Patients Infected with Human Immunodeficiency Virus

Friday Morning
10:00 AM – 11:30 AM
Room 5AB

Lertbutsayanukul, P.1 · Kunnatiranont, R.1 · Bhummichitra,
K.1 · Chanplakorn, N.1 · Muengtaweepongsa, S.2 ·
Apiwattanakul, M.1 · Panitphong, T.1 · Veerasarn, K.1 ·
Bhoopat, W.3
1

Prasat Neurological Institute, Bangkok, THAILAND,
Thammasat
University,
Bangkok,
THAILAND,
3
Bumrungrad Hospital, Bangkok, THAILAND

(75c) ADULT BRAIN: Vascular Intracranial
(Scientific Papers 360 – 370)

2

PURPOSE
Since 1993, there has been an increase in thenumber of
reported cases of primary CNS smooth-muscle tumors in
adult patients with human immunodeficiency virus. Most of
these cases were published in neurosurgical and pathologic
but very few in neuroradiologic literature. We would like to
describe MR imaging features of intracranial leiomyosarcoma and spinal epidural leiomyoma in two AIDS patients.
MATERIALS & METHODS
The first case is a 33-year-old man with 1-year intermittent
left orbital pain radiating to the temporal side and diplopia.
MR imaging of the brain revealed a well defined moderately enhancing tumor that had T1-isosignal intensity and T2hyposignal intensity to the gray matter, locating in the left
cavernous sinus with adjacent dural tail. The most likely preoperative diagnosis was meningioma. The tumor was partially resected, and the pathologic finding was consistent
with a low-grade leiomyosarcoma. The patient's pain
reduced after the surgery. The second case is a 38-year-old
man that had right shoulder pain for 4 years with progressive
atrophy and weakness of his right arm for 2 years. There was
a well circumscribed mild-moderately enhancing T1, T2hyposignal epidural mass within the cervical spinal canal
from C6 to C7, causing compression of the cervical cord. It
extended to the right C6-7 and C7-T1 intervertebral foramina with adjacent bony erosion.
RESULTS
Total laminectomy were performed. The mass was removed
totally and pathologically proved as leiomyoma.

KEY WORDS: Smooth-muscle tumor, human immunodeficiency virus, leiomyosarcoma

Moderators:

Srinivasan Mukandan, Jr., MD, PhD
Alexander M. McKinney, MD

Paper 360 Starting at 10:00 AM, Ending at 10:08 AM
Reduced CT and MR Imaging Artifact with a Hybrid
Carbon-Metal Aneurysm Clip: In Vitro Experimental
Findings
Mamourian, A. C.1 · Mahadevan, N.2 · Damavarapu, N. R.2 ·
Marra, S.2
1

Dartmouth-Hitchcock Medical Center, Lebanon, NH,
Dartmouth College, Hanover, NH

2

PURPOSE
Conventional CTA has become an essential tool for evaluation of cerebral aneurysms but cannot yet replace conventional angiography for follow up of patients with aneurysm
clips (1). We tested a new design for an aneurysm clip with
nonmetallic jaws in order to reduce CT artifact. The eventual goal is to develop a clinically useful clip that would allow
improved visualization on CT so that CTA rather than conventional angiography could be used for follow-up imaging.
MATERIALS & METHODS
We built a prototype of a hybrid aneurysm clip using carbon
composite limbs (high modulus carbon tubing) bonded to the
metallic spring of a conventional cobalt alloy aneurysm clip.
This prototype clip was tested against a comparable conventional cobalt alloy clip using a water bath phantom. The
phantom was imaged on a 16-slice multidetector scanner
using our CTA protocol. Dilute contrast in saline was injected into iv tubing to simulate an enhanced blood vessel and
the new clip and conventional clip were placed at different
levels on the tubing. The CT data were reconstructed on an
independent 3D workstation (Vitrea) and displayed as surface-rendered image of the tubing.
RESULTS
The hybrid clip generated much less artifact on the CT scan,
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CONCLUSION
Primary smooth-muscle tumor should be considered when
approaching the extraaxial intracranial mass and epidural
intraspinal mass, which are well circumscribed and have
isosignal or mild hyposignal T1/isosignal or hyposignal T2,
in the immunocompromised patients. And these tumors
could give meningioma-like and nerve sheath tumor-like
appearance.

See also Parallel Sessions
(75a) INTERVENTIONAL: New Vascular Devices or
Techniques
(75b) ADULT BRAIN: Neoplasms
(75d) INTERVENTIONAL: Aneurysms III
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so much so that the tubing contrast-enhanced lumen of the
tube was clearly visible through the legs of the clip. The tubing was obscured by metal streak artifact from the conventional clip.

Figure 1. This projection from the 3D model shows the tubing compressed between the blades of the prototype clip. At
the bottom of the image, the artifact from the conventional
clip obscures the tubing.
CONCLUSION
A composite aneurysm clip shows considerable promise for
artifact reduction. One advantage to this approach is that the
usual surgical tools (i.e., clip appliers) could be used to position the clip and it retains the low profile of a conventional
clip. This is a prototype device and further investigations are
currently under way to determine its mechanical properties
against conventional clips and to find appropriate biocompatible materials.
REFERENCES
1. Sagara Y, et al. Limitations of three-dimensional reconstructed computerized tomography angiography after clip
placement for intracranial aneurysms. J Neurosurg
2005;103: 656-661

KEY WORDS: Aneurysm, CT artifact
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Paper 361 Starting at 10:08 AM, Ending at 10:16 AM
Perfusion Imaging Based on MR Digital Subtraction
Angiography Using Parallel Imaging
Tsuchiya, K. · Imai, M. · Tateishi, H. · Honya, K. · Nakajima,
M. · Nitatori, T.
Kyorin University
Tokyo, JAPAN
PURPOSE
MR digital subtraction angiography (DSA) visualizes vessels employing a rapid T1-weighted sequence in combination with a bolus injection of gadolinium. MR DSA with 3D
data acquisition has achieved good temporal resolution by
using parallel imaging. We report our preliminary results of
applying MR DSA data to generating perfusion images.

MATERIALS & METHODS
On a 1.5 T imager, we used a 3D fast field-echo sequence
using parallel imaging (TR/TE/NEX = 3.1/0.9/1, flip angle =
20 deg, matrix = 128 x 256, field of view = 26 x 28 cm,
reduction factor = 2) with intravenous injection of 7 ml of
gadolinium at a rate of 3 ml/sec. We also employed an efficient way of k-space filling by fractionalizing it to six segments, which resulted in a three-fold acquisition time. From
MR DSA images, we first generated serial delta R2* images
on a pixel-by-pixel basis. We then placed a region of interest
on the delta R2* images to make a time-intensity curve.
After deciding a starting time and an ending time of data
analysis judging from the time-intensity curve, we processed
the delta R2* images to create maps of mean transit time
(MTT) and regional cerebral blood flow (rCBF) using perfusion imaging software incorporated in the MR imager. This
method was applied to 11 patients with acute (two patients)
or chronic (nine patients) ischemia of the middle cerebral
artery (MCA) or internal carotid artery. We visually assessed
obtained perfusion maps comparing findings of MR DSA.
Comparison with SPECT study was additionally done in
four patients.
RESULTS
Temporal resolution achieved by this MR DSA was 0.8
sec/frame. It took less than 10 minutes to generate the perfusion maps. In each patient, we could obtain MTT and rCBF
maps. In four patients, elongation of MTT in the MCA territory was depicted corresponding to findings of MR DSA. In
two of the four patients whose maps were compared with
SPECT images, hypoperfusion on SPECT was depicted as
an area of MTT elongation.
CONCLUSION
Perfusion maps can be generated easily from data of MR
DSA using parallel imaging. Such semiquantitative data
could add information regarding changes in perfusion to that
obtained by MD DSA.
KEY WORDS: MR DSA, perfusion, parallel imaging
Paper 362 Starting at 10:16 AM, Ending at 10:24 AM
Contrast-Enhanced 4D Subtraction MR Angiography in
the Evaluation of Central Nervous System Neoplasms at
3T
Krings, T.1 · Hans, F. J.1 · Bunke, J.2 · Kirchin, M.3 · Thron, A.
K.1
1

University Hospital Aachen, Aachen, GERMANY, 2Philips
Medical Systems, Hamburg, GERMANY, 3Bracco SpA,
Milan, ITALY

PURPOSE
We propose a time-resolved contrast-enhanced 3D MR
angiography that enables subtraction angiographies with
high temporal and spatial resolution, as clinical routine. This
technique might prove helpful not only for the evaluation of
AV malformations but also for the presurgical evaluation of
tumors. Concerning angiography for tumor evaluation, the
salient features discernible on contrast-enhanced 3D MR
angiography should include: displacement of normal vessels,
localization of bridging veins, vascularization of the tumor,
and depiction of tumor feeders.

Friday.qxp

3/9/2006

12:02 PM

Page 257

257
MATERIALS & METHODS
A total of 15 patients with meningiomas underwent 3D
dynamic contrast-enhanced MR subtraction angiography at a
3 T Philips Achieva system combining the keyhole technique
with contrast-enhanced timing robust angiography (CENTRA) profile ordering and parallel imaging (SENSE).
Contrast-enhanced timing robust angiography is an optimized low high profile order subdividing ky-kz-space in a
central and a peripheral sector. Data acquisition is started in
the central sector outside the exact center of k-space using a
random profile order. A standard low-high scheme is applied
in the peripheral sector. Using this approach it was possible
to speed up the temporal resolution to 2.1 sec/3D volume
while registering 160 slices with a submillimeter isotropic
voxelsize, resulting in a true 3D volume block. A dose of 20
ml gadobenate dimeglumine (Multihance; Bracco Altana,
Germany) was injected at a flow rate of 3 ml/sec. The
acquired images were evaluated in terms of the differentiation into early arterial, late arterial, and venous phases, the
detection of normal vessels and tumor feeders, the localization of bridging veins, and the depiction of tumor vascularization.
RESULTS
Excellent separation of early and late arterial phases, capillary phases, and early and late venous phases was possible in
all patients. The localization and displacement of cerebral
arteries and the extent of tumor vascularization was similarly well defined, as was the anatomy of the venous system
including the tributaries to the large sinuses. Moreover,
depiction of the tumor feeding vessels was possible in all
cases.

Figure: Early arterial and venous phases of a patient with a
convexity meningeoma

KEY WORDS: Dynamic 3D MR angiography, brain tumors

Essig, M. · Giesel, F. · Bock, M.
German Cancer Research Center
Heidelberg, GERMANY
PURPOSE
To noninvasively assess the hemodynamic characteristics of
patients with cerebral arteriovenous malformations (AVMs).
The blood flow in brain-supplying arteries and the intranidal
shunt time of the malformation were determined by phasecontrast MR flow measurements and dynamic tagging MR
angiography (dMRA).
MATERIALS & METHODS
In an ongoing prospective protocol we examined so far 85
patients with angiographically proven AVMs. Out of the PC
flow measurement the mean flow, velocity, and the shape of
the flow profiles were calculated and compared with radiologic and clinical features of the malformations. The dMRA
sequence is based on the spin labeling sequence (STAR) in
which a bolus of blood upstream of the AVM is tagged by an
inversion pulse and imaged downstream at different time
intervals after tagging (Figure 1). For hemodynamic information the time between the arterial feeders and the draining
veins was estimated as the AVM shunt time.
RESULTS
Patients with AVMs present with significant higher flow values and a lateraliz ation of the flow towards the ipsilateral
brain supplying vessels. The mean flow of the ipsilateral
internal carotid arteries was 480 ml/min compared to 395
ml/min in the contralateral side (p < 0.05). With increasing
size of the malformation the flow differences increased.
Patients with clinical steel syndromes presented with higher
flow differences. A correlation between flow differences and
the location of the malformation could not be observed.
Feeding arteries, AVM nidus, and draining veins were
detected easily on the tagging angiograms (Figure 1: 10 tagging MRA of a patient with frontal AVM at 100 ms to 1000
ms after tagging -- one can easily appreciate the hemodynamics of the AVM and the different vessel components).
Smaller AVMs generally showed shorter shunt times; however, a short shunt time was associated with a higher risk of
bleeding, independent of the AVM size.
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CONCLUSION
Time-resolved contrast-enhanced 3D MR angiography is
helpful for characterizing the degree of vascularization of
brain tumors. This might help in selecting those patients
amenable for preoperative embolization and in further facilitating the differential diagnosis of intracranial neoplasms.
The high spatial resolution allows for demonstration of the
major feeding arteries, which will help in reducing the number of conventional angiographies carried out for tumor evaluation.

Paper 363 Starting at 10:24 AM, Ending at 10:32 AM
Cerebral Arteriovenous Malformation: Hemodynamic
Characterization by Dynamic Tagging MR Angiography
and PC Flow Measurements
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CONCLUSION
Phase contrast 2D MR flow measurements and dynamic tagging MRA proved to be helpful diagnostic tools in the
assessment of hemodynamic changes in patients with cerebral AVMs. Flow values correlated with the morphologic
and clinical features of the malformation and may be helpful
in the follow up of therapy. In dMRA, a shorter shunt time
was associated with a higher risk of intracerebral bleeding
independent of the malformation size.
KEY WORDS: Arteriovenous malformation, hemodynamics,
dynamic MR angiography

(p < 0.05) increase in CNR for all vessels after ceMRA with
Gd-BOPTA compared with Gd-DTPA. The CNR values for
Gd-BOPTA and Gd-DTPA were 148.9 ± 21.8, 120.8 ± 22.8,
respectively in the ICA, 106.8 ± 17.8 and. 84.3 ± 21.2,
respectively in the MCA, and 117.6 ± 19.9 and 91.49 ±
21.45, respectively in the BA.
CONCLUSION
Contrast-enhanced MRA of the supraaortic vessels at 3 T is
significantly improved in terms of image quality and CNR
with the use of high relaxivity CM such as Gd-BOPTA.
KEY WORDS: MR angiography, contrast agent, 3 T

Paper 364 Starting at 10:32 AM, Ending at 10:40 AM
Intraindividual
Comparison
of
Gd-BOPTA
(Multihance®) and Gd-DTPA (Magnevist®) in ContrastEnhanced MR Angiography of the Supraaortal Vessels at
3T
Bueltmann, E.1 · Erb, G.2 · Klose, U.1 · Ernemann, U.1 ·
Naegele, T.1
1

Radiologic Clinic, Tuebingen, GERMANY, 2Bracco Altana
Pharma GmbH, Konstanz, GERMANY
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PURPOSE
Improved contrast-to-noise ratio (CNR) on contrastenhanced MR angiography (ceMRA) is achievable at 3 T
compared to lower field strengths because the T1-shortening
effect of gadolinium contrast media (CM) is greater. The aim
of this study was to determine whether a CM with higher
relaxivity (Gd-BOPTA) can improve the image quality of
ceMRA of supraaortic vessels at 3 T compared to a CM with
standard relaxivity (Gd-DTPA).
MATERIALS & METHODS
Twelve healthy male volunteers aged 18-40 years underwent
two ceMRA examinations of the supraaortic vessels at 3 T
(Magnetom TIM Trio, Siemens, Erlangen), one with GdBOPTA (Multihance) and the other with Gd-DTPA
(Magnevist). The two CM were administered in randomized
order at an equivalent dose of 0.1 mmol/kg bodyweight and
a flow rate of 2 ml/sec. The minimum interval between
exams was 72 hours. The following scan parameters were
used: TR = 3.69 ms, TE = 1.21 ms, FOV 160 x 320 mm, spatial resolution 0.8 x 0.6 x 1 mm3. Qualitative evaluation of
image quality was based on blinded intraindividual matchedpairs assessment of reconstructed maximum intensity projections (MIP). The following vessel segments were evaluated in terms of preference for one CM or the other, or equality: internal carotid artery (ICA), anterior cerebral artery
(ACA), middle cerebral artery (MCA), posterior cerebral
artery (PCA), basilar artery (BA), and vertebral artery (VA).
An additional assessment of quantitative CNR was performed based on signal intensity measurements in each of
the above vessels.
RESULTS
Blinded matched-pairs assessment of image quality revealed
preference for Gd-BOPTA in 10/12 patients for the extracranial vessels and in 11/12 patients for the intracranial vessels
and circle of Willis. The overall preference for ceMRA with
Gd-BOPTA was significant (p < 0.05) for all evaluated vessel segments. Quantitative evaluation revealed a significant

Paper 365 Starting at 10:40 AM, Ending at 10:48 AM
Comparison of CT Angiography to Digital Subtraction
Angiography in Evaluating Etiology of Nontraumatic,
Nonsubarachnoid Intracranial Hemorrhage
Ahmad, T. · Aviv, R. · Fox, A. J. · Symons, S. P.
Sunnybrook & Women's College Health Sciences Centre,
University of Toronto
Toronto, ON, CANADA
PURPOSE
Our hypothesis is that CT angiography (CTA) can be effective to evaluate cause of intracranial bleeding. Digital subtraction angiography (DSA) has been used traditionally to
evaluate nonsubarachnoid intracerebral hemorrhages in
order to determine whether there is an underlying vascular
malformation. This procedure is expensive, time-consuming,
and uncomfortable for the patient, and has well documented
risks. CT angiography now is commonly used and has been
shown to be accurate in determining the cause of subarachnoid hemorrhage. Its value in assessing other intracranial
hemorrhage is not well known. We compared the accuracy of
CTA to DSA in determining the cause of nonsubarachnoid
hemorrhage in 38 patients.
MATERIALS & METHODS
A total of 239 patients had both cerebral CTA and DSA
between 2001 and 2005 at our center. Out of these, a total of
38 patients fulfilled the inclusion criteria. All of the CTAs
were performed on a 4 or 64 detectors CT (General Electric,
Lightspeed, Milwaukee, WI). Multiplanar and 3D reformations were performed. All hemorrhages also were assessed
by traditional DSA (Philips Integris 3000). Two blinded
reviewers independently evaluated the CTAs and DSAs in
separate sessions. The reviewers categorized the CTA and
DSA results as: 1) AVM, 2) AVF, 3) cavernous malformation, 4) tumor, 5) aneurysm, 6) DVA, 7) negative/unknown.
RESULTS
CT angiography and DSA demonstrated concordant results
in 33 of 38 cases, or 87%. CT angiography was falsely negative in 2 cases where DSA demonstrated an AVM and AVF.
CT angiography was falsely positive in 2 cases where an
AVM was suspected but the DSA was negative. Digital subtraction angiography was falsely positive in one case where
an AVM was suspected but CTA demonstrated an oligodendroglioma. The sensitivity and specificity of CTA in comparison to DSA was favorable. Interobserver variability was
good.
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CONCLUSION
CT angiography performed on a MDCT is nearly as accurate
as DSA in determining the cause of nontraumatic, nonsubarachnoid hemorrhage.
KEY WORDS: Hemorrhage, CT angiography, digital subtraction angiography
Paper 366 Starting at 10:48 AM, Ending at 10:56 AM
Evaluation of Nontraumatic Subarachnoid Hemorrhage:
CT Angiography versus Digital Subtraction
Angiography
Wang, L. C. · Colen, T. · Cohen, W. · Hollingworth, W. ·
Ghodke, B. · Anzai, Y.
University of Washington
Seattle, WA
PURPOSE
Although CT angiography (CTA) is replacing digital subtraction angiography (DSA) as the imaging modality for
detection of cerebral aneurysms at some institutions, DSA is
performed routinely at our institution, in part due to neurosurgeon preference and for better assessment of vascular
anatomy. The purpose of this study is to evaluate the diagnostic accuracy of CTA in detection of cerebral aneurysms
for patients with nontraumatic subarachnoid hemorrhage
(SAH).
MATERIALS & METHODS
We evaluated the effectiveness of multislice CT in 260 consecutive patients undergoing evaluation for nontraumatic
SAH with both CTA and DSA in a high-volume neuroradiology practice over a one-year period. Diagnostic performance of CTA was assessed using DSA as the gold standard by
retrospective review of radiology reports. Analysis was performed per aneurysm, stratified by size and location, and per
patient. Correlation with treatment and patient outcomes also
was performed.

KEY WORDS: Intracranial aneurysm, subarachnoid hemorrhage, CT angiography
Paper 367 Starting at 10:56 AM, Ending at 11:04 AM
Pitfalls of Cerebral CT Angiography: Anterior
Communicating Artery Aneurysms May Be Missed
Bardo, D. M. E.
University of Chicago
Chicago, IL
PURPOSE
Over a 24-month period, 123 patients with acute, nontraumatic subarachnoid hemorrhage, diagnosed with either
nonenhanced brain CT the presence of xanthochromic cerebral spinal fluid underwent CT angiography (CTA) of the
cerebral circulation.
MATERIALS & METHODS
Examinations were performed using 16, 40, or 64 detector
channel CT scanners. Using spiral technique, 0.67-0.80 mm
axial images of the brain were obtained with pitch 0.5, ma
314, kV 120, and 25 cm FOV. Seventy cc nonionic iv contrast was administered at a rate of 3 cc/sec, using a standard
delay between injection and scan start of 20 seconds. Slab
and curved MIP and 3-dimensional reconstructed images
were produced using a Brilliance workspace (Philips
Medical, Cleveland, OH). Fifty-seven patients proceeded to
undergo digital subtraction angiography (DSA). Images
were interpreted by four experienced neuroradiologists.
RESULTS
Aneurysms were not detected in 30 patients. In 3 patients,
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RESULTS
Aneurysms were detected in 158 of 260 patients. In total,
CTA detected 181 aneurysms versus 211 aneurysms detected by DSA. Of the 36 aneurysms that CTA failed to detect,
27 aneurysms were < 3 mm in size (75%); eight were in the
4-6 mm range (22%), and one was in the 7-10 mm range
(3%). Of the 36 CTA misses, 13 were in the MCA (36%), 11
in the ICA (31%), five in the PCA (14%), three in the PCom
(8%), and four (11%) in other distributions. Overall sensitivity for aneurysm detection by CTA was 82.9% (CI 77.287.8%) and specificity was 94.4% (CI 88.3-97.9%). There
were six false positives by CTA, resulting in a total of 42 discordant aneurysms in 29 patients. Twenty of these 29 (69%)
patients had correct identification of the aneurysm that
underwent treatment, indicating that the aneurysms missed
by CTA were incidental aneurysms in patients with multiple
aneurysms. CT angiography failed to detect solitary
aneurysms, all < 4 mm in size, in seven patients, four of
whom underwent treatment based on DSA findings. Patientbased analysis showed CTA had a sensitivity of 95.5% (CI
91.0-98.2%) and specificity of 98.1% (CI 93.2-99.8%).

CONCLUSION
The sensitivity of CTA for aneurysm detection in a high-volume neuroradiology practice is less than that reported in the
literature. However, the majority of missed aneurysms are <
3 mm in size and unruptured, incidental aneurysms in
patients with multiple aneurysms. Given the natural history
of aneurysms, these incidental aneurysms can be viewed as
having minor clinical consequence, and likely would be
detected in posttreatment or follow-up DSA examinations.
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although CTA was normal, aneurysm was diagnosed with
DSA; these aneurysms measured less than 2 mm. Two were
located at the anterior communicating artery and the pericallosal artery. Eight CTA examinations were interpreted as
nondiagnostic secondary to motion artifact, poor arterial
opacification, large volume of subarachnoid hemorrhage,
and parenchymal hemorrhage, venous contamination and
atherosclerotic disease.
All DSA were diagnostic quality.
CONCLUSION
Diagnosis of tiny aneurysms of the circle of Willis may be
confounded by imaging artifacts, unpredictable hemodynamics, the presence of hematoma and atherosclerotic disease. Digital subtraction angiography continues to be a valuable diagnostic examination particularly for anterior communicating artery aneurysms. Diagnostic signs such as the
"mother-in-law" sign used for aneurysm detection in DSA
remains a valuable diagnostic tool.
KEY WORDS: CTA, Acom aneurysm
Paper 368 Starting at 11:04 AM, Ending at 11:12 AM
Sensitivity of Multidetector CT Angiography for the
Detection of Intracranial Aneurysms
Lane, B. F. · Zoarski, G. H. · Husain, M. A. · Stallmeyer, M.
J. B.
University of Maryland Medical Center
Baltimore, MD

Friday

PURPOSE
To assess the sensitivity of multidetector CT angiography
(MD CTA) for the detection of aneurysms of the intracranial
arterial circulation.
MATERIALS & METHODS
The reports of catheter angiograms and of MD CTA of all
patients who underwent imaging for the diagnosis of acute
SAH or suspected intracranial aneurysm were reviewed over
a period from March 2002 to September 2004. Only patients
who underwent MD CTA and catheter angiography for the
above indications, without intervening surgery or endovascular intervention, were included in the study. Multidetector
CTA was performed on a Philips Mx8000 IDT 16-slice CT
scanner. Multidetector CTA was acquired following a bolus
of 100-150 cc of nonionic iodinated intravenous contrast
injected at a rate of 4 cc/sec, using a prescan delay of 15-25
seconds. Images were acquired with 0.75 mm x 16 collimation, with a pitch of either 0.3 or 0.5, and rotation speed of
0.75 sec. Images were analyzed on a Philips Brilliance workstation capable of generating 3D as well as MPR images.
Catheter angiograms were performed on a Toshiba CAS1000 biplane unit with 9-inch image intensifiers. Studies
were determined to be concordant if MD CTA identified all
aneurysms demonstrated by catheter angiography, or if no
aneurysms were demonstrated on both studies. In this retrospective, IRB-approved study, all imaging and patient data
were obtained per medical necessity and the routine standard
of care at our institution.
RESULTS
One hundred thirty-four patients met the inclusion criteria,
with the interval between MD CTA and catheter angiography

ranging from 0 to 241 days (mean = 8.0 days; median = 0
days; mode = 0 days with 87/134 cases performed within 24
hours). Multidetector CTA was of acceptable diagnostic
quality for interpretation in all cases. In 36 patients, both
studies were negative for intracranial aneurysms. A total of
135 intracranial aneurysms were demonstrated by catheter
angiography in the remaining 98 patients. The MD CTA
findings were concordant with catheter angiography in 80 of
these 98 patients with a total of 106 aneurysms. Findings
were discordant in 18 patients with a total of 29 aneurysms:
16 aneurysms were detected by MD CTA; however, 13 were
not. Therefore, of 135 aneurysms demonstrated by catheter
angiography, 122 also were demonstrated by MD CTA. The
13 aneurysms that were missed by MD CTA were located as
follows: seven supraclinoid carotid, two cavernous carotid,
one paraophthalmic carotid, one middle cerebral artery
bifurcation, one anterior communicating artery segment, and
one PICA.
CONCLUSION
The sensitivity of 16-slice MD CTA for the detection of
intracranial aneurysms is inferior to that of traditional
catheter angiography. Nearly 10% of aneurysms identified
by catheter angiography were missed by MD CTA; most
were located on the internal carotid artery adjacent to anterior clinoid. While faster CT scanners with 64-slice (and
greater) technology may help to improve image quality and
sensitivity, our findings also suggest that improved bone
subtraction algorithms may be important to help identify
aneurysms near the skull base, anterior clinoid, and cavernous sinus.
KEY WORDS: Aneurysm, CT angiography, angiography
Paper 369 Starting at 11:12 AM, Ending at 11:20 AM
Efficacy of Multidetector CT Angiography for Detection
of Intracranial Vasospasm Following Subarachnoid
Hemorrhage
Stallmeyer, M. J. B. · Lane, B. · Husain, M. · Zoarski, G. H.
· Obuchowski, A.
University of Maryland School of Medicine
Baltimore, MD
PURPOSE
To assess the sensitivity of 16-slice multidetector CT angiography (MD CTA) for the detection of intracranial vasospasm
following aneurysmal subarachnoid hemorrhage (SAH).
MATERIALS & METHODS
The reports of catheter angiograms and of circle of Willis
MD CTA of all patients with aneurysmal SAH who underwent imaging for suspected vasospasm were reviewed over
a period from March 2002 to September 2004. All patients
having both exams within 5 days of each other were included. Multidetector CTA was performed on a Philips Mx8000
16 slice CT scanner. Images were acquired following a bolus
of 150 cc of nonionic contrast at 4 cc/second, using a prescan
delay of 10-20 seconds, 0.75 mm x 16 collimation, rotation
speed of 0.75 sec, and pitch of either 0.3 or 0.5. Axial and
MPR images were evaluated on AGFA PACS. MPR and 3D
images were analyzed on a Philips Brilliance workstation.
Catheter angiograms were performed on a Toshiba CAS1000 biplane unit with 9-inch image intensifiers. Studies
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were determined to be concordant only if MD CTA correctly identified all areas of vascular narrowing seen at angiography. In this retrospective, IRB-approved study, all imaging
and patient data already were obtained per medical necessity and routine standard of care.
RESULTS
Twenty patients with suspected vasospasm met the inclusion
criteria, with the interval between MD CTA and catheter
angiography ranging from 4 to 126 hours (mean 25 hours,
median 9 hours). Catheter angiography demonstrated varying degrees of vasospasm in 19 of 20 cases. When MD CTA
and angiography were performed within 24 hours of each
other (n = 14), results were concordant for the severity and
distribution of spasm in 10 cases. Spasm was diagnosed correctly on two other studies, but slight differences in distribution or severity of findings within the arterial tree were
described. In the remaining two cases, interpretation was
limited by technical factors such as poor contrast opacification and streak artifact from an aneurysm clip. No studies
were frankly discordant. When MD CTA and catheter
angiography were performed more than 24 hours apart (n =
6), concordance was seen in only two cases. Slight differences in reported spasm distribution were described in two
cases, and findings were frankly discordant in two cases.
CONCLUSION
When MD CTA is of good technical quality, and the exam is
performed within 24 hours of catheter angiography, sensitivity for detection of the true severity and distribution of spasm
is 83%, and specificity is 100%. As the time duration
between MD CTA and angiography increases, the correlation is less reliable. Timely cerebral MD CTA can be a reliable, minimally invasive method of assessment for
vasospasm caused by aneurysmal subarachnoid hemorrhage.
KEY WORDS: Vasospasm, CT angiography, subarachnoid
hemorrhage
Paper 370 Starting at 11:20 AM, Ending at 11:25 AM
CT Angiography Findings in a Case of CADASIL
Hughes, M. A. · Choksi, V. R.
University of Michigan
Ann Arbor, MI

MATERIALS & METHODS
A 42-year-old male with past medical history of depression,
hypertension, juvenile rheumatoid arthritis, and remote alcohol use initially presented with a 2-year history of progressive cognitive decline. The patient deteriorated rapidly. His
family history was notable for similar early-onset dementia
in four maternal relatives (all descendants of the patient’s
maternal great aunt). Given the clinical symptoms and family history, CADASIL was considered one of the possible etiologies. The diagnosis was confirmed with skin biopsy. Four

RESULTS
Noncontrast head CT demonstrated extensive subcortical
and periventricular white matter low attenuation areas along
with severe global volume loss. A 2 cm focus of acute hemorrhage in the right middle cerebellar peduncle also was
present. CT angiogram of the head demonstrated multiple
short segments of irregularity and narrowing involving the
mid basilar artery, bilateral A2 segments of the anterior cerebral arteries, the P2 segment of the left posterior cerebral
artery, and a superficial sylvian branch of the left middle
cerebral artery.
CONCLUSION
Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy is a hereditary arteriopathy of small and medium-sized arteries. Microangiopathic
hemorrhages are a known finding in these patients, while
larger parenchymal hemorrhages as seen in this patient
remain case reportable. Conventional catheter angiograms
are typically unremarkable in these patients, although there
are reported cases of small vessel narrowing. While the
cause of the short segment narrowing in multiple mediumsized vessels in our patient cannot be known with certainty,
we hypothesize that these findings are secondary to patient’s
biopsy proven CADASIL. Further research into the CTA
findings in CADASIL certainly is warranted.
KEY WORDS: CADASIL, CT angiogram
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PURPOSE
A patient presenting with accelerated progressive dementia
was biopsy proven to have cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL). Our case not only demonstrated the presence of a spontaneous intracranial hemorrhage but also vascular changes detected by CT angiography (CTA).

years after the initial diagnosis, the patient was noted to have
decreased eye movements and facial asymmetry by his caregivers. A noncontrast head CT scan performed at that time
revealed an acute right middle cerebellar peduncle hemorrhage. Additional imaging performed also included a CTA of
the circle of Willis.
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Paper 371 Starting at 10:00 AM, Ending at 10:08 AM
Stability of Coil Occlusion: Angiographic Follow-Up
Results in 1673 out of 2740 Intracranial Aneurysms
Henkes, H.1 · Fischer, S.2 · Weber, W.2 · Miloslavski, E.3 ·
Reinartz, J.3 · Kuehne, D.2
1

Alfried Krupp Krankenhaus, Robert Janker Klinik, Essen,
Bonn, GERMANY, 2Alfried Krupp Krankenhaus, Essen,
GERMANY, 3Robert Janker Klinik, Bonn, GERMANY
PURPOSE
To evaluate the mid- and long-term stability of intracranial
aneurysm occlusion after endovascular coil treatment.
MATERIALS & METHODS
Between 11/1992 and 10/2005 coil treatment was performed
in 2740 aneurysms and angiographic follow up was obtained
in 1673 (61%). Retrospective analysis of aneurysm occlusion was done for first and subsequent treatment sessions.
RESULTS
The initial OR at the time of first treatment was > 90%
(subtotal or total occlusion) in 89% of the aneurysms.
Angiographic follow up at 14 months (median) showed
total/subtotal occlusion in 74% of the aneurysms. The recoiling (n = 482) resulted in total/subtotal occlusion in 80%
which was found at 14 months in only 46%. From initial
treatment to follow up, OR was unchanged in 62%,
improved in 11%, and impaired in 27%. In 22% of these coil
compaction was the mechanism. Among various materials
used the combination of nylon-fibered coils and Neuroform
stents provided the best protection against aneurysm recanalization.

compared the images of 3D reconstructed MRA and 3D
DSA on the 3D workstation. The purpose of this study is to
examine efficacy of 3D reconstructed TOF MRA as a useful
follow-up method of the embolized aneurysms.
MATERIALS & METHODS
Endosaccular embolization of cerebral aneurysms was performed in 120 patients from March 2003 to October 2005.
Among them, both 3D reconstructed MRA and DSA were
performed in 40 patients 1 year after the embolization of the
cerebral aneurysms. We compared the 3D reconstructed
images between 3D TOF MRA and 3D DSA.
RESULTS
There was a close correlation about the postoperative findings between the images between 3D TOF MRA and 3D
DSA that were performed 1 year after the embolization of
the cerebral aneurysms. Recanalization was seen on both 3D
TOF MRA and 3D DSA in 10 patients. Three-dimensional
reconstructed TOF MRA was less invasive and very sensitive for a detection of recanalization. Three-dimensional
reconstructed TOF MRA was very useful for a follow up of
the embolized aneurysms and it gave us almost similar
images as those of 3D DSA. In some cases, partial defects of
vascular images were seen on 3D MRA images that were
caused by an artifact of embolized coils. Those findings were
never seen on 3D DSA images. Those were thought to be a
limitation of a diagnosis using 3D TOF MRA.

CONCLUSION
Aneurysm recanalization remains a concern, requires angiographic follow up and eventual retreatment.
KEY WORDS: Aneurysm, coil, recurrence
Paper 372 Starting at 10:08 AM, Ending at 10:16 AM
Efficacy of 3D Reconstructed TOF MR Angiography as a
Follow Up of the Embolized Cerebral Aneurysms ~ in
Comparison with 3D Digital Subtraction Angiography of
1-Year Follow Up

Friday

Saguchi, T. · Murayama, Y. · Ishibashi, T. · Ebara, M. · Irie,
K. · Takao, H. · Abe, T.
Jikei University School of Medicine
Tokyo, JAPAN
PURPOSE
A follow up of the embolized cerebral aneurysm is indispensable for a diagnosis of recanalization. Recently, a technology of making 3D reconstructed images using a 3D workstation has progressed very much. A quality of the 3D reconstructed time-of-flight (TOF) MR angiography (MRA)
image has become almost the same as that of the 3D digital
subtraction angiography (DSA). From the beginning of
February 2004, we have performed 3D reconstructed TOF
MRA as a follow up of the embolized cerebral aneurysms.
One year after embolization, 3D DSA was performed and we

CONCLUSION
The findings of 3D images between 3D TOF MRA and 3D
DSA that were reconstructed on the 3D workstation were
correlated closely 1 year after embolization of cerebral
aneurysms. Three-dimensional reconstructed TOF MRA was
very useful for a less invasive method of a diagnosis of a
recanalization of the embolized aneurysms.
KEY WORDS: 3D TOF MR angiography, aneurysm, follow
up
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Paper 373 Starting at 10:16 AM, Ending at 10:24 AM
A Comparison of Percent Packing Volumes after
Embolization of a Cerebral Aneurysm Model with
Various Manufacturers’ Coils

Paper 374 Starting at 10:24 AM, Ending at 10:32 AM
Endovascular Coiling of Unruptured Aneurysms: Does
the Risk of Endovascular Treatment Outweigh the
Natural History?

Hanley, M. · Evans, A.

Benes, V.1 · Molyneux, A. J.2 · Renowden, S. A.2 · Mitchell,
P.3

University of Virginia
Charlottesville, VA
PURPOSE
The purpose of this study was to compare various manufacturers’ embolization coils in achieving maximum percent
packing volume in an in vitro cerebral aneurysm model.
MATERIALS & METHODS
A single silicone phantom was chosen to represent a typical
cerebral aneurysm measuring approximately 0.7 cm in diameter and spherical in shape. The neck of the aneurysm measured approximately 0.55 cm. The phantom was created using
a wax mold of an angiographic image by MicroVention, Inc.
(Aliso Viejo, CA). The volume of the phantom was measured by weighing the amount of water required to fill the
aneurysm to the parent artery (0.139 mL ± 0.003). The phantom was connected to a pulsatile flow pump running at 60
bpm with a cardiac output of approximately 60 mL per
minute and a stroke volume of 1 mL. Phosphate buffered
saline was circulated to simulate a physiologic pH of 7.4. A
7 mm/18 cm MicroPlex 10 Complex 1D Coil
(MicroVention, Inc. (Aliso Viejo, CA) was used as the framing coil for each of three experiments. The three manufacturers included MicroVention, Inc. (Aliso Viejo, CA),
Boston Scientific Target (Natick, MA) and Cordis Johnson
& Johnson (Miami Lakes, FL). During each experiment,
embolization coils were selected as they would be during
routine clinical practice to achieve maximum packing. The
total length and percent packing volumes were not calculated until all three experiments were complete. The volume of
the coils was calculated as cylinders using V = [π (diameter)2(length)]/4. The percent packing volume was calculated
by dividing the coil volume by the measured volume.
RESULTS
MicroVention Inc
7mm/18cm Microplex 10 Complex 1D

Total Length: 74cm
% Packing Volume: 27%

Total Length: 74cm
% Packing Volume: 27%

Cordis Johnson & Johnson
7mm/18cm Microplex 10 Complex 1D
5mm/15cm TruFill Complex Fill
4mm/7cm TruFill Mini Complex Fill
4mm/7cm TruFill Mini Complex Fill
3mm/4cm TruFill Mini Complex Fill
3mm/4cm TruFill Mini Complex Fill
3mm/4cm TruFill Mini Complex Fill
3mm/3cm TruFill Mini Complex Fill
2mm/2cm TruFill Mini Complex Fill
2mm/2cm TruFill Mini Complex Fill
2mm/2cm TruFill Mini Complex Fill
2mm/1.5cm TruFill Mini Complex Fill
2mm/1.5cm TruFill Mini Complex Fill
Total Length: 71cm
% Packing Volume: 26%

CONCLUSION
No significant difference was found in the percent packing
volumes between the above combination of coils from
MicroVention, Inc., Boston Scientific Target or Cordis
Johnson and Johnson.
KEY WORDS: Aneurysm, embolization, percent packing

PURPOSE
ISUIA (1) reports a very low risk of rupture from small (< 7
mm) anterior circulation aneurysms and the risk of treatment
may outweigh the natural history. If an RCT of coiling compared with natural history is performed, the conclusion will
not be known for many years. Meanwhile, we must rely on
published data and data from our own institutions to counsel
patients. We report the risks of coiling unruptured aneurysms
at our institution.
MATERIALS & METHODS
Over a 9.75-year period (December 1996 to September
2005), 152 unruptured aneurysms in 132 patients, aged 2- 82
years, mean 51 years, were coiled and entered into a
prospectively collected database.
RESULTS
Seventy-nine unruptured aneurysms were found in 68
patients who had bled from another aneurysm; 23 aneurysms
presented with mass effect and 50 were incidental. Locations:
anterior communicating 14; anterior cerebral 3; pericallosal
5; peri-ophthalmic 30; middle cerebral 34; terminal carotid
10; posterior communicating 36; superior hypophyseal 1;
basilar 10; posterior cerebral 3; AICA 1; PICA 4; vertebral 1.
One hundred seventeen aneurysms (77%) were small (< 10
mm) and 71 (47%) had a small neck, and 46 (30%) a wide
neck (> 4 mm). Thirty aneurysms (20%) were large (> 10
mm) and 5 had a small neck (3%), and 25 (17%) a wide neck.
Five (3%) were giant. One hundred forty-three procedures
were carried out. Thirty-seven (24%) unruptured aneurysms
were treated along with the ruptured aneurysm. Technical
success resulted in 146 (96%). There was one fatal aneurysmal rupture and 10 thromboembolic events (7 %). Three were
clinically silent and 5, transient. One suffered a permanent
hemiparesis and is moderately disabled. One is mildly dysphasic. The combined procedure-related permanent morbidity and mortality per aneurysm is 2%. Coiling achieved complete obliteration in 93/146 aneurysms (64%), a small neck
remnant remained in 44 (30%) and there was subtotal occlusion in 9 (6%). Follow-up angiography was obtained in 105
patients with 119 aneurysms with a mean follow up of 17.5
months (range 0.2-67 months). Eight patients died before follow up (only one procedure-related). Deaths related to subarachnoid haemorrhage in 3, rupture of an untreated
aneurysm (1) and respiratory problems (4). Four refused (3
are well and one, moderately disabled). Seven follow ups are
due. Two are not planned for follow up because of aneurysm
morphology and age. Sixty-six percent are completely
occluded, 25% have a small neck remnant and 11 aneurysms
(9%) were subtotally occluded. None have bled. Mass effect
completely resolved in 8 (36%) and was significantly
improved in 10 (46%). One deteriorated.
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6mm/8cm Microplex 10 Hypersoft Helical
5mm/8cm Microplex 10 Hypersoft Helical
4mm/6cm Microplex 10 Hypersoft Helical
4mm/6cm Microplex 10 Hypersoft Helical
3mm/4cm Microplex 10 Hypersoft Helical
3mm/4cm Microplex 10 Hypersoft Helical
3mm/4cm Microplex 10 Hypersoft Helical
3mm/4cm Microplex 10 Hypersoft Helical
2mm/4cm Microplex 10 Hypersoft Helical
2mm/4cm Microplex 10 Hypersoft Helical
2mm/4cm Microplex 10 Hypersoft Helical

Boston Scientific Target
7mm/18cm Microplex 10
Complex 1D
5mm/15cm GDC 10 - 2D
4mm/8cm GDC 10 Ultrasoft
4mm/8cm GDC 10 Ultrasoft
3mm/8cm GDC 10 Ultrasoft
2mm/4cm GDC 10 Ultrasoft
2mm/3cm GDC 10 Ultrasoft
2mm/2cm GDC 10 Ultrasoft
2mm/2cm GDC 10 Ultrasoft
2mm/2cm GDC 10 Ultrasoft
2mm/2cm GDC 10 Ultrasoft
2mm/2cm GDC 10 Ultrasoft

1
Frenchay Hospital and Regional Hospital, Bristol and
Liberec (Czech Republic), UNITED KINGDOM, 2Frenchay
Hospital, Bristol, UNITED KINGDOM, 3Newcastle General
Hospital, Newcastle, UNITED KINGDOM
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CONCLUSION
In this small prospective series, coil embolization of unruptured aneurysms is associated with a small risk of death and
disability -- less than in ISUIA (1). Risk-benefit analysis for
individual institutions in treating incidental aneurysms
should be incorporated into a modified life expectancy
analysis (2) but a grey area will exist for some and these
could be enrolled into a RCT.

KEY WORDS: Cerebral aneurysm, anterior communicating
artery, flow-dynamics
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Paper 375 Starting at 10:32 AM, Ending at 10:40 AM
Patient-Specific Computational Fluid Dynamics
Modeling of Anterior Communicating Artery
Aneurysms: A Study of the Sensitivity of
Intraaneurysmal Flow Patterns to Flow Conditions in
the Carotid Arteries
1,2

3

3

Putman, C. M. · Castro, M. · Cebral, J. R.
1

Inova Fairfax Hospital, Falls Church, VA, 2George
Washington University School of Medicine, Washington,
DC, 3George Mason University, Fairfax, VA

PURPOSE
The purpose of this study is to investigate the effects of
unequal physiologic flow conditions in the internal carotid
arteries on the intraaneurysmal hemodynamics of anterior
communicating artery aneurysms.

Friday

internal carotid arteries can significantly affect the complexity and stability of the intraaneurysm hemodynamic force
distributions. The relative importance of these effects may be
related to the geometry of the aneurysm and the feeding vessels. Conditions affecting the flow characteristics in the parent arteries of cerebral aneurysms with more than one
avenue of inflow should be incorporated into flow models.

MATERIALS & METHODS
Patient-specific vascular computational fluid dynamics models of two cerebral aneurysms were constructed from bilateral 3D rotational angiography images. The flow dynamics
and hemodynamic forces on the aneurysm sac were analyzed
under a range of physiologic flow conditions including the
effects of unequal mean flows, phase shifts, and different
waveform shapes between the left and right internal carotid
arteries. A total of nine simulations were performed for each
patient, cine flow velocity simulations, and unsteady wall
shear stress (WSS) maps were created for each of the nine
flow conditions. Time-dependent curves of average WSS
magnitude over selected regions on the aneurysms were constructed and used to analyze the influence of the inflow conditions.
RESULTS
Mean flow unbalances in the feeding vessels tend to shift the
regions of elevated WSS (flow impingement region) towards
the dominating inflow jet and to change the magnitude of the
WSS peaks. However, the overall qualitative appearance of
the WSS distribution and velocity simulations is not affected
substantially. In contrast, phase differences and different
waveform shapes increase the temporal complexity of the
hemodynamic patterns that tend to destabilize the intraaneurysmal flow pattern.
CONCLUSION
Differences in the relative phase and waveform shape in

Paper 376 Starting at 10:40 AM, Ending at 10:48 AM
Longitudinal Growth of Unruptured Aneurysm and
Modifications of Blood Flow Biomechanics: In Vitro
Study Using CT Angiography Database
Tateshima, S.1 · Omura, H.2 · Tanishita, K.2 · Villablanca, P.1
· Vinuela, F.1
1

University of California Los Angeles Medical Center, Los
Angeles, CA, 2Keio University School of Engineering,
Yokohama, JAPAN
PURPOSE
To analyze blood flow hemodynamic changes related to
growth observed in an incidental aneurysm.
MATERIALS & METHODS
An unruptured aneurysm showing anatomical growth on follow-up CTA was selected from the UCLA CTA database on
brain aneurysms. The aneurysm had a small bleb that
showed enlargement in 1-year CTA follow-up. In vitro
aneurysm models were created based on CTA performed
before and after aneurysm bleb enlargement. A detailed
analysis on blood flow velocity and wall shear stress were
performed in multiple points in the aneurysm dome and bleb
using Laser Doppler Velocimetry and Particle Imaging
Velocimetry.
RESULTS
No substantial differences on the blood flow characteristics
were depicted before and after aneurysm bleb enlargement.
There was no significant flow impingement on the aneurysm
bleb. The wall shear stress was higher at the edges of the
bleb, but it was relatively low in the bleb.

CONCLUSION
Impinging force induced by blood flow may not be the driving force of aneurysm growth. Role of wall shear stress on
aneurysm growth remains uncertain.
KEY WORDS: Aneurysm, biofluid mechanics, longitudinal
data base
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Paper 377 Starting at 10:48 AM, Ending at 10:56 AM
New 3D Motion Compensation Method for 3D Digital
Subtraction Angiography Images

Paper 378 Starting at 10:56 AM, Ending at 11:04 AM
Noninvasive Measurement of Intraaneurysmal Pressure
Using MR Phase-Contrast Vastly Undersampled
Isotropic Projection Imaging in Canine Aneurysm Model

Oishi, S.
Toshiba Medical Systems Corp.
Otawara, JAPAN

Moftakhar, R. · Aagaard-Kienitz, B. · Johnson, K. ·
Niemann, D. B. · Turk, A. S. · Consigny, D. · Turski, P. A. ·
Mistretta, C. A.

PURPOSE
The patients often feel a burning pain as the contrast media
fills the cerebral arteries. This pain sometimes causes a
reflex action and the patients move, even though they are trying to stay still. The 3D digital subtraction angiography
(DSA) is a tool of routine use for evaluation of the cerebral
vasculatures, especially in cerebral aneurysm cases. But the
patient motion caused by the reflex action degrades 3D DSA
images severely. We have developed new automatic 3D
compensation method for the 3D DSA images.

University of Wisconsin Hospital and Clinics
Madison, WI

MATERIALS & METHODS
The method is composed of four steps. Step 1 is 3D reconstruction from a series of contrast images. The nonuniformity of brightness inherent to the imaging chain is compensated
by subtracting a flood image from each contrast image. The
flood image is acquired without any objects. A 3D contrast
image is reconstructed from compensated contrast images by
using Feldkamp method. Step 2 is 3D reconstruction from a
series of mask images. A 3D mask image is reconstructed
similarly by using completely same reconstruction parameters. Step 3 eliminates higher density area on the 3D contrast
images to suppress mismatching caused by contrast media.
Step 4 is 3D motion compensation between the 3D contrast
and mask images. The motion is compensated by minimizing
square errors of the modified 3D contrast and transformed 3D
mask images, where the higher density area is excluded from
the calculations. Shift and rotation are considered as the
motion in transformations. But bottom halves of 3D contrast
and mask images are used to focus on skull base which is
dominant region of motion artifacts.
RESULTS
The method was applied to both phantom data and patient
data. Uncorrected clinical 3D images show that motion artifacts are highly visible as shown in Fig. (a), especially on
regions adjacent to osseous structures such as the skull base.
Fig. (b) shows those artifacts were dramatically removed
with the method.

KEY WORDS: 3D Digital subtraction angiography, motion
artifacts, motion compensation

MATERIALS & METHODS
Two canines with surgically created bifurcation aneurysms
thus far have been included in this study. Seven additional
canines are in the study phase. A microcatheter was used to
measure arterial pressures in the parent vessel, aneurysm
neck and five areas in the aneurysm sac. Each pressure measurement at every position was repeated three times.
Subsequently, a novel 3D MR phase-contrast pulse sequence
(PC VIPR) was used to encode flow velocity within the parent artery, aneurysm neck, and sac. The velocity encoding
was designed to allow calculation of pressure gradients from
the velocity data on a pixel by pixel basis (Fig 1). The velocity and pressure gradient maps then are coregistered with the
anatomical images.
RESULTS
In the two canines fully studied the PC VIPR pressure gradient measurements in the parent vessel relative to the
aneurysm demonstrated the same trend as compared with
direct invasive pressure measurements. In the first canine,
both techniques demonstrated an increase in pressure from
the parent vessel to the aneurysm sac, which was highest at
the aneurysm dome. However, there was a difference in the
pressure gradient measurements between the PC VIPR and
invasive measurements. In the second canine, techniques
were refined and the PC VIPR pressure gradients and invasive pressure measurements closely correlated in fiveout of
six regions in the aneurysm. The mean difference between
the PC VIPR and invasive pressure measurements was 0.7
(0.03 to 1.7) in the five areas.
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CONCLUSION
The method significantly removes the motion artifacts
caused by the burning pain in the 3D DSA, and may contribute to suppress a risk of reacquisition in the cases.

PURPOSE
Currently, aneurysm size, morphology, and location are evaluated as possible predictors of rupture. However, more reliable predictors for which aneurysms are at risk of rupture are
needed. Noninvasive dynamic physiologic measurements,
such as intraaneurysmal pressure and flow, could add to our
understanding of which aneurysms are at higher risk of rupture. Using a novel MR imaging sequence, phase-contrast
vastly undersampled isotropic projection imaging (PC
VIPR), we have obtained correlative intraaneurysmal pressure measurements in the canine bifurcation aneurysm
model.
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DSA in identifying residual aneurysm lumen (P = 0.09), vessel segments (P = 0.15), or untreated aneurysms (P = 0.19 ).
Digital subtraction angiography tended to outperform CTA for
identification of aneurysm recurrence when greater than three
intracranial devices, or endovascular coils were present, but
this was not statistically significant. CT angiography tended to
outperform DSA in identifying untreated aneurysms and vascular segments but also was not statistically different.
CONCLUSION
CT angiography is a useful technique for following previously treated intracranial aneurysms particularly when fewer
than three intracranial devices are present.
KEY WORDS: CT angiography, aneurysm, clip

CONCLUSION
PC VIPR, a novel MR sequence, has shown promise in noninvasively measuring arterial pressure gradients in cerebral
aneurysms as well the parent artery. Our goal is to develop
more reliable predictors of aneurysm rupture based on noninvasive pressure and flow measurements. Results on seven
more canines are underway and will be presented at the ASNR.

Paper 380 Starting at 11:12 AM, Ending at 11:20 AM
Rabbit Aneurysm Wall RNA Expression Resembles the
RNA Expression in Human Intracranial Aneurysms: A
Study Using Gene Chip Microarrays
Mangrum, W. I.1 · Farassati, F.2 · Kadirvel, R.3 · Kolbert, C.3
· Sreekumar, R.3 · Grill, D.3 · Khurana, V.3 · Kallmes, D.3
1

KEY WORDS: Aneurysm, PC VIPR, MR imaging
Paper 379 Starting at 11:04 AM, Ending at 11:12 AM
Multidetector Helical CT Angiography of Previously
Treated Intracranial Aneurysms: A Retrospective
Comparison to Digital Subtraction Angiography
Alberico, R. A.1 · Abdel-Halim, A.1 · Soehnlein, S.2 ·
Sabatino, M.2
1

Roswell Park Cancer Institute, Buffalo, NY, 2State
University of New York at Buffalo School of Medicine,
Buffalo, NY

Friday

PURPOSE
To compare CT angiography (CTA) with digital subtraction
angiography (DSA) in patients with previously treated
intracranial aneurysms.
MATERIALS & METHODS
Thirty-three patients, ages between 34 and 74 years, were
evaluated with DSA and CTA after surgical treatment of
intracranial aneurysms. CT angiograms were scanned with
1.25 mm collimation and four active detectors in high quality
mode with a 0.3 mm reconstruction interval. Scans began 18
seconds after initiating a 120 cc injection of nonionic contrast
(320 mg/dl iodine) at a rate of 3 cc/sec. Reconstructions were
done using HDMIP and volume rendering algorithms. All
patients had DSA using Seldinger technique performed by an
experienced endovascular surgeon. All studies were scored
retrospectively in a blinded manner for image quality, residual
aneurysm filling, vessel segment identification, and untreated
aneurysms by consensus of two neuroradiologists.
RESULTS
Forty-one treated aneurysms and 28 untreated aneurysms
were identified on CTA within 6 months of the DSA. Five
hundred and sixty-two vessel segments were compared. There
were no statistically significant differences between CTA and

Iowa Methodist Medical Center, Des Moines, IA,
University of Minnesota, Minneapolis, MN, 3Mayo Clinic,
Rochester, MN

2

PURPOSE
Our knowledge of the molecular characteristics of intracranial aneurysms is still in its infancy. Human molecular studies are limited by the difficulty to both obtain tissue and to
perform controlled experiments. Consequently, an animal
model that mimics the molecular milieu of intracranial
aneurysms would be a valuable tool. In this study we use
rabbit gene chip microarrays to delineate the molecular characteristics of saccular aneurysms in the rabbit elastase
aneurysm model.
MATERIALS & METHODS
A microarray of rabbit genes of interest was constructed
using rabbit nucleotide sequences from GenBank. Elastaseinduced saccular aneurysms were created at the origin of the
right common carotid artery. Twelve weeks after aneurysm
creation, RNA was isolated from the aneurysm as well as the
contralateral common carotid artery and used for microarray
experiments. Differential RNA expression was verified by
RT-PCR in six of six genes tested.
RESULTS
Ninety-six of the 209 genes in the microarray were expressed
differentially in the rabbit aneurysm when compared to the
contralateral common carotid artery. The expression of these
genes is similar to that of human intracranial aneurysms.
CONCLUSION
Results from this study confirm the hypothesis that gene
expression in the rabbit model mimics gene expression in
human intracranial aneurysms. This study opens the door for
future studies that use the rabbit model and the new rabbit
gene chip microarray to study the molecular biology of
intracranial aneurysms.
KEY WORDS: Intracranial aneurysm, microarray, RNA
expression
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Paper 381 Starting at 11:20 AM, Ending at 11:28 AM
Low Contrast-Enhanced Angiographic CT: Value for
Intracranial Stenting in the Treatment of Intracranial
Wide-Neck Aneurysms
Benndorf, G.1 · Morsi, H.1,2 · Mawad, M. E.1,2

Paper 382 Starting at 11:28 AM, Ending at 11:36 AM
A Multifactor Analysis of Angiographic Recurrence of
Cerebral Aneurysms Treated with Platinum Coils
Piotin, M. · Spelle, L. · Mounayer, C. · Salles-Rezende, M. T.
· Giansante-Abud, D. · Vanzin, R. J. · Moret, J.

1

Baylor College of Medicine, Houston, TX, 2St. Lukes
Episcopal Hospital, Houston, TX

Fondation Rothschild
Paris, FRANCE

PURPOSE
The use of self-expandable Nitinol stents plays an increasing
role in the management of intracranial wide-neck
aneurysms. However, their poor visualization on routine digital subtraction angiography (DSA) and digital radiography
(DR) compromises their safe and efficient use in parent
artery reconstruction. The purpose of this study is the evaluation of low contrast-enhanced angiographic CT (ACT) during intracranial stenting.

PURPOSE
Using 3D rotational angiography (3D RA) to prospectively
assess the volume of cerebral aneurysms, the purpose of our
study was to verify the relation between aneurysm volume,
packing percentage, duration of angiographic follow up,
presence of aneurysm rupture, immediate angiographic
result, presence of single versus multiple aneurysms,
aneurysm anatomical location and angiographic recurrence
in cerebral aneurysms treated selectively with bare platinum
coils.

MATERIALS & METHODS
Seven patients underwent placement of the following selfexpandable stents: 3 Neuroform2 (NF2) stents™, 3
Neuroform2 Treo stent™ (Boston Scientific) and 1
Enterprise® (Cordis). Angiographic CTs were obtained using
a flat detector (FD) angiographic system (Axiom Artis dBA,
Siemens Medical, Erlangen) using the following technique:
20 seconds acquisition, 538 projections, 0.4° increment, 512
x 512 matrix, 220° total rotational angle. Contrast injection
was performed using the following protocol: 15% of iodine
(Omnipaque 300), total volume 25 ml, rate of 1 ml/sec.
Image postprocessing was performed using volume rendering (VR) and multiplanar reconstructions (MPRs) on a commercially available workstation (LeonardoX, Dyna-CT).
RESULTS
Visualization of structural stent details using ACT was superior compared to DSA and DR in all cases. Strut prolapsing
into the aneurysm neck and asymmetric deployment could
be documented in four cases when using the open cell design
stents (NF2, Treo). Low contrast application during ACT
provided sufficient information for visualizing the intracranial vasculature and the aneurysmal necks. It enabled accurate visualization of the stent in relationship to the adjacent
vascular structure. Bulging of stent struts into the aneurysms
neck was identifiable more clearly than compared to noncontrast ACT. In multilobulated aneurysms, it also displays
the relationship of the various lobes of the aneurysm to the
stent deployed in the parent artery.

KEY WORDS: Angiographic CT (ACT), aneurysm,
Neuroform stent

RESULTS
Mean volume of the 255 aneurysms was 152 mm3 (median,
66 mm3). Mean packing percentage of the 255 aneurysms
was 27% (median, 25%). At the immediate postprocedural
control angiogram, complete circulatory exclusion (Class 1
result) was obtained in 77% (195/255), persistent neck
opacification (Class 2 result) was obtained in 20% (52/255),
persistent sac opacification (Class 3 result) was obtained in
3% (7/255) of the aneurysms. Mean last available follow-up
angiography was 15 months (median, 14 months; range, 1-43
months). Follow-up angiography revealed recurrence in 73
of 255 aneurysms (28.5%) at a mean follow-up time of 11
months (median, 8 months; range, 3-43 months). Out of
these 73 recurring aneurysms, 17 remained stable at later follow up, 11 continued to recur at later follow up. Out of these
recurrences, 5.5% (14/255) were sizable and amenable to
retreatment. Logistic regression showed a significant relationship between duration of angiographic follow-up and
recurrence (P = 0.001; relative risk, 1.056; 95% CI: 1.021 to
1.091), between the presence of aneurysm rupture and recurrence (P = 0.011; relative risk, 2,324; 95% CI: 1.211 to
4.462), between the aneurysm volume and recurrence (P =
0.017; relative risk, 1.002; 95% CI: 1.000 to 1.003).
Conversely, there was no significant relationship between
packing percentage and recurrence (P = 0.301; relative risk,
0.982; 95% CI: 0.949 to 1.016), between initial angiographic result and recurrence (P = 0.304; relative risk, 0.671; 95%
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CONCLUSION
Low contrast-enhanced ACT provides valuable imaging
information during placement of intracranial self-expandable stents. It enables to accurately visualize the relationship
of the stent to the aneurysmal neck. It further displays suboptimal stent mechanics such as prolapsing stent struts and
underdeployment of the stents.

MATERIALS & METHODS
Angiographic results were evaluated in a very strict fashion
and classified as described by Raymond et al. At angiographic follow-up, an aneurysm was considered recurrent if
a previously totally occluded aneurysm was seen to have a
partial, even small, recurrence of the neck and/or the sac. A
recurrence was defined as any increase in the size of the remnant. When an aneurysm was considered occluded at the end
of treatment, despite minimal opacification maintained by
heparin, the first angiographic follow-up result served as the
immediate result. The recurrence was qualified as sizable if
it would theoretically permit retreatment with coils. Results
at the latest follow-up angiography were dichotomized into
presence or absence of angiographic recurrence. Risk factors
for angiographic recurrence were determined by logistic
regression.
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0.314 to 1.435), between the presence of single versus multiple aneurysms and recurrence (P = 0.693; relative risk,
1.154; 95% CI: 0.567 to 2.350). Logistic regression analysis
did not yield any statistical difference between the most
common anatomical locations along the circle of Willis.

CONCLUSION
Using current technologies the majority of MCA aneurysms
can be treated endovascularly with good clinical results. The
safety and efficacy in this single series appear comparable to
overall ISAT results. Longer-term outcomes are awaited.

CONCLUSION
The practice of inserting as many coils as possible in cerebral
aneurysms does not prevent angiographic recurrence. With
longer periods of angiographic follow-up, more angiographic recurrences can be detected.

KEY WORDS: Aneurysm, coiling, middle cerebral artery

KEY WORDS: Aneurysm, cerebral, aneurysm, therapy
Paper 383 Starting at 11:36 AM, Ending at 11:44 AM
Coiling of Middle Cerebral Artery Aneurysms: the
Edinburgh Experience Comprising 163 Patients over 11
Years
White, P. M. · Sellar, R. · Forrester, L. · Macmullen-Price, J.
· Keston, P.
Centre for Interventional Neuroradiology Edinburgh
Edinburgh, UNITED KINGDOM
PURPOSE
Middle cerebral artery (MCA) aneurysms can be difficult to
treat endovascularly due to the complex anatomy of the
MCA bifurcation and relationship to vascular branches. We
present our experience of coiling MCA aneurysms from
1994 until the end of 2004.
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MATERIALS & METHODS
Patient details were retrieved from a variety of overlapping
sources. The reports, images, and notes were reviewed. One
hundred sixty-three patients (119 female) underwent
attempted coiling (121 ruptured, 28 unruptured, 14
unknown). Median age was 49.5 years (range 23-76 years).
One hundred twenty-one patients had a single aneurysm.
Twelve patients were WFNS grade 0, 94 grade 1/2, 21 grade
3, 21 grade 4/5 and grade not documented in 15 (i.e., 28% of
those where grades known were poorer grades 3-5).
RESULTS
Angiographic results were as follows: 53/160 MCA
aneurysms were completely occluded (Montreal grade 1);
55/160 were grade 2; and 20/160 were grade 3. In 32
aneurysms results were not available or were not documented. Coiling was technically impossible or failed in 11 cases
(6.7%) and these were clipped. Clinical follow up was available for 125/152 successfully coiled patients (82%). The
dichotomized Glasgow Outcome Score was used to assess
outcome in coiled patients at the time of latest follow up
(where 1/2 = good outcome, 3-5 = poor outcome). Median
duration of follow up was 27.6 months (range 1-96 months).
Overall 106/125 with follow up available had a good outcome (85%). Clearly we cannot exclude the bias that follow
up may be more likely to be available in patients with good
as opposed to poor outcomes but it is unlikely that every one
of the 27 coiled patients lost to follow up had a poor outcome. To date, 15 MCA aneurysms have required recoiling
and one patient required clipping (10.5% retreatment rate).
Rebleeds have occurred in three patients (two were partly
coiled awaiting further treatment).
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11:45 AM – 12:00 PM
Ballroom 6ABCF
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— Robert I. Grossman, MD, ASNR President
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for gray matter, white matter, arterial input and venous output. The time-concentration curves obtained from each ROI
were fitted with a gamma variate function in order to minimize the effects of noise. Peak opacification was calculated
from the fitted curve for each ROI. For each concentration of
contrast data for individual ROI groups were pooled and
mean and SD values determined. Statistical comparison of
peak opacification between contrast concentration groups,
stratified by ROI location, was performed using a singletailed, unpaired t-test.
RESULTS
Monotonic increasing peak opacification was observed in all
ROI locations. Statistically significant differences were
observed between 300 and 400, as well as 350 and 400
groups (p < 0.01) in all tissues.

A missing Scientific Poster number indicates an
abstract has been withdrawn.
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Poster 1
Increasing Contrast Agent Concentration Improves CT
Perfusion Enhancement
Silvennoinen, H. M.1 · Hunter, G. J.2 · Valanne, L.1 ·
Hamberg, L. M.2
1

Helsinki University Central Hospital, Helsinki, FINLAND,
2
The University of Texas M. D. Anderson Cancer Center,
Houston, TX
PURPOSE
To evaluate whether or not increasing iodine concentration,
at a constant total iodine dose, results in better opacification
of brain tissue in patients with acute stroke symptoms during
their investigation by CT perfusion.
MATERIALS & METHODS
Ninety-seven patients were studied using iodinated, nonionic contrast material at concentrations of 300, 350, or 400 mg
of iodine per ml. There were 25, 53, and 19 patients in these
groups respectively. Each patient studied presented to the
emergency room within 3 hours of onset of acute stroke
symptoms and underwent standard of care evaluation of
potential acute cerebral infarction with conventional and CT
perfusion scanning. Fifteen grams of iodine, formulated in
300, 350 or 400 mg/ml concentrations, were injected at
7ml/sec followed by image acquisition at the level of putamen once a second for 50 seconds. Thus injected volumes
were 50 ml, 43 ml, and 38 ml. Image data were analyzed on
a clinical workstation. Regions of interest were determined

CONCLUSION
Increasing contrast concentration results in improvement in
peak opacification of tissue when using a CT perfusion paradigm. As calculation of perfusion maps is a noise-sensitive
process any improvement in signal to noise will necessarily
result in more robust analysis. In addition, changing the concentration alone, allows a greater peak opacification to be
achieved without increasing the patient’s total iodine load.
Optimal CT perfusion evaluation of acute stroke patients is
better performed with the highest available concentration
contrast agent.
KEY WORDS: Contrast agent, perfusion imaging, CT
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NOTE ABOUT SCANNED IMAGES: Scanned images are included in the
proceedings book. Some submitted images were reduced during the printing process, thereby
decreasing clarity. The images as originally submitted can be viewed within the abstract on the
ASNR website at www.asnr.org/2006.

Posters.qxp

3/9/2006

11:29 AM

Page 270

Posters

270
Poster 2

Poster 3

Diffusion-Perfusion MR Imaging Patterns and
Angiographic Correlates in Acute Middle Cerebral
Artery Trunk Occlusion

Hyperdense Posterior Cerebral Artery Sign: A Marker
for Early Ischemia in the Posterior Circulation?

Ali, L. K. · Saver, J. L. · Starkman, S. · Ovbiagele, B. ·
Vinuela, F. · Duckwiler, G. · Jahan, R. · Alger, J. · Salamon,
N. · Villablanca, J. P. · Kim, D. · Sanossian, S. · Buck, B. ·
Liebeskind, D. S.
University of California Medical Center
Los Angeles, CA
PURPOSE
To determine the clinical and radiologic features associated
with proximal versus distal occlusion sites in acute MCA
trunk occlusions.While the frequency of quantitative diffusion-perfusion mismatch in stroke due to middle cerebral
artery (MCA) stem occlusion has been analyzed frequently,
the regional topography and angiographic correlations of
diffusion-perfusion MR findings has been studied little.
MATERIALS & METHODS
Consecutive patients with middle cerebral artery occlusions
(MCAO) undergoing diffusion and perfusion MR within 6
hours and catheter angiography were identified from a
prospectively maintained registry. Raters blind to clinical
parameters rated MR images and angiograms in standardized fashion.
RESULTS
Among 32 patients, mean age was 67 years (range 30-94
years), and 65% were female. Median NIHSS score was 18
(range 4-26). Sites of MCAO were proximal in 59% and distal in 41%. The anterior temporal branch was visible in half
of the cases. Patients with proximal vs distal MCAO did not
differ in age, gender, or stroke deficit severity (NIHSS: 18 vs
19, p = 0.848). Proximal (vs distal) MCAOs tended to exhibit more frequent deep MCA diffusion-weighted imaging
(DWI) lesions (79% vs 54%, p = 0.149) and perfusionweighted imaging (PWI) lesions (73% vs 46%, p= 0.150),
but did not differ in frequency of insula or superficial territory involvement. Across all cases, perfusion lesions were
equally prevalent in superficial (77%), deep (63%), and insula (81%) locations. For both proximal and deep MCAOs,
perfusion impairments were more severe in anterior than
posterior fields in 22%, and equally severe anteroposteriorly
in 78%. Diffusion-weighted imaging lesions frequently
exhibited a distinct demarcation between deep and superficial MCA fields. Poor angiographic collateral grade was
associated with greater number of branch territories showing
PWI lesions.
CONCLUSION
Proximal and distal MCA trunk occlusion present in similar
clinical fashion, but demonstrate distinct imaging patterns.
The spatial topography of perfusion-diffusion mismatch
varies with proximal vs distal occlusion site. Profound perfusion impairments more often occur in anterior than posterior superficial MCA fields.
KEY WORDS: Middle cerebral artery, angiography

Krings, T. · Noelchen, D. · Meister, I. G. · Willmes, K. · Mull,
M. · Thron, A.
University Hospital Aachen
Aachen, GERMANY
PURPOSE
Early signs of ischemia in cranial CT (CCT) are of importance since stroke patients may benefit from early recanalizing methods. In the anterior circulation, the hyperdense middle cerebral artery sign (HMCA) is a well established marker for early ischemia. Similarly, the hyperdense basilar artery
sign may be a diagnostic clue for basilar artery thrombosis.
Other hyperdense artery signs have not been described yet.
The purpose of this retrospective study was to evaluate the
rate of occurrence and the specificity of the hyperdense posterior cerebral artery sign (HPCA) as a marker for ischemia
in the territory of the posterior cerebral artery (PCA).
MATERIALS & METHODS
The CCTs of 69 patients with proven acute ischemia in the
PCA territory were compared by three independent and
blinded readers to the CCTs of 86 age-matched patients who
were evaluated for loss of visual acuity but whose clinical
course and CCTs ruled out an ischemia in the PCA territory.
In addition, other signs of early ischemia were evaluated.
Using the follow-up CCTs the correlation of the HPCA with
infarct size, thalamic infarction, and bleeding were investigated.
RESULTS
The HPCA was found in 37.7% of all patients with an acute
infarct and had a specificity of 95.4%. In 6% of all patients,
the HPCA was the only sign of an acute infarct while the
other early markers of cerebral ischemia were negative. Size
and thalamic infarction correlated positively with the HPCA,
i.e., the thalamus was affected significantly more often when
a HPCA was present (p = 0.03) and the size of the infarct was
significantly more often large than medium or small (p =
0.02). Hemorrhagic transformation tended to occur more
often when the HPCA was present.

Figure: Hyperdense posterior cerebral artery in a patient with
acute hemianopia. Follow-up CT demonstrated left-sided
PCA infarction.
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Imaging of Cerebral Venous Thrombosis: Thrombus
Signal Intensity and Susceptibility Effects on GradientRecalled Echo MR Imaging
Leach, J. L. · Strub, W. · Gaskill-Shipley, M. F.
University of Cincinnati
Cincinnati, OH
PURPOSE
A primary imaging finding in cerebral venous thrombosis
(CVT) is abnormal intravascular signal intensity on MR
imaging secondary to thrombus formation. The signal intensity of thrombus is temporally variable and commonly presents a diagnostic dilemma, especially in the acute stage
(within 7 days after symptom onset). This study was performed to assess the time-dependent changes and clinical
usefulness of thrombus signal intensity and susceptibility
effects on gradient-recalled echo (GRE) MR images, a commonly performed pulse sequence.
MATERIALS & METHODS
An IRB-approved, ongoing prospective database of patients
with CVT was assessed. The clinical and initial MR findings
of 18 patients with cerebral venous thrombosis and GRE
imaging were reviewed. All exams were performed at 1.5 T.
Because of the variability of thrombus signal intensity within patients, a segmental analysis of the thrombosed segments
was utilized. A total of 69 thrombosed venous segments were
assessed. The predominant thrombus signal intensity relative
to gray matter was assessed on multiple pulse sequences
including GRE, FSE T2, T1, and FLAIR. The degree of
thrombus susceptibility effect (GRE “blooming”; markedly
diminished signal producing an apparent enlargement of the
thrombosed segment on GRE sequences) was assessed and
related to the time of imaging relative to onset of symptoms
(clinical thrombus age), and appearance on other pulse
sequences.
RESULTS
Definite susceptibility effect was identified in 36 venous
segments. This appearance was noted most commonly in
segments exhibiting isointense or hypointense signal on T2weighting. Thirty-two of 36 of these segments (89%) exhibited isointense or hypointense signal on FSE T2-weighted
images whereas 4/36 (11%) segments exhibited hyperintense
T2 signal intensity. Of the segments not showing GRE
“blooming,” 24/33 (64%) showed hyperintense T2 signal (p
< 0.001). In segments exhibiting hypointense signal on T2,

23/27 (85%) exhibited “blooming” on GRE sequences. In 18
segments (5 patients) in which the signal intensity was iso or
hypointense on T1-weighting, and hypointense on T2weighting (very difficult to identify as abnormal) 15 (83%)
exhibited GRE “blooming,” typically the most prominent
finding. Of 51 segments in patients with accurate symptom
onset determination, 35 exhibited GRE “blooming.” The
mean clinical thrombus age in segments exhibiting GRE
“blooming” was significantly less than those not exhibiting
the effect (7.6 days vs 17.4 days, p < 0.001). No significant
correlation with thrombus signal intensity on T1-weighted
images was noted. Thrombus signal intensity on FLAIR
images closely followed the FSE T2-weighted sequences.
CONCLUSION
Susceptibility effects from cerebral venous thrombus in
patients with CVT can be detected with GRE imaging. This
effect is most pronounced in patients with hypointense
thrombus on FSE T2-weighted images, and in patients
imaged within 7 days after the onset of symptoms. This likely correlates with the paramagnetic effects of deoxyhemoglobin in acute stage thrombus formation. Gradient-recalled
echo imaging may be useful in detecting thrombus in this
stage, when more difficult to detect on other pulse
sequences.
KEY WORDS: Thrombosis, venous, sinus
Poster 5
Imaging of Chronic and Recanalized Cerebral Venous
Thrombosis: Findings on MR Imaging, Time-of-Flight
MR Venography, and Postcontrast MR Venography
Leach, J. L. · Wolujewicz, M. · Strub, W.
University of Cincinnati
Cincinnati, OH
PURPOSE
To describe the imaging findings of chronic, partially
recanalized dural sinus thrombosis on MR imaging, time-offlight (TOF) MR venography (MRV), and postcontrast MRV.
MATERIALS & METHODS
The clinical and imaging records of an ongoing prospective
database of patients with dural venous thrombosis was
assessed. From this database 10 patients were identified with
imaging and clinical findings consistent with the diagnosis
of chronic or partially recanalized dural sinus thrombosis.
Nine patients had MRV imaging, six had both contrastenhanced and standard TOF MRV. A total of 34 venous segments were occluded. The occluded venous segments were
assessed in a detailed fashion for thrombus signal intensity,
enhancement, recanalized channel morphology, and MRV
appearance. Cross-sectional diagrams were made to help
understand the complex thrombus morphology in each
patient.
RESULTS
Seven patients were diagnosed initially with thrombus in the
chronic stage, 3 patients had known incompletely recanalized thrombosis. Multiple different venous sinus segments
were occluded (patients): superior sagittal sinus -2, transverse sinus - 9, sigmoid sinus - 7, jugular bulb - internal

Posters

CONCLUSION
It has been reported that the HMCA tends to occur in approximately 40% of all patients with middle cerebral artery
infarcts, similarly, we found a 40% rate of occurrence of the
HPCA in our patient group. Since the HPCA was found most
often in the P2 segment, there was a positive correlation with
the infarct size, with thalamic infarction and hemorrhagic
transformation. Therefore, this sign may not be helpful only
in the early diagnosis of PCA infarction but also might act as
a prognostic marker of lesion size and hemorrhagic transformation.
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jugular vein - 7. Thrombus signal intensity was variable relative to brain parenchyma (segments): T1-weighting: isointense - 29, hypointense - 1, hyperintense - 3. T2-weighting:
isointense -1, hyperintense -33. No segments imaged with
gradient recalled echo sequences exhibited blooming.
Visible serpiginous intrathrombus flow voids were visible on
T2-weighting in 23 segments (8/10 patients). These corresponed to areas of flow signal on TOF MRV, and enhancing
channels on contrast MRV. Of 32 thrombosed segments evaluated with contrast administration, 31 enhanced (10/10
patients). Twenty-seven segments enhanced equal to (13) or
greater than (14) venographically normal venous sinus
enhancement. Time-of-flight MRV and postcontrast MRV
imaging was abnormal in all patients imaged with MRV.
Time-of-flight MRV demonstrated irregular recanalized
channels or small discontinuous zones of flow signal.within
the thrombosed segments. Contrast-enhanced MRV demonstrated irregular, predominately central filling defects with
peripheral enhancement corresponding to recanalized channels. The appearance of the thrombosed segments did not
change in those patients with follow-up MR and MRV imaging (5 - 30 months, average 13.6 months after initial exam).

Hounsfield unit (HU) of the calcified lesion [HU = (1) 130199; (2) 200-299; (3) 300-399; (4) > 399]. Axial scores were
summated to obtain regional scores (CB and CS), which
were added to obtain a total vessel score. Nonparametric correlations and a linear regression model were used to determine statistical significance and relative significance of each
clinical variable.

CONCLUSION
Chronic, partially recanalized, venous thrombosis has a typical appearance on MR imaging and MRV. On MR imaging,
thrombus is isointense on T1-weighting, hyperintense on T2weighting, enhances strongly, and can exhibit internal flow
voids. On MRV, irregular recanalized channels are visible.
Contrast-enhanced MRV was abnormal in all cases, despite
the intense enhancement of the thrombosed segments on MR
imaging.

CONCLUSION
Carotid calcium content was not significantly greater in
patients with recent anterior circulation cerebral ischemic
events. Carotid bifurcation calcification predicts carotid
siphon calcification and vice versa. Carotid calcium score
correlates with degree of internal carotid artery stenosis.

KEY WORDS: Thrombosis, venous, sinus
Poster 6
Severity of Carotid Calcium as a Predictor of Cerebral
Ischemia
Thomas, B. P. · Larson, T. C.
Vanderbilt University Medical Center
Nashville, TN
PURPOSE
Coronary calcium scoring is used as a screening tool to predict cardiac ischemic events. The purpose of this study was
to use a recognized quantitative scoring method to determine
whether carotid calcium content predicts cerebral ischemia.
MATERIALS & METHODS
Following IRB exemption, the cervical carotid bifurcation
(CB) and carotid siphon (CS) were scored retrospectively by
a single unblinded reviewer in 40 patients (80 arteries) from
CT angiography (CTA) studies. One group consisted of 20
patients (average age 62 years; 6 females, 14 males) who had
anterior circulation cerebral ischemic events within 1 year of
the CTA study date. The other group consisted of 20 asymptomatic patients (average age 65 years; 8 females, 12 males).
Exclusion criteria included remote history of stroke, carotid
endarterectomy, posterior circulation neurologic deficits and
cardioembolic stroke. Each axial slice was scored using a
modified Agatston method by multiplying the region of
interest area by a density factor based on the average

RESULTS
The average total vessel score of the 20 event arteries was
not significantly greater than the average score of the 60
asymptomatic arteries: 136, 115; p = 0.880. Within the
symptomatic patients, the average score of the 20 event
arteries was not significantly greater than the average score
of the 20 asymptomatic contralateral arteries: 136,118; p =
0.981. The combined two-vessel average score of the 20
symptomatic patients was not significantly greater than the
combined score of the 20 asymptomatic patients: 254, 228; p
= 0.989. CB and CS scores were correlated significantly to
each other (p < 0.001). Carotid calcium score was correlated
significantly with internal carotid artery stenosis, patient age
and tobacco use (p = 0.04, 0.045, and 0.015).

REFERENCES
1. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte
M Jr, Detrano R. Quantification of coronary artery calcium
using ultrafast computed tomography. J Am Coll Cardiol
1990;15(4):827-832
2. Nandalur KR, Baskurt E, Hagspiel KD, Phillips CD, Kramer
CM. Calcified carotid atherosclerotic plaque is associated
less with ischemic symptoms than is noncalcified plaque on
MDCT. AJR Am J Roentgenol 2005;184:295-298
3. Babairz LS, Yousem DM, Bilker W, Wasserman BA. Middle
cerebral artery infarction: relationship of cavernous carotid
artery calcification. AJNR Am J Neuroradiol 2005;26(6):15051511
4. McKinney AM, Casey SO, Teksam M, Lucato LT, Smith M,
Truwit CL, Kieffer S. Carotid bifurcation calcium and correlation with percent stenosis of the internal carotid artery on
CT angiography. Neuroradiology 2005;47(1):1-9
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Hirai, T.1 · Akter, M.1 · Kitajima, M.1 · Hayashida, Y.1 · Shoji,
M.1 · Murakami, R.1 · Kuratsu, J.1 · Haacke, E.2 · Takahashi,
M.3 · Yamashita, Y.1
1

Kumamoto University, Kumamoto, JAPAN, 2Wayne State
University, Detroit, MI, 3International Imaging Center,
Kumamoto, JAPAN
PURPOSE
Detection of hemorrhage is important in the diagnosis and
management of a variety of intracranial diseases. The purpose of our study was to evaluate the sensitivity of susceptibility-weighted imaging (SWI) for depicting chronic hemorrhagic foci in comparison with gradient-recalled echo (GRE)
imaging and GRE-type single-shot echo-planar imaging
(GRE-EPI).
MATERIALS & METHODS
Fourteen patients (8 males and 6 females; 10 to 74 years,
mean, 43 years) with chronic hemorrhage were examined
prospectively with the above three sequences at a 1.5 T MR
unit. Contrast-to-noise ratio (CNR), sensitivity to detection
of lesions, conspicuity of internal architecture, artifacts, and
sensitivity to small hemorrhagic foci were evaluated.
RESULTS
The CNR of the SWI, GRE, and GRE-EPI sequences was
60.9, 29.1, and 24.2, respectively; the number of small hemorrhagic foci detected was 419, 287, and 303, respectively,
for the supratentorial region; and 81, 46, and 36, respectively, for the infratentorial/skull-base region. Although the artifacts of SWI were significantly more severe than GRE, the
detectability of SWI was significantly superior to GRE or
GRE-EPI.
CONCLUSION
The SWI sequence was best for detecting susceptibility
dephasing associated with chronic brain hemorrhage,
although artifacts were seen more severely for SWI than for
GRE.
KEY WORDS: Intracranial hemorrhage, MR imaging

RESULTS
The mean ADC value, ADC ratio, CT attenuation value, C/N
ratio, and tumor cellularity were 0.78 ± 0.17, 0.90 ± 0.22,
37.3 ± 4.2, 26.2 ± 10.5, and 0.44 ± 0.12, respectively. The
ADC values inversely correlated with the attenuation values
on CT (p = 0.007). The ADC ratios inversely correlated with
the attenuation values on CT and correlated with C/N ratios
on T2-weighted images (p < 0.05). The ADC values and
ADC ratios tended to correlate with tumor cellularity,
although there were no significant differences between the
ADC values and tumor cellularity nor between the ADC
ratios and tumor cellularity. There was a tendency for correlation among the C/N ratios, CT attenuation values, and
tumor cellularity.
CONCLUSION
In brain lymphomas, water diffusivity within the tumor correlates with CT attenuation and signal intensity on T2weighted images. Tumor cellularity in lymphomas may contribute to water diffusivity.
KEY WORDS: Brain tumors, MR imaging, diffusion
Poster 9
MR Imaging in the Acute Phase of Transient Global
Amnesia
Grive, E. · Quintela, A. · Toledo, M. · Pujadas, F. · Frascheri,
L. · Rovira, A.
Vall d'Hebron Hospital
Barcelona, SPAIN
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Diffusion-Weighted Imaging of Brain Lymphomas:
Comparison with T2-Weighted Imaging, CT, and
Histologic Cellularity
Hirai, T.1 · Kitajima, M.1 · Hayashida, Y.1 · Murakami, R.1 ·
Makino, K.1 · Kuratsu, J.1 · Korogi, Y.2 · Yamashita, Y.1
1

Kumamoto University, Kumamoto, JAPAN, 2University of
Occupational and Environmental Health, School of
Medicine, Kitakyushu, JAPAN

PURPOSE
To determine whether water diffusivity in brain lymphomas
correlates with their signal intensity on T2-weighted images,
CT attenuation, and tumor cellularity.

PURPOSE
The etiology and pathophysiology of transient global amnesia (TGA) remain unknown, although several hypotheses
have been proposed. The purpose of our study was to identify MR imaging abnormalities in the acute phase of TGA and
investigate how they change in follow-up controls.
MATERIALS & METHODS
Fifteen patients underwent brain MR imaging studies in the
first 24 hours after TGA, using the following sequences:
FLAIR, T1SE, T2SE, T2GE, diffusion (b 1000 and b 2000),
perfusion and MR angiography. MR imaging was repeated at
48 hours, and most of the patients underwent a follow-up
study at 4 weeks.

Posters

Susceptibility-Weighted Imaging in Detection of Chronic
Brain Hemorrhage: Comparison with FLASH and EchoPlanar Imaging

MATERIALS & METHODS
We retrospectively assessed apparent diffusion coefficient
(ADC) maps, T2-weighted images, CT attenuation, and histologic features in 16 patients with primary brain lymphomas
(16 lesions). Regions of interest were drawn on each image
in areas of enhancing lesions and ADC values were measured on ADC maps. Apparent diffusion coefficient ratios and
contrast-to-noise (C/N) ratios on T2-weighted images were
calculated for the lesions and surrounding normal-appearing
white matter. Attenuation values were obtained on unenhanced CT. Tumor cellularity was defined as the total area of
tumor cell nuclei divided by the area of the histologic section. The ADC values and ADC ratios were compared with
CT attenuation values, C/N ratios and tumor cellularity using
the Spearman rank correlation.
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RESULTS
Nine patients (60%) showed a small region of increased signal intensity in the hippocampus on diffusion-weighted
imaging (DWI). In five (55.6%) of the nine patients the
lesions were seen in the first 24 hours and again in the second MR imaging at 48 hours. In three patients (33.3%)
lesions were detected only at the 48-hour MR imaging and in
one patient (11.1%) a lesion was demonstrated only in the
first examination. None of the lesions persisted at the 4-week
follow up. These findings did not correlate with MR perfusion or MR angiography abnormalities that might explain
their cause.
CONCLUSION
Diffusion-weighted imaging demonstrated hippocampal
lesions in a high percentage of patients in the first hours after
TGA, which disappeared in follow-up MR imaging. The
lesions location correlated with the patient symptoms but
their etiology remains obscure.
KEY WORDS: Diffusion, amnesia
Poster 10
Imaging and Triage for Potential Intraarterial
Thrombolytic Intervention in a Community Hospital
Practice
Wiener, J. I.
Boca Raton Community Hospital
Highland Beach, FL
PURPOSE
We sought to show the feasibility in a pilot study of instituting a rapid MR imaging/MR angiography (MRI/MRA) protocol with 24/7 coverage for the evaluation of acute stroke
patients presenting to a large community hospital emergency
department, which would allow rapid triage of patients for
appropriate therapy (including intraarterial thrombolytic rx)
in less than 1 hour.
MATERIALS & METHODS
A protocol for the emergency room and radiology department was developed initially in conjunction with the emergency department physicians for rapid assessment of acute
stroke patients presenting to our hospital. A rapid MRI/MRA
protocol was instituted on our in-hospital MR imaging unit
located only 50 feet from the emergency department and our
angiographic-interventional suite. Patients who were felt to
have definite acute deficits (NIH stroke scale > 4 or significant aphasia) were enrolled into this pilot study.
RESULTS
Twenty-five patients were enrolled in this study and two
were treated with intraarterial therapy. One of these two
patients with an already completed basal ganglial infarction
had an asymptomatic hemorrhage into the infarct zone. A
third patient with severe deficits and occlusion of the dominant left internal carotid artery at its origin was offered compassionate therapy but the family refused aggressive treatment. Discussion: Acute stroke represents one of the leading
causes of death and disability in the United States with an
incidence of over 600,000 new and recurrent cases per year
with 160,000 deaths per year. As of 1996, there were 4.4 mil-

lion estimated stroke survivors in the United States. Seventone percent were vocationally impaired, 16% were institutionalized, and 31% needed help caring for themselves.
Recently, pharmacologic therapies including thrombolysis
and neuroprotective agents have undergone clinical trials.
While some of the initial results are promising, the efficacy
and the time window for treatment have been limited.
Although iv t-PA has received FDA approval, its usefulness
has been limited (to date, only a small number of patients
have been treated with iv t-PA for acute stroke at Boca Raton
Community Hospital). Intraarterial thrombolysis holds great
promise by improving the efficacy of restoration of blood
flow to occluded intracranial arteries. Our protocol initially
selected potential candidates for intraarterial thrombolysis
by clinical criteria, then excluded intracranial hemorrhage by
CT and/or MR imaging, and to assess brain tissue either
already infarcted or at risk for infarction by diffusion/perfusion MR imaging. Occluded arterial vessels could be identified on MRA prior to performing neuroangiography, which
was only performed for those patients felt to be candidates
for selective intraarterial thrombolytic treatment. This
process limited hemorrhagic complications and targeted
those patients who are likely to benefit from therapy (large
territories at risk with limited area(s) of infarction).
CONCLUSION
We showed that we could implement a rapid emergency
department and radiology protocol, which allowed triage of
patients by clinical and imaging criteria. A similar protocol
could be implemented at primary stroke centers who wish to
offer aggressive intraarterial thrombolytic therapy with an
acceptably low complication rate.
KEY WORDS: Thrombolysis, imaging, stroke
Poster 11
Frontal Lobotomy: An Outdated Diagnosis?
Sattenberg, R. J. · Garfinkle, W. · Dissin, J. · Shrivastava, A.
· Guttentag, A. R.
Albert Einstein Medical Center
Philadelphia, PA
PURPOSE
Frontal lobotomy is a procedure which historically was performed frequently. It is estimated that between 1939 and
1951 over 50,000 such procedures were performed in the
United States alone. The postprocedure imaging is something which can often mimic encephalomalacia from old
trauma, as it involves a similar territory as traumatic brain
injury. For this reason, this exhibit intends to depict and
demonstrate the salient aspects of the imaging which are
unique to the frontal lobectomy and aid in distinguishing it
from posttraumatic encephalomalacia. A brief historic
overview of the Frontal Lobotomy Procedure, as well as its
clinical sequelae, and imaging are presented in this exhibit.
Many of the younger generation of radiologists and residents
are not very familiar with this imaging appearance and perhaps do not even consider it in a differential diagnosis. There
exists several criteria which often allows one to make a diagnosis of frontal lobe encephalomalacia secondary to the
frontal lobotomy procedure. These are presented and discussed.
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RESULTS
There are potential distinguishing imaging criteria which can
be used to assess between frontal lobe encephalomalacia due
to a posttraumatic event and the frontal lobotomy procedure.
Although a good history and the age of the patient often are
enough to make this distinction, the history is not always
present and the ability to distinguish between these two on
imaging criteria is important.
CONCLUSION
Frontal lobe encephalomalacia is a relatively common imaging appearance one comes across routinely in neuroimaging.
The differential diagnosis for this appearance can be large,
but usually includes trauma (especially when it involves the
inferior portion of the frontal lobe). However, the frontal
lobectomy procedure can leave elderly patients with a similar imaging appearance. Equally important, many of the
younger generation of radiologists and residents are not very
familiar with this imaging appearance and perhaps do not
even consider it in a differential diagnosis. There exists several criteria which often allows one to make a diagnosis of
frontal lobe encephalomalacia secondary to the frontal lobotomy procedure. These are presented and discussed.
KEY WORDS: Lobotomy, frontal
Poster 12
Arterial Indicators on MR Imaging: A Novel Model for
Predicting Mismatch in Acute Ischemic Stroke
Liebeskind, D. S. · Kim, D. · Sanossian, N. · Sayre, J. W. ·
Alger, J. R. · Jahan, R. · Duckwiler, G. R. · Vinuela, F. ·
Salamon, N. · Villablanca, J. P. · Saver, J. L. · for the
University of California Los Angeles Thrombolysis
Investigators
University of California Los Angeles
Los Angeles, CA
PURPOSE
Mismatch has emerged as an essential imaging tool for identification of salvageable ischemic penumbra in the setting of
acute stroke. Rapid clinical decisions regarding therapeutic
interventions require imaging selection to be expedient and
practical. Current perfusion modalities often require postprocessing or are limited in availability. We describe the use
of a novel algorithm utilizing arterial signal characteristics
on standard MR imaging sequences to predict mismatch.
MATERIALS & METHODS
Retrospective review of consecutive acute ischemic stroke
cases with multimodal MR inaging acquired within 24 hours
of symptom onset. Three stroke neurologists independently
rated the presence and extent of FLAIR vascular hyperintensities (FVH) and asymmetry or alterations in GRE phase

mismapping (PM), blinded to clinical data. The presence of
blooming artifact (BA) on GRE due to thrombus was noted
also. Linear measures of the diffusion-weighted imaging
(DWI) lesions and corresponding perfusion-weighted imaging (PWI) abnormalities on time-to-peak (TTP) maps then
were used to calculate numeric values for PWI/DWI mismatch. Additional analyses utilized the DIAS-2 definition of
mismatch with PWI/DWI ≥ 20%. Linear and stepwise multivariable logistic regression analyses were used to predict
mismatch based on image data obtained from FLAIR and
GRE.
RESULTS
Multimodal MR imaging studies were evaluated in 50 consecutive cases of acute ischemic stroke (25 men, 25 women;
mean age 65 years, SD 16.9 years), including various stroke
subtypes and vascular distributions with baseline NIHSS
scores ranging from 1-26. FLAIR vascular hyperintensities
indicative of retrograde leptomeningeal collateral flow associated with persistent proximal arterial occlusion were
appreciated in 37/50 (74%), with limited extent in 8/37.
Asymmetry of PM suggesting focal alterations in flow was
noted in 32/50 (64%). Phase mismapping derangements suggested distal arterial collapse in 28/50 (56%) and reversal of
flow in 4/50 (8%). Blooming artifact associated with
intravascular thrombus was noted in 23/50 (46%). Perfusionweighted/diffusion-weighted imaging mismatch ranged
from 1.00-100.96 (median 1.52). Thirty-two of fifty (64%)
cases met DIAS-2 criteria for mismatch. Multiple linear
regression demonstrated that FVH and PM accurately predict numeric values for PWI/DWI mismatch (multiple R =
0.82; mismatch = 1.39* FVH + .032* PM; p < 0.001).
Employing the DIAS-2 definition of mismatch, FVH and
PM yield an overall percentage correct classification of
95.8% (p < 0.001). Blooming artifact did not enter the predictive model for mismatch. Other imaging and clinical variables also were not predictive.
CONCLUSION
Specific arterial MR imaging signatures of collateral flow,
including FVH and alterations in PM, may be used to accurately predict mismatch in acute ischemic stroke. Arterial
indicators on MR imaging (AIM) provide a rapid and practical algorithm for quantitative assessment of mismatch that
may be used to target appropriate candidates for acute therapeutic intervention. Prospective validation of AIM in the setting of acute ischemic stroke currently is being conducted.
KEY WORDS: Mismatch, stroke, collaterals
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MATERIALS & METHODS
A retrospective review of posttraumatic frontal lobe
encephalomalacia was performed in a recent generation of
individuals (i.e., a population which would not have been
present during the time of the frontal lobotomy procedure) to
assess for characteristics which are distinguishing from
those of the encephalomalacia due to the frontal lobotomy
procedure. A review of the literature was performed also.
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Early T1-Weighted MR Imaging Signatures of Middle
Cerebral Artery Stroke in Humans
Liebeskind, D. S. · Alger, J. R. · Starkman, S. · Ovbiagele, B.
· Kim, D. · Sanossian, N. · Salamon, N. · Villablanca, J. P. ·
Jahan, R. · Duckwiler, G. R. · Vinuela, F. · Saver, J. L.

CONCLUSION
Early T1-weighted hyperintensity of the deep gray nuclei
following moderate ischemia and reperfusion frequently is
evident on standard MR angiography source images in MCA
stroke. Reperfusion of lenticulostriates may result in this
appearance due to derangements in the permeability of the
blood-brain barrier and luxury perfusion.

University of California Los Angeles
Los Angeles, CA

KEY WORDS: Stroke, MR imaging, blood-brain barrier

PURPOSE
Advanced multimodal MR imaging techniques are used
increasingly in acute stroke, yet early patients rarely have
been interrogated with T1-weighted acquisitions. Early T1weighted changes have been described in focal ischemia and
reperfusion in rodents at high magnetic field strength and
delayed T1 hyperintensity has been reported in later stages
of human stroke. We describe early T1-weighted changes
associated with middle cerebral artery (MCA) stroke in
humans.

Poster 14

MATERIALS & METHODS
Consecutive cases of acute MCA stroke with serial MR
imaging performed within 24 hours of symptom onset were
reviewed for evidence of T1-weighted hyperintensity on
MRA source images. Cases with parenchymal hematomas
were excluded. The clinical and radiographic correlates on
CT, MR imaging, and conventional angiography were noted.
RESULTS
Among 68 patients, mean age was 66 years and 54% were
women. Diffuse T1-weighted hyperintensity of the caudate,
putamen, and/or pallidum was present in 39/68 (57%).
Presence of T1 hyperintensity was unrelated to age, gender,
baseline NIHSS score, or early angiographic reperfusion.
Corresponding regions demonstrated mild or moderate
abnormalities on diffusion-weighted imaging in 34/39 (87%)
cases and on perfusion-weighted imaging in all 39 (100%)
on the initial MR imaging. Conventional T1-weighted
images were acquired in 3/39 cases, revealing hyperintensity in 2/3. Dilated lenticulostriate arteries were apparent in
these regions in 12/39 (31%), with minimal petechial hemorrhage on GRE in 15/39 (39%). Reperfusion was noted on
33/39 (85%) perfusion-weighted imaging studies, including
36 cases with angiographic evidence. Contrast staining in
homologous regions was noted on postprocedural CT in
17/31 (55%) cases. Persistent T1 hyperintensity of these
regions was observed in all 28 cases on subsequent MR
imaging performed from 3 days to 6 months later with
delayed evolution of petechial hemorrhage in only 4/28
(14%) cases.

Impact of Hindsight Bias on Interpretation of CT Scans
of the Brain for Evaluation of Acute Stroke
Erly, W. · Tran, M. · Krupinski, E. · Kahn, S.
University of Arizona
Tucson, AZ
PURPOSE
To determine whether knowledge of the presence or absence
of acute stroke from review of follow-up studies, including
diffusion-weighted MR imaging (DW MRI) head scans,
biases the retrospective review of a radiologist’s detection of
acute stroke on nonenhanced CT scans of the head.
MATERIALS & METHODS
Thirty consecutive patients with acute cerebral infarction as
defined by positive diffusion-weighted MR scanning and a
CT scan within 48 hours prior to the MR imaging were identified. In addition, 30 age-matched control patients with negative DW MRI and a head CT within 48 hours of MR imaging were chosen. The CT examinations were shown to six
board-certified radiologists (of which four were neuroradiologists). The radiologists were asked to provide a probability
estimate on whether an acute stroke is present or absent, the
location of the stroke if present, and the presence of early
ischemic signs including parenchymal hypoattenuation, sulcal effacement, and loss of gray-white matter differentiation.
The radiologists had access to the patients’ age, sex, and date
of study, but were not provided with the presenting history.
Following a minimum of a 2-week wash-out period, and
after reshuffling the cases, the radiologists were asked to
reinterpret the studies after first being shown the diffusionweighted MR imaging of the study in question and allowed
access to reports and other follow-up studies. ROC analysis
of the data was performed.
RESULTS
For acute MCA infarcts there was a significant increase in
performance with knowledge of DW MRI results than without prior knowledge of the DW MRI findings (t = 4.125, p =
0.0062). Overall for stroke detection there was no statistically significant difference (t = 2.35, p = 0.0571) between conditions (without and with diffusion-weighted MR imaging),
although all of the readers performed better (ROC Az) with
the diffusion-weighted MR images. We hypothesize that the
DW MRI was more helpful in the MCA territory infarctions
than in other vascular territories because these patients may
present earlier than those with smaller infarcts or infarcts in
other vascular territories.
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ROIs

CBF Values Measured on Overlapped Slices in 20 Cases
Location-1
Location-2
95% Confidence Interval
(mL/100g/min)
(mL/100g/min)
for Percemtage Change(%)
Mean

SD

Mean

SD

Whole Brain

23.02

3.36

22.81

3.51

Lower
-13.24

Upper
11.54

MCA

30.36

4.94

30.21

5.19

-15.76

15.06

Basal Ganglia

31.02

5.97

30.15

5.97

-20.25

15.39

White Matter

11.34

2.91

11.98

2.81

-33.81

50.12
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Reproducibility of Cerebral Blood Flow Measured in
Varying Anatomy Derived from Dynamic CT Perfusion
Scans
Liu, S. · Wintermark, M. · Sridhar, D. · Lu, Y. · Dillon, W. P.
University of California San Francisco
San Francisco, CA
PURPOSE
To investigate the reproducibility of dynamic perfusion CT
(PCT) derived perfusion parameters in patients with suspected acute stroke.
MATERIALS & METHODS
Twenty patients with suspected acute stroke underwent a CT
survey including two successive PCT series, performed
within 3 minutes. Each perfusion series consisted of two 10
mm thick slices positioned so that the second slice of the first
PCT series and the first slice of the second PCT series were
overlapped, allowing direct comparison of perfusion parameters in the same patient. PCT postprocessing was performed
identically for the overlapped slices, using the same arterial
and venous references. The absolute values of cerebral blood
flow (CBF), volume (CBV) and mean transit time (MTT)
were measured using the same template of regions of interest (ROIs) encompassing the whole brain (WB), and the
basal ganglia (BG), the cortical gray matter in the distribution of the middle cerebral artery (MCA), the frontal white
matter (WM) on normal side. Cerebral blood flow, CBV and
MTT values were compared using paired t-tests and evaluated for statistical correlation, and the 95% confidence intervals (CI) were calculated in order to quantify reproducibility.
RESULTS
Cerebral blood flow values were not significantly different
(paired t test, p > 0.05), and highly correlated (r > 0.8) for all
regions of interest measured in the overlapping slices from
the successive PCT series. The average percentage change of
CBF of the whole brain was -0.85 ± 6.32%, but was 8.16 ±
21.41% in the WM. Overall, the 95% CI of percent change
of CBF for all ROIs including WM was -24.6% to 26.8%;
excluding WM the 95% CI was -16.4% to 14.0%. Cerebral
blood volume and MTT values measured on overlapped
slices in the WB, MCA, BG, and WM showed significant
correlation (r > 0.6).

CONCLUSION
Dynamic perfusion CT technique affords reproducible measurements of brain perfusion. This suggests its suitability for
monitoring perfusion changes in acute stroke treatment trials. At a minimum, a CBF change greater than 15% from
baseline appears to be the minimum value for consideration
of significance. Further evaluation will be necessary to
extend these thresholds to stroke trials in which repeat studies may be temporally spaced.
KEY WORDS: Perfusion, CT, brain
Poster 16
Correlation of Permeability from CT Perfusion with
Infarct Size and Clinical Metrics/NIHSS in Acute Stroke
Kazmi, K. · Elijovich, L. · Law, M. · Babb, J. · Lin, K. · Siller, K.
New York University Medical Center
New York, NY
PURPOSE
Thrombolytic treatment of acute stroke has gained favor
with the FDA approval of tissue plasminogen activator and
its use is likely to expand with novel thrombolytic agents and
imaging techniques. However, it remains difficult to predict
the clinical outcome in response to thrombolysis. The purpose of this study is to determine if permeability measures
from CT perfusion correlate with DWI, CBV, CBF, and TTP
abnormalities as well as clinical metrics/NIHSS in acute
stroke patients.
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CONCLUSION
Knowledge of the presence or absence of an acute infarct
influences a radiologist’s ability to detect the lesion on CT.
The presence of hindsight bias may influence the testimony
of expert witnesses in legal cases, and have an impact on
quality assurance procedures on a hospital level.
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MATERIALS & METHODS
Twenty-two patients (ages 45-91 years, mean 66 years) who
presented with acute neurologic symptoms at our institution
were imaged with noncontrast head CT and dynamic contrast-enhanced CT perfusion (CTP) study of the brain, and
subsequently with diffusion-weighted MR imaging of the
brain. Their clinical data and all pertinent imaging results
were evaluated retrospectively. For each CTP study color
maps were generated for TTP, CBV, CBF and permeability
(performed on a Siemens Leonardo workstation). Free hand
ROIs were drawn around the abnormalities and mean permeability values (in mL/100 g/min) were recorded. Areas of
abnormality (in cm2) for all of the metrics also were recorded. Areas of abnormality (in cm2) on the corresponding DWI
slices were measured. Spearman and Pearson rank correlations were performed. Mixed model regression was used to
assess the statistical significance of each association while
accounting for the correlation between the multiple assessments of each metric made for each patient.

Poster 17

RESULTS
Pearson and Spearman correlations exist between the mean
CTP value on the abnormal side and all of the radiologic and
clinical metrics. The strongest, most linear correlation (coefficient > 0.5) exists between mean CTP and the NIHSS on
admission (Pearson and Spearman correlation coefficients of
0.56). This correlation had a significant p value of 0.0066.
CT perfusion area was positively correlated with all clinical
and radiologic metrics. The correlations approached a linear
relationship for CBV area, TTP area, CBF area, and diffusion area (respective correlation coefficients for
Pearson/Spearman correlations 0.56/0.63, 0.78/0.62,
0.69/0.83, 0.94/0.92). Permeability area did have positive
correlation with the clinical metrics; however it was not
clearly linear (correlation coefficient < 0.5).

MATERIALS & METHODS
Perfusion algorithms were implemented using the Insight
Segmentation and Registration Toolkit (ITK, National
Library of Medicine) to process both simulated and patient
data. The user interface was developed using Cocoa frameworks (Apple Computer, Cupertino CA). For algorithm evaluation, we created both a series of perfusion test pattern
images and a novel digital anthropomorphic phantom. The
phantom consisted of an anthropomorphic volume where
each voxel had a known temporal MR-T2* signal based on
the tissues within the voxel and the acquisition artifacts
under investigation. These evaluation tools allowed us to
qualitatively and quantitatively estimate the performance of
various algorithms under different conditions (i.e., noise,
partial-volume effects, temporal aliasing).

CONCLUSION
Preliminary results indicate that mean permeability values
from CT perfusion positively correlate with both clinical and
radiologic metrics. A statistically significant correlation
exists between the NIHSS on admission and the mean permeability value. These findings suggest that mean CT permeability values may be used as an independent marker of
stroke severity. CT permeability area correlates positively
and linearly (correlation coefficient > 0.5) with the radiologic metrics, but less so with the clinical metrics. Further study
is needed to determine whether permeability is a useful metric in the determination of penumbral tissue on CT perfusion,
analogous to MR imaging perfusion-diffusion mismatch.

RESULTS
On a dual 2.5 GHz PowerPC G5 (Apple), PerfTool can generate all relative and quantitative perfusion maps in about a
minute (typically 356 512 x 512 CT perfusion images).
PerfTool reads and writes images in DICOM and Analyze
file formats. The test patterns and the phantom can be loaded
into PerfTool like regular patient data and processed interactively to evaluate different algorithms. The phantom confirmed previous findings that partial volume errors in the
arterial signal cause a large degree of CBF overestimation
(1). Results of an acute stroke patient imaged with CT bolustracking perfusion and processed using PerfTool are shown
in the figure. PerfTool also can process MR bolus-tracking
perfusion data.

KEY WORDS: Stroke, CT perfusion

PerfTool: A Software Platform for Investigating CT and
MR Perfusion
Kosior, J. C.1,2 · Frayne, R.1,2
1

University of Calgary, Calgary, AB, CANADA, 2Foothills
Medical Centre, Calgary Health Region, Calgary, AB,
CANADA

PURPOSE
Our purpose is to develop a software platform (PerfTool) to
comprehensively evaluate bolus-tracking perfusion-imaging
algorithms. Both qualitative and quantitative algorithms can
be evaluated using mathematical models, anthropomorphic
perfusion phantoms and patient data. This platform represents a significant advancement compared to previous perfusion imaging approaches that have relied on simulated 1D
signals for evaluation.
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the human ischemic stroke condition. Of these 13 canines,
11 showed expected diffusion lesions, indicating infarcted
tissue according to the diffusion-perfusion mismatch theory.
Beyond the hemisphere of clot injection, the location and
size of infarcted and ischemic tissue was highly variable.
∆Smax maps (Fig) constructed from IA contrast agent injections acquisitions have a similar appearance to rCBV maps;
however, there are transit time aspects present in these maps
from the selection of the maximum signal drop in time.
These maps were highly sensitive to depict perfusion
changes. The ∆Smax maps in the figure show no contrast
entering the left hemisphere prestroke because contrast was
injected into the right internal carotid artery. After stroke, the
occluded artery causes a reflux of contrast agent.

KEY WORDS: Perfusion, software, stroke
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Canine Model of Ischemic Stroke for MR-Guided
Endovascular Therapy
Harris, A. D.1,2 · Ryder, R. C.1 · Hudon, M.2 · Hu, W. Y.2 ·
Morrish, W. F.2 · Sevick, R. J.1,2 · Wong, J. H.2 · Frayne, R.1,2
1
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PURPOSE
MR imaging, specifically diffusion and perfusion imaging, is
effective to detect and assess ischemic stroke. MR endovascular therapy is a growing field, and may displace some conventional X-ray endovascular techniques because there is
potential to improve the monitoring of therapeutic interventions. We see great potential for MR-guided endovascular
therapy in arterial thrombolysis of acute ischemic stroke
because perfusion imaging may provide valuable functional
monitoring information. Here we present a reversible, heterogeneous, embolic stroke model in canines, and explore
the use of intraarterial (IA) techniques to describe local perfusion changes. This approach may be used to evaluate and
monitor endovascular therapies, specifically, the reestablishment of cerebral perfusion after thrombolysis.
MATERIALS & METHODS
Autologous clot injection into the internal carotid artery was
used to induce stroke in 15 canines. Diffusion and perfusion
imaging were used to evaluate stroke progression for up to
200 min after clot injection. Dilute contrast agent injected
into the internal carotid artery was used to make maps of
local perfusion to monitor stroke progression and the
response to therapy. Intraarterial contrast agent perfusion
was depicted by maximum signal percent change maps
(∆Smax), which were compared with conventional systemic
contrast agent injection perfusion maps (relative cerebral
blood volume and relative mean transit time) as reference of
global perfusion.
RESULTS
Thirteen of 15 canines showed perfusion changes after clot
injection. Our model generated a range of stroke severities,
as assessed by diffusion and perfusion imaging, similar to

CONCLUSION
The developed canine model of embolic stroke is highly representative of the human condition. Intraarterial contrast
agent injection perfusion imaging is a promising technique
to describe local tissue perfusion, and will be useful for
endovascular MR stroke treatment.
KEY WORDS: Ischemic stroke model, MR imaging, therapeutic monitoring
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HYPR CT Perfusion: Simulation of Dose Reduction
Using Highly Constrained Back Projection
Supanich, M. P.1 · Rowley, H. A.1 · Turski, P. A.1 · Chen, G.1
· Hsieh, J.2 · Turk, A. S.1 · Mistretta, C. A.1
1
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PURPOSE
HYPR is a novel highly constrained backprojection image
reconstruction method recently introduced in the context of
magnetic resonance angiography (MRA). HYPR exploits the
redundancy of the spatial information in a series of images
and suppresses repetitive acquisition of this information. In
MRA, HYPR has been used to generate relatively artifactfree image time series with undersampling factors of several
hundred below the usual Nyquist requirements (1). We now
report simulations which suggest that CT perfusion dose
reduction factors of ten can be achieved using this algorithm.
MATERIALS & METHODS
A series of 48 512 x 512 clinical CT perfusion images were
reduced to 256 x 256 and cropped to remove bone which
would subtract in the absence of motion. With conventional
reconstruction, 400 projections would be required for com-
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CONCLUSION
PerfTool is an extensible software platform that allows the
evaluation of different bolus-tracking perfusion algorithms.
It is flexible enough to incorporate new algorithms and operates on patient data. The anthropomorphic phantom is a useful tool to rapidly visualize and quantify (as truth is known)
the performance of new and existing vendor algorithms in
the presence of different artifacts. It is critical to evaluate the
accuracy of different algorithms, since parametric perfusion
maps are important when assessing abnormal cerebral hemodynamics in conditions like acute ischemic stroke.
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plete sampling of these images. Instead, 40 projections were
generated from the original images and used to calculate
conventional filtered back projection images and HYPR
images. Prior to reconstruction, the noise variance in the
input images was increased by a factor of ten to account for
the higher noise that would occur with dose reduction. The
first four images in the time series were averaged and used
as a subtraction mask. For the HYPR processing a composite image was formed from all of the time series projections
and was used to constrain the back projection process (1).
RESULTS
Figure A shows every fourth image from the center of the
original time series at full dose. Figure B shows the same
images following the factor of ten simulated dose reduction.
Figure C shows the conventional CT and Figure D the
HYPR images reconstructed from the reduced dose data.
HYPR CT images reconstructed with 10% dose show excellent contrast and quality, comparable to the conventional CT
at full dose. In a separate analysis (not shown), signal curves
from an arterial and tissue ROIs show excellent agreement
between original and HYPR unnormalized data.
Implementation of the dose reduced scan will require modifications of the normal clinical scanning protocols requiring
pulsing of the X-ray tube to create interleaved projection
data sets for each time frame or through mA reduction.

CONCLUSION
HYPR CT methods have the potential to reduce radiation
dose by 10-fold for perfusion CT applications, without significant loss of image quality or diagnostic information.
REFERENCES
1. Mistretta CA. Highly constrained backprojection for time
resolved MRI. Accepted for publication in MR in Med

KEY WORDS: Perfusion, stroke, radiation
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W. · Bammer, R.
Stanford University
Stanford, CA
PURPOSE
Differentiate between infarction and susceptibility artifact
surrounding parenchymal brain hemorrhage.
MATERIALS & METHODS
Diffusion-weighted imaging (DWI) has proven to be extremely sensitive in the detection of acute infarction and has revolutionized stroke diagnosis. However, the use of single-shot
echo-planar imaging (EPI) methods for high acquisition speed
and minimization of motion artifacts leads to magnetic susceptibility artifacts that can obscure infarctions, especially in
the region of the skull base and adjacent to the sinuses. In the
setting of parenchymal hemorrhage a high-intensity rim often
is seen around the hemorrhage. The dilemma is often whether
this hyperintense rim represents truly infarcted tissue or a signal “pile-up” artifact. The anisotropy of the susceptibility artifact can help differentiate between these two situations. In
general, magnetic susceptibility artifacts in single-shot EPI are
most prominent in the direction of the phase-encode gradient
leading to signal pile up in this direction. One such source for
local magnetic susceptibility changes can be the iron products
within a hemorrhage. Therefore, the cause of these equivocal
hyperintense rims can be differentiated better by simply swapping the phase- and frequency-encoded directions and repeating the DWI scan. Regions of susceptibility artifact will
change location (i.e., from being most prominent on the left
and right of the hemorrhage to being most prominent on the
anterior and posterior margins). Regions of truly decreased
diffusion due to acute infarction will not change their position.
Fifty-five consecutive patients experiencing stroke-like symptoms underwent routine brain MR imaging, including two
DWI sequences (b = 1000 s/mm2), with and without parallel
imaging, in which the phase- and frequency-encoded directions were swapped. Two observers evaluated each study for
the presence of infarction, first using only one set of DWI
images, and then using both sets of DWI images.
RESULTS
Nine out of the 55 patients had parenchymal hemorrhage,
based upon the formal radiology report. Only four of these
had hemorrhage with hyperintense rim visible on DWI
sequences. With only a single DWI scan available, the
observers were unable to differentiate between ischemia and
artifact. In these four cases the subsequent DWI sequence
with exchanged phase- and frequency-encoded directions
confirmed that the hyperintensity was due to magnetic susceptibility changes rather than to infarction.
CONCLUSION
The susceptibility artifacts normally associated with diffusion-weighted EPI can interfere with image interpretation in
areas where large susceptibility gradients are present, for
example adjacent to the sinuses or surrounding a parenchymal brain hemorrhage. The use of parallel imaging helped to
reduce (but not eliminate) the severity of signal pile-up sur-
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the stent, in one case inside the stent lumen (true in-stent
restenosis), not easily identifiable on DSA. In case 4, DV
imaging allowed to precisely visualize branches, adjacent to
the stent that were difficult to identify on DSA or DR
images. Axial views provided cross-sectional areas of the
stenosed vessel in relation to the stent and its increase after
retreatment using percutaneous balloon angioplasty (1 case).

KEY WORDS: Stroke, hemorrhage, DWI

CONCLUSION
Angiographic CT provides significantly more detail information on placed stents in patients undergoing treatment of
atherosclerotic lesions than does DSA or DR. Our preliminary experience suggests that the additional use of the DV
technique may contribute valuable information to DSA and
DR in the acute setting of stent placement as well as during
follow-up studies. Both ACT and DV technique could gain
significant importance for assessment of stent restenoses and
their underlying causes. Improved software is expected and
will facilitate ongoing studies to further prove the value of
either technique for clinical practice.

Poster 21
Angiographic CT and Dual Volume Technique: Findings
after Intracranial Stenting of Atherosclerotic Stenoses
Benndorf, G.1 · Claus, B.2 · Strother, C.3 · Ebrahimi, N.4 · Lee,
C.5 · Klucznik, R.3
1
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PURPOSE
Three-dimensional digital subtraction angiography (DSA) is
used widely for pretreatment assessment of length and degree
of a stenotic segment as well as for follow-up studies after
stent placement. However it fails to visualize the stent itself.
Digital radiography (DR) visualizes the stent, but fails to show
the stented vessel lumen. We present herein the results of
angiographic CT (ACT) in imaging of stented atherosclerotic
stenosis, combined with a novel technique that allows to separately reconstruct two 3D volumes and to combine them for
simultaneous visualization of vessel and the stent (DualVolume-Technique) in order to provide optimized information
on all relevant structures and their relationships.
MATERIALS & METHODS
Four patients with previously placed intracranial drug eluted
stents (Cypher®, Cordis) in the basilar artery (BA: 1) and the
middle cerebral artery (M1 segment: 2) and one patient
undergoing initial stent placement (Cypher®, Cordis) for
treatment of a right M1 stenosis, underwent angiographic
studies using conventional DSA and 3D DSA. In addition,
ACTs were performed using a flat detector system (Axiom
Artis dBA, Siemens Medical, Erlangen) and the following
parameters: 20 sec rotation, 0.4° increment, 538 projections,
total angle 220°. For image postprocessing of the 3D DSA,
dual volume technique (DV technique) was applied using the
following protocol: 10 seconds rotation, separate reconstructions of the subtracted filling run (vessel run) and the nonsubtracted mask run (stent volume) using identical volumes
of interest (size and location, voxel size: 0.05-0.08 mm). All
image analysis was performed using a commercially available workstation (LeonardoX, Siemens).
RESULTS
The ACTs of the stents showed the following findings:
change in caliper, asymmetric deployment, inward crimping
of proximal stent ends. In all patients, the DV technique
allowed to obtained fused reconstructions of the stented vessel segments in good quality. In the 3 follow-up cases, it
allowed to accurately visualize the site of the restenosis with
regard to the stent itself: in two cases at the proximal end of

KEY WORDS: Angiographic CT (ACT), stroke, stents
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Inter-Slice Acquisition Delay and Patient Motion Can
Affect the Effective Volume of Perfusion Deficit
Observed with Quantitative Perfusion MR Imaging
Bammer, R.1 · Mlynash, M.1 · Kakuda, W.1 · Thijs, V.2 ·
Lansberg, M.1 · Marks, M.1 · Albers, G.1
1

Stanford University, Stanford, CA, 2UZ Gasthuisberg,
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PURPOSE
Patient movement during dynamic contrast-enhanced MR
imaging causes inconsistent time-intensity courses and leads
to erroneous perfusion measurements. In addition, the
assumption that each slice of a dynamic MR imaging study is
acquired at exactly the same time, which frequently is made,
is incorrect and can bias perfusion metrics, such as Tmax.
MATERIALS & METHODS
Head rotation and translation was corrected by registering
each time-series image to a template (average time signal)
using Pearson correlation in combination with a downhillsimplex algorithm. The exact image acquisition time was
used to correct for the time lags between actual and reference
slice by cubic spline interpolation on a per pixel basis. To
test the algorithms, a subset of 24 out of 74 consecutive acute
ischemic stroke patients enrolled in a prospective, openlabel, seven center, NIH-funded study were used. Tmax volume data from seven patients with severe motion distortion
were compared to three controls with no apparent motion.
Similar data from eight patients with significant discrepancies (>2.0 s) in AIF onset time (AIFt) between two observers
(WK, VT) were compared to six controls with no obvious
AIF timing differences (<2.0 s). The same AIF location was
used before and after correction to avoid test-retest errors.
RESULTS
The motion correction algorithm significantly reduced
motion artifacts and improved interobserver agreement in
Tmax volume measurements in four of seven patients,

Posters

rounding hemorrhage. Unfortunately, it did not by itself
reduce the uncertainty in differentiating a rim of infarcted
tissue from pile-up artifact. However, since the pile-up artifact is only seen in the phase-encode direction, we recommend repeating the DWI scan (30-40 s additional scan time)
with swapped phase- and frequency-encode directions to differentiate these two entities.
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whereas no changes in Tmax volumes were observed in the
control group. The other three patients with motion distortions had visually reduced motion artifacts but no significant
change in Tmax volume. The time correction algorithm significantly reduced discrepancies in AIF timing and interobserver discrepancies in Tmax volumes in four of eight
patients with AIF onset time differences. Two out of the six
patients in the control group demonstrated a slight change in
Tmax volume after time correction; however, the AIF onset
times remained consistent.
CONCLUSION
Acquisition time and motion correction algorithms can minimize AIF discrepancy between raters and reduce errors in
the estimation of perfusion deficits. Application of appropriate correction methods prior to processing perfusion images
can improve the accuracy of perfusion-weighted imaging
volume measurements.

severe hypertension and more edema in patients who were
normotensive. Vasospasm was noted at the time of toxicity
and PRES in 9 of 10 patients studied.
CONCLUSION
Infection, sepsis, and shock appear to occur commonly in
association with those patients that develop PRES. Severely
hypertensive patients in this subset have less cerebral edema
than normotensive patients and vasospasm commonly is
encountered. Infection in PRES may have significant implications in the developmant of neurotoxicity in particular in
transplant patients who are immune supressed with
cyclosporine or FK-506.
KEY WORDS: Posterior reversible encephalopathy syndrome, Infection sepsis shock, gram positive sepsis
Poster 24
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Evaluation of Normal Appearing Corpus Callosum in
Multiple Sclerosis Patients with Diffusion Tensor
Imaging

Posterior Reversible Encephalopathy Syndrome and Its
Association With Infection, Sepsis, and Shock

da Cruz, L. H.1 · Domingues, R. C.1 · Domingues, R. C.1 ·
Vasconcelos, C.2 · Alvarenga, R. P.2
1

Bartynski, W. S. · Boardman, J. F.
Presbyterian University Hospital
Pittsburgh, PA
PURPOSE
The etiology of posterior reversible encephalopathy syndrome (PRES) is controversial. We recently encountered
several patients that developed PRES in association with
severe infection and sepsis. The purpose of this study is to
review the conditions with which PRES is associated in a
large cohort of patients with specific attention to the presence of infection, sepsis, and shock.
MATERIALS & METHODS
One hundred and six patients were identified who developed
neurotoxicity along with the PRES imaging features. The
clinical and imaging characteristics of these patients were
reviewed retrospectively to include hypertension. Typical
associations related to the development of PRES were identified along with any association with infection, sepsis, or
shock. Imaging and MR angiographic features were assessed
in these patients.
RESULTS
Posterior reversible encephalopathy syndrome occurred in
association with typically noted conditions to include
cyclosporine/FK-506 neurotoxicity (46%), autoimmune disease (10%) postchemotherapy (5%) and eclampsia (11%).
Infection, sepsis or shock were noted as associated with the
development of PRES in 24% of patients. The most common
infections included severe wound infection, abscess and
pneumonia. Bacteremia was documented in 14 of 25
patients. Gram-positive organisms predominated in the
infections (84%) both of the organ/tissue infections and
episodes of bacteremia. MR imaging studies demonstrated
less cerebral edema in the patients with infection who had

CDPI - Multi-Imagem Ressonancia, Rio de Janeiro,
BRAZIL, 2HUGG - UniRio, Rio de Janeiro, BRAZIL
PURPOSE
To confirm the ability of diffusion tensor imaging (DTI) in
the detection of white matter abnormalities. To determine
whether DTI can demonstrate microstructural changes in the
normal appearing corpus callosum (NACC) in multiple sclerosis (MS) patients.
MATERIALS & METHODS
Fifty-seven MS patients (32 female, 25 male; mean age 42.7
years) and 47 healthy controls age-matched (28 female,19
male; mean age 39.2 years) underwent diffusion tensor and
conventional MR imaging exams performed in a 1.5 T clinical scanner (Siemens, Germany). Identical regions of interest (ROI) were placed by an experienced neuroradiologist on
different portions of the corpus callosum and at the corresponding location in the control group - rostrum, genu, anterior and posterior portions of the corpus callosum, and splenium. Diffusion tensor imaging was performed using a diffusion-weighted echo-planar imaging applied in 12 different
directions. Generation of fractional anisotropy (FA) maps
was obtained from DTI data as an index of anisotropy using
the DTI-Task Card software (MGH, Boston, USA).
RESULTS
The mean FA measured in MS patients in the corpus callosum
was: rostrum(720 ± 90.9), genu (776 ± 80.8), anterior portion
(698.2 ± 87.7), posterior portion (711.9 ± 89.5) and splenium
(720.8 ± 115.6). In the control subjects the FA values were:
rostrum (819 ± 62), genu (844 ± 61.8), anterior portion (752.6
± 69), posterior portion (759.2 ± 67.2) and splenium(880.7 ±
38.3).There are statistically significant differences between
the FA value of the corpus callosum in the rostrum, anterior
and posterior portions as well as in the splenium in MS
patients and at the same locations in the control groups (p <
0.001).The reduction in FA values of the genu in MS patients
was not statistically significant (p > 0.05).
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Mild Cognitive Impairment: Comparison between
Posterior Cingulate Gyri and Left Hippocampus MR
Spectroscopy with Diffusion Tensor MR Imaging
da Cruz, L. H. · Parente, D. B. · Domingues, R. C. ·
Domingues, R. C.
CDPI - Multi-Imagem Ressonancia
Rio de Janeiro, BRAZIL
PURPOSE
To determine if there is fractional anisotropy (FA) reduction
in patients with mild cognitive impairment (MCI). To determine if posterior cingulate gyri (PCG) and/or left hippocampus (LH) MR spectroscopy ( MRS) can be used to assess
MCI. To compare MRS and diffusion tensor imaging (DTI)
in the diagnosis of MCI.
MATERIALS & METHODS
MR standard protocol, single voxel MRS of the PGC and of
the LH and DTI were performed in 24 mild cognitive impairment patients (5 men, 19 women; mean age 69 years, MMSE
27-30) and 16 controls (4 men, 12 women; mean age 68
years, MMSE 27-30) on a 1.5 T clinical scanner (Siemens,
Germany). Diffusion tensor imaging was obtained with
echo-planar SE with diffusion gradient b values of 0 and
1000 sec/mm2 applied in six different directions. Identical
regions of interest (ROIs) were placed by a single observer
in the hippocampus, superior longitudinal fascicles, and posterior cingulate gyri bilaterally and in the splenium of the
corpus callosum.
RESULTS
No significant difference was noted on any metabolic ratio
when comparing MCI patients and controls both on PCG and
LH MRS (p = 0.153-0.657). Statistically significant reduction on FA values (p = 0.001-0.005) were noted on MCI
patients on right (0.563 ± 0.095) and left (0.563 ± 0.100)
superior longitudinal fascicles, right posterior cingulate gyri
(0.614 ± 0.055) and in the splenium of the corpus callosum
(0.662 ± 0.073) when compared to the control group (0.649
± 0.053; 0.653 ± 0.045; 0.672 ± 0.051; 0.721 ± 0.047).
CONCLUSION
Mild cognitive impairment group cannot be detected on PCG
or LH MR spectroscopy. Diffusion tensor imaging verifies
the fiber tract lesion on this group of patients; therefore it can
be used to diagnose early Alzheimer’s disease.
KEY WORDS: Alzheimer´s disease, diffusion tensor imaging
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Left Hippocampus in the Evaluation of Alzheimer’s
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PURPOSE
To determine whether MR spectroscopy (MRS) of the posterior cingulate gyri (PCG) and left hippocampus (LH) can be
used to assess Alzheimer’s disease (AD) patients. To determine if MRS of PCG and LH detect early AD and if the
metabolic changes are proportional to the different disease
phases.
MATERIALS & METHODS
MR standard protocol and single voxel MRS of the PGC and
LH were performed in 56 patients (19 men, 37 women; mean
age 72 years) with memory impairment and 19 controls (8
men, 11 women; mean age 68 years) on a 1.5 T clinical scanner (Siemens, Germany). Three groups were established
based on the Mini Mental Score Examination (MMSE): mild
cognitive impairment group (MMSE 27-30), possible AD
group (MMSE 24-26), and probable AD group (MMSE 023).
RESULTS
Increase of mI/Cr on PCG MRS (p = 0.069) was demonstrated when probable AD group (mI/Cr = 0.74 ± 0.17) was
compared to controls (mI/Cr = 0.65 ± 0.13). There is significant difference (p = 0.013) between MCI (mI/Cr = 0.64 ±
0.10) and possible AD (mI/Cr = 0.62 ± 0.13) when compared
to probable AD (mI/Cr = 0.74 ± 0.17). No difference was
noted among controls, MCI, and possible AD groups, showing that on early disease there was no change in metabolic
ratios. These changes could be characterized only on
advanced disease. No significant difference was noted on
Naa/Cr on PCG MRS among the groups. As demonstrated
for mI/Cr, Co/Cr was noted to be different among the groups
only on advanced disease. There is statistically significant
difference when controls and MCI are compared to probable
AD (p = 0.002). The control and MCI groups have similar
ratios, as possible and probable AD groups. No significant
difference was noted on any metabolic ratios on LH MRS.
CONCLUSION
Significant metabolic ratio differences are noted on PCG
MRS only on advanced disease. No significant metabolic
ratio differences were demonstrated on LH MRS, probably
because of technical difficulties in analyzing this region. The
advent of new MR technical facilities is necessary to
improve local magnetic fields homogeneity and, therefore,
provide a better quality of MRS of the hippocampus.
KEY WORDS: Alzheimer´s disease, MR spectroscopy
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CONCLUSION
The involvement of the corpus callosum may be explained
by wallerian degeneration of neurons that pass through the
MS plaques and then cross the midline brain through the corpus callosum and by unapparent demyelinization process.
These results suggest that DTI may represent a more accurate MR imaging method of determining the extent of the
demyelinating process in MS patients, supporting the
hypothesis that the extension of involvement is outward to
the MS plaques.
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Assessment of Arteriovenous Malformations in Eloquent
Areas with Diffusion Tensor Imaging, Diffusion
Tractography and Functional MR Imaging

Less Tissue Injury on Diffusion Tensor Imaging in
Benign Multiple Sclerosis

da Cruz, L. H.1 · Domingues, R. C.1 · Domingues, R. C.1 ·
Domingues, F. S.2 · de Souza, J. M.2
1

CDPI - Multi-Imagem Ressonancia, Rio de Janeiro,
BRAZIL, 2HUCFF - UFRJ, Rio de Janeiro, BRAZIL
PURPOSE
To assess the relationship between arteriovenous malformations (AVM) with eloquent areas and the main fiber tracts.
To determine whether diffusion tensor imaging (DTI), diffusion tractography (DT), and functional MR imaging (fMRI)
can help in the preoperative planning of AVMs.
MATERIALS & METHODS
We prospectively analyzed 11 patients with AVMs (7
women, 4 men, mean age of 32.7 years) which were located
in eloquent areas: sensorimotor and visual cortices. All
patients underwent DTI and conventional MR imaging
exams performed in a 1.5 T clinical scanner (Siemens,
Germany). Blood oxygen level-dependent (BOLD) fMRI
was performed to identify the sensorimotor and visual cortices. Diffusion tensor imaging and DT were performed
using a single-shot spin-eco echo-planar sequence applied in
12 different directions. Fractional anisotropic (FA) colorcoded maps and diffusion tractography were generated from
the DTI data through the DTI-Task Card software (MGH,
Boston, USA). A neuroradiologist blinded for clinical findings analyzed all the exams, to determine whether or not the
main fiber tracts were involved by the AVMs, and also to
determine the type of involvement: disrupted or displaced.
The relationship between AVMs and eloquent areas was
defined also.
RESULTS
The AVMs were located mostly in the fronto-parietal region
in six patients and in five patients in the occipital lobe.
Diffusion tensor imaging and DT showed involvement of the
main fiber tracts in nine patients (6 cortico-spinal tract, 3
visual tract). The cortico-spinal tract was dislocated in all
cases and disrupted in only two cases. The visual tract was
dislocated in all three cases, in which an involvement was
observed. BOLD fMRI was not possible to be done in four
patients due to technical problems and motion artifacts. In
three patients, a close relationship between the AVM and the
visual cortex was demonstrated, and in four patients there
was activation of the sensorimotor cortex adjacent to the
lesion.
CONCLUSION
Diffusion tensor imaging, DT, and fMRI were able to identify not only eloquent cortical and white matter areas, but also
to depict the involvement of those eloquent areas. Despite
some technical limitations, these new methods seem to provide useful local information about the structures near the
AVM, optimizing the surgical procedures. Therefore, these
new techniques can play an important role in the management and prognosis of patients with AVMs.
KEY WORDS: AVM, diffusion tensor imaging, functional
MR imaging

Ge, Y. · Papadaki, E. · Law, M. · Herbert, J. · Jaggi, H. ·
Grossman, R. I.
New York University School of Medicine
New York, NY
PURPOSE
Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease that is heterogeneous in terms of clinical
course. This study is performed to characterize a specific
group of patients who were diagnosed with clinically definite MS, but have experienced a benign course for over 10
years, using diffusion tensor imaging (DTI). Our hypothesis
is that benign MS has less tissue injury compared with
patients who have a typical relapsing-remitting course.
MATERIALS & METHODS
Nine patients with clinically definite MS (8 female and 1
male; mean age: 46.5 ± 5.6 years) who have a benign course
without relapse of disease for over 10 years (mean: 14.6
years) were included for this study. They have relatively
lower disability (Expanded Disability Status Scale score <
2.0). For comparison, 11 MS patients with classic relapsingremitting course (10 female and 2 male; mean age: 45.1 ±
6.3 years) with mean disease duration of 5.8 years and 9 agematched healthy controls (6 female and 3 male; mean age:
44.9 ± 6.8 years) were also studied. Diffusion tensor imaging (TR/TE: 6100/82; FOV 220 mm2, matrix128 x 128, 3
mm thickness) was performed on 3 T for each subject after
conventional T1- and T2-weighted imaging. The fractional
anisotropy (FA) and apparent diffusion coefficient (ADC)
values were calculated from regions of interest (ROIs)
placed in three subregions of corpus callosum (CC), including anterior CC, middle CC (body), and posterior CC on the
raw images with b = 0. Each subregion of CC may contain
four to six ROIs on three contiguous slices, which covered
the genu, body, and splenial CC in each subject of all three
groups. The ROIs in patients were obtained in normalappearing CC tissues and excluded lesions.
RESULTS
Across all the regions of normal appearing CC, benign
patient group had significantly lower ADC (mean: 0.88 ±
0.06) and higher FA (mean: 0.71 ± 0.04) compared with
patient group with RRMS (mean ADC: 0.93 ± 0.07, mean
FA: 0.67 ± 0.05; respectively) (p < 0.01). Both patient
groups showed significant differences of ADC and FA compared with control group across all the regions (p ≤ 0.007);
however, no significant difference of ADC was found in
anterior CC region between benign MS and control group.
CONCLUSION
Since CC is the most common site that is involved in MS, the
DTI measurements in this study indicate less tissue injury in
areas of normal appearing CC in patients with benign MS.
These findings are in accordance with our hypothesis and
support the stable and benign clinical observations in these
patients.
KEY WORDS: Multiple sclerosis, diffusion tensor imaging,
benign

Posters.qxp

3/9/2006

11:29 AM

Page 285

285
Poster 29
Focal Transient Lesions in Splenium of the Corpus
Callosum

Hacettepe University
Ankara, TURKEY
PURPOSE
Focal lesions in the splenium of the corpus callosum (SCC) are
rare and little is known about their etiology and pathogenesis.
The lesions have been observed in patients with a wide range
of clinical conditions including epilepsy, encephalitis, toxicmetabolic syndromes, ischemia, diffuse brain injury, acute
cerebellitis. Withdrawal of antiepileptic drugs and seizures are
the most common etiology. In this study, our purpose was to
evaluate radiologic features and fate of these lesions. We also
aimed to determine clinical significance of the lesions for treatment planning and follow up of the patients.
MATERIALS & METHODS
Six patients identified with a focal lesion in the SCC were
evaluated. All patients were examined with a routine brain
protocol including diffusion-weighted (DWI) (TR/TE;
2800/78 ms; matrix: 256 x 256; b of 0,500, 1000 s/mm², diffusion gradients applied along three orthogonal axes) on either
1.5 T (Siemens, Symphony, Erlangen, Germany) or 3 T
(Siemens, Allegra, Erlangen, Germany). All patients were followed by neurologic examination and MR imaging. Apparent
diffusion coefficient (ADC) values also were calculated.
RESULTS
The etiological factors that can be found were seizure in two,
encephalitis in one, acute ischemia in one, and toxic-uremic
syndrome in one patient. One patient had an unknown etiology. MR imaging showed focal hypointensity on T1- and
hyperintensity on T2-weighted imaging with a relatively
well defined margin. Lesions were confined to the SCC in all
cases. Restricted diffusion on MR imaging was a consistent
DWI finding at the time of admission in all cases. A progress
to increased ADC value with total normalization/resolution
at 1-month follow-up MR imaging including DWI.
CONCLUSION
Focal lesions with restricted diffusion in the SCC were transient and resolved completely in all patients in this study.
Although the number of patients is limited, our findings show
that these lesions do not reveal necessarily callosal deficits.
KEY WORDS: Diffusion-weighted imaging, corpus callosum
Poster 30
A Cluster of Posterior Reversible Encephalopathy
Syndrome

MATERIALS & METHODS
Six patients diagnosed with PRES at Cedars-Sinai Medical
Center from 8/22/05 to 10/21/05 were included in the study.
Each patient’s detailed clinical history and CT/MR imaging
findings were reviewed carefully.
RESULTS
Headaches were the most common initial complaint, with
five of the six patients characterizing it as severe. Four of the
six patients had significantly elevated systolic and diastolic
blood pressures. Four patients presented with severe
headaches leading up to seizure episodes. Two of these
patients had recently given vaginal deliveries, their symptoms consistent with postpartum eclampsia. The third patient
presenting with seizures was a young girl with a history of
rapidly progressing glomerulonephritis (RPGN). The fourth
was a patient with a history of lupus anticoagulant syndrome, who recently had been on high-dose steroid therapy
for adrenal insufficiency. The remaining two patients did not
suffer from seizures. One of these patients was a young male
on chronic immunosuppresive therapy for long-standing systemic lupus erythematosus. He presented with severe
headaches, acute-onset blindness, and a low-grade fever. The
other patient was an elderly male on immunosuppresive therapy for a cardiac transplant, presenting with vertigo, incoordination, and headaches. Main radiologic findings were subcortical edema mostly involving the posterior parietal and
occipital lobes bilaterally, with variable involvement of the
frontal lobes and the cerebellar hemispheres. These areas of
edema were positive on diffusion-weighted images in two of
the patients. Notably, in the case of the young girl with
RPGN, a small amount of subarachnoid hemorrhage was
present in the bifrontal convexities and the quadrigeminal
cistern. Furthermore, in addition to the subcortical edema in
the parietal/occiptal lobes, high T2 signal was visualized in
the bilateral thalami, basal ganglia, and internal capsule. To
our knowledge, subarachnoid hemorrhage associated with
PRES has not been described previously.
CONCLUSION
Although these six cases of PRES presented to our institution over a short period of time, the clinical presentation and
etiology were varied. Headaches, seizures, and hypertension
were the most common clinical findings. The etiologies of
PRES in these patients were related to postpartum eclampsia, immunosuppressive therapy, renal failure, and systemic
lupus erythematosus. Regardless of the clinical presentation
and etiology, the neuroimaging characteristics were similar
in most of the cases, with bilateral posterior parietal-occipital subcortical edema being the main feature. However, one
case demonstrated an additional finding of a subarachnoid
hemorrhage, which has not been recognized previously as a
complication of PRES.
KEY WORDS: Encephalopathy, reversible, PRES

Lee, D. · Moser, F. · Pressman, B. · Maya, M. · Reiner, D.
Cedars Sinai Medical Center
Los Angeles, CA
PURPOSE
To investigate the clinical presentation, etiology, and neuroimaging findings of posterior reversible encephalopathy

Posters

Karli Oguz, K. · Sevgi Demirci, E. B. · Cila, A.

syndrome (PRES) cases diagnosed at our institution within a
2-month period of time.
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Structural Changes of the Corpus Callosum in Mild
Cognitive Impairment and Early Alzheimer’s Disease

Comparison of Direct and Indirect Measurement of
Hippocampal Volume in Patients with Mild Cognitive
Impairment and Alzheimer’s Disease Using MR Imaging

Giesel, F. L.1 · Philipp, T.2 · Wuestenberg, T.3 · Seidl, U.2 · von
Tengg-Kobligk, H.1 · Schroeder, J.2 · Essig, M.1
1

German Cancer Research Center (DKFZ), Heidelberg,
GERMANY, 2University of Heidelberg, Heidelberg,
GERMANY, 3University of Goettingen, Heidelberg,
GERMANY
PURPOSE
Although previous studies demonstrate a significant atrophy
of the corpus callosum (CC) in patients with Alzheimer’s
disease (AD), CC alterations in mild cognitive impairment
(MCI) have not been investigated yet.
MATERIALS & METHODS
In the present MR imaging study 21 subjects with MCI, 10
with AD, and 21 healthy controls were enrolled. In the midsagittal T1-weighted slice the CC was divided into five parts
and traced manually. Additionally voxel-based morphometry
(VBM) was performed.
RESULTS
As expected the CC (Fig 1a-b) was significantly smaller in
patients with AD compared to healthy controls in both manually tracing and VBM (Fig 2). The atrophy was prominent
in rostral parts of the CC. In MCI subjects the two rostral CC
segments were smaller compared to controls when manually
traced. In contrast, VBM revealed no significant difference
between MCI and controls.

CONCLUSION
Manual tracing was more sensitive in detecting discrete
structural CC changes than VBM. Alterations of the CC in
MCI rank in between normal aging and AD, supporting the
hypothesis that MCI may represent a preclinical stage of AD.

Giesel, F. L.1,2 · Hahn, H. K.1 · Thomann, P.1 · Wignall, E.2 ·
von Tengg-Kobligk, H.1 · Schroeder, J.1 · Pantel, J.3 ·
Griffiths, P. D.2 · Essig, M.1
1

German Cancer Research Center (DKFZ), Heidelberg,
GERMANY, 2University of Sheffield, Sheffield, UNITED
KINGDOM, 3University of Frankfurt, Frankfurt, GERMANY
PURPOSE
Psychopathologic symptoms and cognitive deficits are the
primary outcome measure for therapeutic trails in geriatric
psychiatry. Objective quantification of brain structure can
additionally aid diagnosis and therapeutic monitoring. In this
study we aimed to compare direct and indirect quantification
approaches for hippocampal formation changes in patients
with mild cognitive impairment (MCI) and Alzheimer’s disease (AD). Direct quantification was done by manual tracing
(Pantel et al. 2003) of the hippocampus and indirect measurement was performed by semiautomated temporal horn
volume (THV) (Hahn et al. 2004).
MATERIALS & METHODS
Ten volunteers (age 66 years +/-1), ten patients with MCI
(age 66 years +/-1), and eight with AD (age 64 years +/-10)
were enrolled. All subjects completed a battery of cognitive
tests and were imaged at 1.5 T (Vision, Siemens, Germany;
T1-weighted coronal TR = 4 ms, flip = 13°, FOV = 250 mm,
Matrix = 256 x 256, 128 contiguous slices, 1.8 mm). Direct
(Fig 1, blue areas) measurement of the hippocampal formation was done by manual tracing, while indirect THV (Fig 1,
green areas) was calculated using a watershed algorithmbased software package (MeVisLab, MeVis, Germany).
Postprocessing time with the direct methods was approximately 1.5 hours and with indirect methods less than 3 minutes.
RESULTS
Successful direct and indirect quantification was performed
on all subjects (Fig. 2). A significant difference was found
between controls and AD patients (p < 0.001) for both methods. Group analysis showed a slight, but not significant
decrease of hippocampal volume and increase in THV for
MCI patients compared to volunteers (p < 0.07). Significant
correlation (p < 0.001) of direct and indirect methods was
found.

KEY WORDS: Corpus callosum, Alzheimer´s disease, MR
imaging

CONCLUSION
The direct and indirect approach for hippocampal structural
changes seems to be equivalent to observe difference in
patients with cognitive decline. However, manual tracing is
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very labor intensive and difficult to introduce in clinical
workflow, while the indirect methods seem to be applicable
in clinical environments in diagnosis and monitoring of disease status in geriatric patients.
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KEY WORDS: Alzheimer’s disease, hippocampus, temporal
horn volume
Poster 33
Monitoring of Cerebral Dysfunction during Working
Memory Performance in First-Episode Schizophrenic
Patients
Giesel, F. L.1,2 · Seidl, U.3 · Hohmann, N.3 · Wuestenberg, T.4
· Blesch, C.1 · Schroeder, J.3 · Essig, M.1
1

German Cancer Research Center (DKFZ), Heidelberg,
GERMANY, 2University of Sheffield, Sheffield, UNITED
KINGDOM, 3University of Heidelberg, Heidelberg, GERMANY, 4University of Goettingen, Goettingen, GERMANY
PURPOSE
Previous functional MR imaging (fMRI) studies using the
“n-back paradigm” as a visuo-spatial working memory task
demonstrated that performance and cerebral activation may
depend on many factors, such as training effects, age and
clinical status (Manoach et al., 2003; Hempel et al., 2004).
To investigate the stability of activation changes in schizophrenia, we compared the fMRI-BOLD-response and performance in patients with first-episode schizophrenia and
controls at baseline and at a 2-week follow up.
MATERIALS & METHODS
Five patients with first-episode schizophrenia (DSM-IV) and
seven healthy controls matched for age, gender, and education were enrolled. The patients received neuroleptic treatment and were in partial remission. The participants performed the “n-back” task on two occasions within 14 days.
“0-”, “1-” and “2-back” tasks were presented in random
order four times with a cross as resting condition in between.
We used a 1.5 T MR scanner with standard head coil and a
GE-EPI sequence (matrix = 128 x 128 x 15, FOV = 240 x
240 mm, TR = 4500 ms, TE = 54 ms). Images were analyzed
using SPM99. Activated voxels were identified by the
“General Linear Model” approach.
RESULTS
Performance in the n-back task was significantly lower in
patients than controls and remained stable on both occasions.
However, patients showed a slight improvement in psychopathologic symptoms. On both occasions, the controls
showed also a rather stable activation pattern involving bilateral frontal inferior/medial gyrus (IFG/MFG), intraparietal
sulcus (IPS) and anterior cingulate gyrus (GCa) in the “2-” vs
“0-back” contrast. At baseline, patients presented with a
markedly decreased activation compared to controls, with a
left hemispheric dominance in IFG/MFG and IPS. After 2
weeks, the activation increased and the patients showed a similar activation pattern as the healthy controls in the 2- vs 0back contrast, despite a slight difference in the frontal areas.

CONCLUSION
In functional MR imaging, the cerebral activation patterns
during performance of a working memory task remained stable in healthy controls. In comparison, schizophrenic
patients initially showed a marked reduction of activation in
the IFG/MFG with a lateralization towards the left hemisphere, this “hypofrontal” activation pattern resolved during
follow up. Obviously, these findings refer to potential effects
of practice and clinical stabilization and demonstrate that
these factors should be considered carefully in fMRI studies.
KEY WORDS: Functional MR imaging, schizophrenia, monitoring
Poster 34
Regional Brain Matter Loss in Chronic Obstructive
Pulmonary Disease
Giesel, F. L.1,2 · Zaporozhan, J.1 · Ley, S.1 · Eichinger, M.1 ·
Kauczor, H.1 · Blesch, C.1 · Griffiths, P. D.2 · Essig, M.1
1
German Cancer Research Center (DKFZ), Heidelberg,
GERMANY, 2University of Sheffield, Sheffield, UNITED
KINGDOM

PURPOSE
Patients with chronic obstructive pulmonary disease
(COPD) experience oxygen deprivation for prolonged periods and thus might affect the condition of gray and white
matter tissue. Therefore we investigated structural changes
of patients with COPD compared to age-matched controls.
MATERIALS & METHODS
Sixteen subjects (8 patients with COPD and 8 healthy controls), had a high-resolution T1-weighted volume imaging to
evaluate potential neural damage. SPM02 was used for
voxel-based morphometry undergoing skull stripping, linear
normalization (12 affine transformation) and spatial smoothing of the group specific template (Gassuion kernel, FWHM
= 8 mm). Statistical analysis was calculated using a twosample t-test within segments and between groups.
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RESULTS
All 16 subjects were quantified using voxel-based morphometry and in the group analysis diseased vs control subjects presented a significant brain degeneration of gray matter losses predominant in the left hemisphere: intraparietal
sulcus, inferior frontal gyrus, and basal ganglia (putamen
and thalamus). Right hemisphere presented only gray matter
loss of diseased patients in the inferior frontal gyrus.

CONCLUSION
These initial results presented gray matter losses during
long-term chronic hypoxemia.
KEY WORDS: MR imaging, VBM, COPD
Poster 35
Pattern of Decreased Cerebral Blood Flow in Patients
with Amyotrophic Lateral Sclerosis: Evaluation by
Three-Dimensional Stereotactic Surface Projections
Using 123I-IMP SPECT

of bulbar palsy, dementia, brain atrophy and abnormal signal
intensity of the pyramidal tract on MR imaging. In addition,
the CBF abnormality was assessed topographically using
stereotactic extraction estimation (SEE) analysis programs.
RESULTS
Seven (28%) and five (20%) of the 25 patients had mild
(HDS-R ≤25) and moderate (HDS-R ≤20) cognitive impairment expressed by HDS-R, respectively. In the group with
dementia (n = 12), 3D SSP showed marked decreases in CBF
for bilateral fronto-temporal regions as compared to the
group without dementia (n = 13). Cerebral blood flow in
almost the same region was decreased also in the atrophy
group (n = 12) as compared to the group without atrophy (n
= 13). There were no significant intergroup difference of Zscore based on age, sex, duration of symptom, presence of
bulbar palsy and abnormal signal intensity of the pyramidal
tract on MR imaging. On the SEE analysis, according to the
anatomical classifications, severe CBF decrease (Z-value
≥2.0) were observed in the group with dementia, in the
regions of base of the bilateral frontal lobe (inferior frontal,
orbital and rectal gyrus) and bilateral temporal lobe-limbic
systems (superior and inferior temporal gyrus, anterior cingulate gyrus and uncus). Z-score maps clearly depicted
regions of decreased CBF in patients with dementia or brain
atrophy.
CONCLUSION
Bilateral fronto-temporal hypoperfusion was observed in
ALS patients with dementia and brain atrophy. Likewise the
other neuropsychiatric disorders such as Alzheimer’s disease, Z-score maps using 3D SSP of 123I-IMP SPECT are feasible to depict pattern of decreased CBF in ALS patients with
dementia or brain atrophy.
KEY WORDS: Amyotrophic lateral sclerosis, three-dimensional stereotactic surface projections, dementia

Sakuma, I. · Tomura, N. · Otani, T. · Takahashi, S. · Sasaki,
K. · Watarai, J. · Toyoshima, I.

Poster 36

Akita University School of Medicine
Akita City, JAPAN

Decreased Thickness of Primary Motor Cortex in
Primary Lateral Sclerosis

PURPOSE
Amyotrophic lateral sclerosis (ALS) is the most common
form of motor neuron disease in which the intellect usually
is unaffected. However, ALS patients with dementia have
been recognized as a small subset of ALS recently. The purpose of this study was to semiquantitatively analyze patterns
of cerebral blood flow (CBF) abnormality in patients with
ALS using three-dimensional stereotactic surface projections (3D SSPs).
MATERIALS & METHODS
Subjects comprised 25 patients with ALS. All patients underwent MR imaging to rule out the possibility of the organic
lesions such as the cerebral infarction and brain tumors.
Mental status was evaluated using the revised Hasegawa
Dementia Scale (HDS-R). Cerebral blood flow was assessed
using N-isopropyl-123-p-iodoamphetamine (123I-IMP)
SPECT. Mapping of Z-score (Z-score = (mean pixel count
for normal group)-(pixel count for patient)/(SD for normal
group) for decreased CBF was semiquantitatively analyzed
using 3D SSP software. Two intergroup comparisons were
conducted based on age, sex, duration of symptom, presence

Butman, J. A.1 · Floeter, M. K.2
1

Warren G. Magnuson Clinical Center, National Institutes of
Health, Bethesda, MD, 2National Institute of Neurological
Disorders and Stroke, National Institutes of Health,
Bethesda, MD
PURPOSE
To demonstrate selective thinning of the primary motor cortex in patients with primary lateral sclerosis (PLS). Primarly
lateral sclerosis (PLS) is a syndrome of slowly progressive
spasticity of unknown cause. Degeneration of the corticospinal tract has been shown pathologically, possibly
accompanied by loss of neurons in the motor cortex. We
measured the thickness of primary motor cortex by MR
imaging to determine whether loss of motor cortical neurons
is a distinguishing feature of PLS.
MATERIALS & METHODS
Seven right-handed patients (age = 54 ± 8 years, disease
duration 5-17 years, 3 male , 4 female) with PLS diagnosed
using the working criteria of Pringle and seven age-matched
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RESULTS
In the normal controls, PMC was more than twice as thick as
S1 (Table 1), but was only ~ 1.7 times as thick in the PLS
patients. This was due to a significant reduction in thickness
of motor cortex by ~ 20% (Table 1 column 1). No difference
in cortical thickness was seen between the PLS patients and
controls in S1 or the banks of the preCS.
Table 1. Cortical thickness in mm
PMC

S1

PMC/S1

preCS
anterior

preCS
posterior

control

2.79±0.18

1.34±0.11

2.10±0.28

2.48±0.15

2.34±0.12

PLS

2.32±0.21

1.49±0.23

1.58±0.22

2.44±0.19

2.26±0.18

P value

0.0008

0.68

0.32

0.15

0.0022

MATERIALS & METHODS
Twenty-two patients (16 female, 6 male, aged 20-56 years,
mean 39.7 years) and 21 healthy controls (16 female, 3 male,
aged 22-59 years, mean 42.2 years) were evaluated. All subjects underwent similar baseline procedures, including selfreport questionnaires, standard labs, and pain pressure testing. All subjects had a pre and postcontrast-enhanced conventional brain MR imaging at one time point. In addition, a
diffusion-weighted image was obtained using a single-shot
spin-echo EPI technique with a b-value of 1000s/mm2. The
nondiffusion-weighted T2 images were masked by hand to
remove nonbrain tissue as well as to remove the cerebellum
from analysis. In addition SPM99 was used to segment the
T2 images into gray matter, white matter, and CSF probability maps. These maps then were subsequently thresholded at
a value of 0.65 to produce binary masks of gray matter, white
matter. Histogram analysis was performed as follows:
whole-brain histograms only including those voxels in brain
as defined by the hand-drawn masks were calculated. These
distributions were normalized to unity and then combined
across subjects to produce group ADC distributions shown in
Fig 1A. Error bars were calculated from the standard deviation across subjects. Gray matter masks in conjunction with
the hand-drawn masks (to exclude cerebellum) were used to
calculate the unit normalized gray matter histogram of Fig
1B. White matter masks in conjunction with the hand-drawn
masks were used to calculate the unit normalized white matter histogram of Fig 1C.

No correlation between cortical thickness and duration of
disease was found.
CONCLUSION
The diagnosis of PLS is based on clinical grounds, as MR
imaging findings are essentially normal. We have shown that
a reduction in the gray matter of the motor cortex is a manifestation of PLS, and that this reduction is readily demonstrable by MR imaging. Cortical thickness measurements in
other diseases involving the motor system will be needed to
determine the specificity and clinical utility of this finding.
KEY WORDS: Central sulcus
Poster 37
Diffusion-Weighted Imaging in Fibromyalgia: A Whole
Brain Histogram Analysis

A
B
C
Figure 1. Histogram analysis of fibromyalgia patients and
normal controls. A) Histogram all all brain areas. B)
Histogram of voxels containing gray matter. C) Histogram of
voxels containing white matter.
RESULTS
No ADC differences were found between fibromyalgia and
healthy controls. The histograms illustrate that besides the
whole brain ADC distributions are essentially identical, that
a further analysis by tissue type (gray matter and white matter) does not reveal any differences either.
CONCLUSION
This study did not identify any significant differences in
apparent diffusion coefficient between fibromyalgia and
healthy controls.
KEY WORDS: Fibromyalgia, diffusion, histogram

Welsh, R. C. · Mehrotra, N. · Petrou, M. · Clauw, D. J. ·
Foerster, B. · Sundgren, P. C.
University of Michigan
Ann Arbor, MI
PURPOSE
To investigate differences in diffusion properties [apparent
diffusion coefficient (ADC)] in the brain of individuals with
fibromyalgia and normal controls.

Posters

controls were consented to 3.0 T MR imaging under an IRB
approved protocol. For cortical thickness measurement, a
real reconstruction of a T1-weighted STIR sequence was
obtained. Geometric parameters were 5 mm thickness, 1 mm
gap, 22 cm FOV, 400 x 320 matrix interpolated to 512².
Contrast parameters were: TR 4552, TE 15, TI 400, ETL 5,
NSA 1 for an imaging time of 4:01. Care was taken to align
the axial scan plane to be parallel to that defined by the anterior and posterior commissures. Measurements were made
on an axial section at the level of the hand knob using digital calipers on a PACS workstation. Cortical thickness was
measured with digital calipers at 4 sites: (1) the primary
motor cortex (PMC) corresponding to the anterior bank of
the central sulcus (CS), (2) the primary sensory cortex (S1)
corresponding to the posterior bank of the CS, (3) the anterior, and (4) posterior banks of the precentral sulcus (preCS).
At least 5 measurements at each site extending along at least
one cm of cortical length were obtained. These measurements were averaged and compared to the measurements in
the control group by paired t-test.
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Reduced Perfusion Reserve
Leukoaraiosis Demonstrated
Challenge 123I-IMP-SPECT

in
by

Patients with
Acetazolamide

CONCLUSION
The present study elucidated that perfusion reserve
decreased in patients with leukoaraiosis showing confluent
or diffuse lesion.
KEY WORDS: Leukoaraiosis, cerebral blood flow, SPECT

Tomura, N. · Sasaki, K. · Kidani, H. · Nishii, T. · Yasuda, K.
· Otani, T. · Sakuma, I. · Takahashi, S. · Watarai, J.
Akita University School of Medicine
Akita, JAPAN
PURPOSE
To evaluate perfusion reserve in patients with leukoaraiosis
(LA), we studied the relationship between perfusion reserve
measured by acetazolamide (ACZ) challenge single-photon
emission CT using N-isopropyl-I-123-p-iodoamphetamine
(IMP-SPECT) and the degree of LA estimated on MR imaging.
MATERIALS & METHODS
In consecutive patients who underwent measurement of
cerebral blood flow (CBF) using IMP-SPECT in the resting
state and after acetazolamide (ACZ) challenge, 61 cerebral
hemispheres in 51 patients were included in the present
study. Their MR imaging showed normal finding or
leukoaraiosis, and MR angiography showed normal finding.
Leukoaraiosis on T2-weighted MR images was graded into
0–2: 0 = no evidence of LA; 1 = punctate abnormal hyperintensity in periventricular white matter; 2 = confluent or diffuse abnormal hyperintensity in periventricular white matter.
The quantitated CBF images were acquired according to
IMP autoradiographic method. For ACZ challenge IMPSPECT, 1000 mg of ACZ was administered intravenously 10
min prior to the injection of IMP. A square region of interest
(ROI), 18.7 x 18.7 mm2 in size, was located in the cerebral
cortical areas and in the central gray matter including the
thalamus and basal ganglionic region. Acetazolamide reactivity in each ROI was calculated using the following equation: Cerebral blood flow during ACZ challenge/CBF in the
resting state. Mean CBF values in the whole brain, frontal,
parietal, temporal, occipital, basal ganglionic regions, and
thalamus were obtained in each patient. The relationship
between vasoreactive response and the grades of leukoaraiosis was studied. Absolute CBF value and ACZ reactivity
were compared among patients with LA 0, 1, and 2.
Relationship between the mean age and LA grade was
assessed also. Statistical analysis was performed by using
the Scheffe’s F method after one factor ANOVA.
RESULTS
The patients were classified into 27 cerebral hemispheres
with LA grade 0, 12 with grade 1, and 22 with grade 2. There
was no significant difference in mean age among grade 0
(mean ± ;S.D. = 65.4 ± ;7.1), grade 1 (70.1 ± ;6.4), and grade
2 (71.2 ± ;8.9). There was no significant difference in
absolute CBF value in the resting state among leukoaraiosis
grades 0 (31.8 ± ;7.6), 1 (30.1 ± ;10.9), and 2 (27.4 ± ;12.1).
Although vasoreactivity of the whole brain in leukoaraiosis
grade 0 (1.5 ± ;0.20) did not differ from that in grade 1 (1.47
± ;0.19), vasoreactivity of the whole brain in leukoaraiosis
grade 2 (1.24 ± ;0.13) significantly differed from that in
grade 0 or 1 (p < 0.001). Vasoreactivity in each cerebral lobe
as well as in the central gray matter in leukoaraiosis grade 2
also significantly differed from that in grade 0 or 1.

Poster 39
Reversible Splenial Lesion with Restricted Diffusion in a
Wide Spectrum of Diseases and Conditions: Report of
Eight Further Cases
Maeda, M.1 · Terada, H.2 · Oba, H.3 · Nakaji, S.4 · Nakamura,
H.4 · Machida, T.5 · Tsunoo, M.2 · Takeda, K.1 · Takanashi, J.6
· Tsukahara, H.7
1

Mie University School of Medicine, Tsu, JAPAN, 2Toho
University School of Medicine, Tokyo, JAPAN, 3Teikyo
University School of Medicine, Tokyo, JAPAN, 4St.
Marianna University School of Medicine, Kanagawa,
JAPAN, 5NTT East Kanto Medical Center, Tokyo, JAPAN,
6
Kameda Medical Center, Chiba, JAPAN, 7Fukui University,
Matsuoka, JAPAN
PURPOSE
Reversible lesion in the central area of the splenium of the
corpus callosum (SCC) is a unique phenomenon that is
reported particularly in patients with encephalitis or
encephalopathy (1, 2) and in patients with or without epilepsy receiving antiepileptic drugs (AED) (3). The purpose of
this study was to describe the MR imaging findings, clinical
courses, and outcomes in eight patients with various diseases
and conditions.
MATERIALS & METHODS
Eight patients with a reversible SCC lesion with transiently
restricted diffusion were reviewed retrospectively. Diseases
and conditions that were associated with a reversible lesion
included epilepsy receiving AED (n = 1), seizure from
eclampsia receiving AED (n = 1), mild infectious encephalitis (n = 2), hypernatremia (160 mEq/l) resulting in osmotic
myelinolysis (n = 1), and neoplasm (n = 3) such as acute
lymphocytic leukemia, melanocytoma, and esophageal cancer. In the patient with esophageal cancer, 5-fluorouracil (5FU) was likely to be causative because the patient’s symptoms were observed after induction of 5-FU and recovered
after the withdrawal of 5-FU in accordance with the MR
imaging findings changes. However, we inferred no
causative conditions for reversible SCC lesions in other two
patients with neoplasm. The MR imaging findings and clinical findings of these eight patients were evaluated.

RESULTS
Seven patients had isolated SCC lesions; one patient with
osmotic myelinolysis showed additional parenchymal
lesions. The reversible SCC lesion shape was oval (n = 6) or
extended (n = 2). The mean apparent diffusion coefficient
(ADC) value of the splenial lesion was 0.40 + 0.16 × 10-3
mm2/s, ranging from 0.22 to 0.64 × 10-3 mm2/s (lateral area
of normal splenium; 0.74 + 0.11 × 10-3 mm2/s). In the patient
with osmotic myelinolysis, additional white matter lesions,
shown as restricted diffusion, were revealed as not reversible
on follow-up MR imaging. Neurologic courses and out-
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comes were good (complete recovery within 1 month) in
seven patients with isolated SCC lesions, but poor (vegetative state) in one patient with osmotic myelinolysis.
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CONCLUSION
Reversible SCC lesion with restricted diffusion is apparent
in a wide spectrum of diseases and conditions. Neurologic
courses and outcomes are good, particularly in patients with
isolated SCC lesions. Knowledge of MR imaging findings
and the associated spectrum of diseases and conditions might
prevent unnecessary invasive examinations and treatments.
REFERENCES
1. J Comput Assist Tomogr 2002;26:825-828
2. AJNR Am J Neuroradiol 2004;25:798-802
3. Eur Radiol 2003;13:1902-1906

KEY WORDS: Corpus callosum, splenium, diffusion-weighted
imaging
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Chemical Shift Imaging of Central Neurocytoma on H1
MR Spectroscopy
Krishnamoorthy, T. · Radhakrishnan, V. V. · Thomas, B. ·
Jayadevan, E. R. · Gupta, A. K. · Menon, G.
Sree Chitra Tirunal Institute for Medical Sciences and
Technology
Trivandrum, INDIA
PURPOSE
Metabolic profile of central neurocytomas has been identified mainly with single voxel proton MR spectroscopy
(SVS). Single voxel proton MR spectroscopy has demonstrated a specific peak at 3.55 ppm with intermediate and
long echo times. This peak has been assigned to glycine in
the literature. We tested whether chemical shift imaging
(multivoxel proton MR spectroscopy) demonstrated similar
metabolic profile.
MATERIALS & METHODS
Three patients with central neurocytoma of lateral ventricle
were assessed prospectively with chemical shift imaging
(CSI) after routine sequences. Of the three patients two were
female and one was a male. Their age range was 24 to 30
years with a mean of 27 years. Chemical shift imaging was
performed on 1.5 T MR unit with PRESS sequence using
echo time of 30 and 135 milliseconds. Postprocessing steps
were performed automatically to improve the spectrum.
Following surgery, synaptophysin staining was performed in
all three cases.
RESULTS
All three cases demonstrated high choline peak, high
Cho/NAA and Cho/Cr ratios. Echo time 30 and 135 milliseconds both demonstrated glycine peak at 3.55 ppm in all
three cases. All three cases also demonstrated lactate peak.
Synaptophysin confirmed central neurocytoma in all three
cases.

CONCLUSION
Multivoxel proton spectroscopy can reliably identify central
neurocytomas by demonstrating glycine peak at 3.55 ppm.
This finding may be useful to differentiate this tumor from
other intraventricular tumors.
KEY WORDS: Central neurocytoma, proton MR spectroscopy, chemical shift imaging
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Microhemorrhages in Vestibular Schwannomas:
Prospective Study with T2*-Weighted Gradient-Echo
Sequence
Krishnamoorthy, T. · Radhakrishnan, V. V. · Thomas, B. ·
Gupta, A. K. · Nair, S. · Menon, G.
Sree Chitra Tirunal Institute for Medical Sciences and
Technology
Trivandrum, INDIA
PURPOSE
This prospective study has been done to demonstrate the
presence of microhemorrhages on T2 *-weighted gradientecho sequence in vestibular schwannomas. No study is available in the literature on MR demonstration of microhemorrhages in vestibular schwannomas. This finding may be
helpful in differentiating vestibular schwannomas from other
cerebellopontine angle tumors such as meningioma.

Posters.qxp

3/9/2006

11:30 AM

Page 292

Posters

292
MATERIALS & METHODS
From March 2005 to September 2005, 20 cases of cerebellopontine angle tumors were studied prospectively with T2*weighted gradient-echo (GRE) sequence apart from the routine T1- and T2-weighted sequences as well as contrast
enhancement. There were 10 males and 10 females in the age
range of 35 to 59 years with a mean of 48 years. The patients
were imaged using 1.5 T MR unit with head matrix coil. The
imaging parameters used for T2* GRE sequence were 600800/30/2/12° (TR/TE/Excitation/Flip angle). Images were
obtained with a matrix of 384 × 512. Five millimeter slice
thickness with one millimeter interslice gap was used with a
field of view of 230 × 230 mm. Microhemorrhages were
identified as hypointense dots on T2*-weighted GRE
sequence. CT scan was assessed in all cases and calcification
was excluded. There were 16 cases of vestibular schwannomas and 4 meningiomas. Of the 16 cases of vestibular
schwannomas, 14 underwent surgery and the diagnosis of
schwannoma was confirmed by histopathologic examination. One case with purely intracanalicular component and
one with both cisternal and canalicular component did not
undergo surgery. The slides were analyzed carefully for the
presence of hemorrhage. Fresh slides were made from the
same paraffin block in each case and Perl’s staining was carried out to identify the presence of hemosiderin all 14 cases.
RESULTS
Fifteen out of 16 cases of vestibular schwannomas demonstrated microhemorrhages on T2* GRE sequence (sensitivity 94%). In one case with purely canalicular component
microhemorrhages could not be identified since the tumor
was obscured by susceptibility artifacts. None of the 4
meningiomas showed microhemorrhages on T2*-weighted
gradient-echo sequence. Histopathology confirmed the MR
diagnosis of vestibular schwannomas in all 14 operated cases
of vestibular schwannomas. Fresh hemorrhage was identified on histopathologic examination in all 14 cases. Perl’s
staining identified the presence of pigments in 13 out of 14
cases (92.8%). The concentration of the intratumoral hemosiderin was maximum in one case of cystic schwannoma
with macroscopic hemorrhage and fluid level.
CONCLUSION
T2*-weighted GRE sequence of vestibular schwannomas
will demonstrate microhemorrhages in majority of vestibular
schwannomas. Schwannomas prone for large hemorrhage
are likely to demonstrate more hemosiderin staining.
Demonstration of microhemorrhages may be helpful to differentiate schwannomas from other cerebellopontine angle
tumors.
KEY WORDS: Microhemorrhage, vestibular, schwannoma
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3D SENSE Spectroscopic Imaging with Reduction
Factors in 3 Dimensions
Dydak, U.1 · Possanzini, C.2 · Kozerke, S.1 · Kruiskamp, M.2
· Luechinger, R.1 · Boesiger, P.1
1
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Philips Medical Systems, Best, THE NETHERLANDS

2

PURPOSE
Scan times of MR spectroscopic imaging (MRSI) can be
reduced significantly by using sensitivity encoding
(SENSE), as has been shown in the past (1). So far only
reduction factors of two have been used in two phase encoding dimensions, resulting in a fourfold total scan time reduction. In this work we show results of 2D (single slice) MRSI
with higher SENSE factors in two dimensions, as well as
first 3D SENSE MRSI data (20 x 20 x 12 voxels) with a
SENSE reduction factor of 2 in all three phase encoding
dimensions, using a 16-element coil.
MATERIALS & METHODS
All measurements were performed on a 3 T Philips Achieva
scanner using an experimental Philips 16-channel neurovascular coil. Single slice 2D MRSI measurements with 20 x 20
voxels were acquired in a healthy brain (TR = 1500 ms, TE
= 144 ms, FOV = 200 mm, 15 mm slice thickness, 1024 samples over 2000 Hz bandwidth). Different SENSE reduction
factors (2 x 2, 2 x 3, 3 x 2, 3 x 3) were compared to a measurement without SENSE. Three-dimensional SENSE MRSI
data in vivo and in phantoms were acquired covering 20 x 20
x 12 voxels. Slice thickness (voxel size) ranged from 5 mm
(0.5 ml) in vivo to 10 mm (1.5 ml) in vitro. In vivo a SENSE
reduction factor of 2 was applied only in two dimensions,
while it was applied in all three dimensions in the phantom,
resulting in a total reduction factor of 8. Using a spherical kspace shutter allowed to reduce the scan time by another factor of 2 compared to measurements without k-space shutter.
All other parameters were equal to the 2D measurements.
RESULTS
Scan time in 2D MRSI could be reduced from 9:16 minutes
(SENSE factor 1 x 1) to 2:24 min (2 x 2), 1:28 min (2 x 3
and 3 x 2) and to 53 s (3 x 3) by using sensitivity encoding
in two dimensions. While SNR of the data with SENSE factor of 3 x 3 was rather poor, spectra from in vivo 2D MRSI
measurements with SENSE factors up to 2 x 3 maintain an
adequate signal to noise ratio. No difference in quality was
found between using the higher reduction factor of the 2 x 3
measurements in anterior-posterior or left-right direction.
The 3D SENSE MRSI phantom data nicely demonstrates
that unfolding of the data was successful in all three dimensions. This measurement took only 9:16 min with SENSE
factors of 2 x 2 x 2 and 19:15 min with 2 x 2 x 1 instead of
~80 min (or even 160 min without k-space shutter) for a conventional 3D MRSI measurement covering an equal amount
of voxels.
CONCLUSION
Using coils with at least eight channels and different coil
sensitivities in all three dimensions allows investigating high
scan time reduction factors in SENSE spectroscopic imaging. Most importantly it enables real 3D SENSE MRSI using
SENSE reduction factors in all three phase encoding dimen-
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overestimated FA in isotropic regions with low SNR
(Pierpaoli et al, 1996). The noise in both FA and MD (Fig b,
c) was decreased from 1.5 T to 3.0 T.
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sions. Six or eightfold scan time reductions finally allow for
measurements covering large amounts of voxels in a reasonable time, enabling MRSI with either high spatial resolution
and/or large anatomical coverage. Challenges for high-resolution 3D MRSI of the brain remain the SNR of small voxels, a good fat suppression over the whole skull as well as
good shimming over the whole brain.
REFERENCES
1. Dydak U, et al. MRM 2001;46:713-722

KEY WORDS: 3D spectroscopic imaging, SENSE, CSI
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Comparison of Diffusion Tensor Imaging Measurements
at 1.5 T and 3.0 T with and without Parallel Imaging
Wu, Y.1 · Alexander, A. L.1,2 · Lee, J.1 · Field, A. S.1
1

University of Wisconsin Madison, Madison, WI, 2Waisman
Laboratory for Brain Imaging and Behavior, Madison, WI
PURPOSE
To investigate the effects of magnetic field strength on diffusion tensor imaging (DTI) measurements, obtained with and
without parallel imaging in terms of image distortion, signalto-noise ratio (SNR), and regional measures of mean diffusivity (MD) and fractional anisotropy (FA).
MATERIALS & METHODS
Diffusion tensor imaging was performed at 1.5 T and 3.0 T
scanners (GE SIGNA) on four healthy subjects. At both field
strengths, an 8-channel phased-array head-coil was used
with the product DTI sequence (SS SE-EPI with dual-echo
refocusing). Common parameters included 13 diffusionweighted encoding directions at b = 1000 s/mm2, maximum
gradient = 40 mT/m, TE/TR = ~75/7000 ms, in-plane resolution = 1.875 x 1.875 mm2, and slice thickness = 5 mm. The
acquisition was done both with and without ASSET (GE’s
parallel imaging package). A 3D-affine registration tool
(flirt) was used to correct motion and eddy-current artifacts
and coregister images between repeated experiments. Threedimensional regions of interest (ROIs) were drawn on FA
maps in compact white matter (WM) (genu and splenium of
the corpus callosum, posterior limb of the internal capsule
and cerebral peduncles), loose WM (subcortical occipital
and frontal WM) and deep gray matter (GM) (putamen). The
SNR of T2-weighted (b = 0) signal was calculated, and DTI
measures (FA and MD) were evaluated using mean and standard deviation (noise) for each ROI, field strength, protocol,
and subject.
RESULTS
The echo-planar image distortions were roughly doubled at
3.0 T relative to 1.5 T but halved when using ASSET. As
shown in Fig (a), the 3.0 T SNR was increased over the 1.5 T
SNR by factors of 90% and 105% with and without ASSET,
respectively. The SNR at 3.0 T was universally larger than the
SNR at 1.5 T, regardless of whether ASSET was used or not.
In general, mean FA and MD measurements were independent
of both parallel imaging and field strength. One exception is
that mean FA in GM was highest for the noisiest data (1.5 T
with ASSET) and lowest for the least noisy data (3.0 T without ASSET). This is consistent with previous observations of

CONCLUSION
This study demonstrates the tradeoffs and quantitates the relative costs and benefits associated with high-field strength
and parallel imaging in DTI with respect to geometric distortion, SNR, and diffusion-related parameter estimates. In
general, high-field increases SNR with the penalty of
increased geometric distortion, while the converse is true for
parallel imaging. Combining high-field with parallel imaging provides synergistic benefits for DTI applications.
KEY WORDS: Diffusion tensor imaging, field strength, parallel imaging
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Lower Limb Sensorimotor
Somatotopy and Overlap

Network:

Issues

of

Kapreli, E.1,2 · Papathanasiou, M.1 · Athanasopoulos, S.1 · Van
Hecke, P.3 · Gouliamos, A.1 · Peters, R.3 · Strimpakos, N.2 ·
Sunaert, S.3
1

National & Kapodistrian University of Athens, Athens,
GREECE, 2TEI Lamias, Lamia, GREECE, 3University
Hospital of K U Leuven, Leuven, BELGIUM
PURPOSE
Functional magnetic resonance imaging (fMRI) was used 1)
to describe the pattern of whole brain activity during motion
of isolated joints of the lower limb, 2) to examine the somatotopic organization of lower limb joint representations in
the primary sensorimotor cortex and the anterior lobe of the
cerebellum, and 3) to quantify the degree of overlap between
these lower limb joint activations.
MATERIALS & METHODS
Eighteen healthy, right-leg dominant volunteers participated
in a motor block-design study, performing repetitive knee,
ankle, and toes flexion/extension movements. In order to
relate lower limb joints activation to the well described patterns of finger movement, serial finger-to-thumb opposition
was assessed also. All movements were auditory paced at 72
beats/min (1.2 Hz). Isolated lower limbs movement activated a distributed sensorimotor network, including primary
and nonprimary sensorimotor areas.
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RESULTS
Although a large overlap was evident in primary sensorimotor cortex (SM1) and cerebellum representations of the three
lower limb joints, a somatotopic arrangement was recognizable with reference to center of mass coordinates of each
individual joint in the above areas.

region and at the borders of high perfusion abnormalities
(e.g., tumors, better differentiation of subtle perfusion
changes were seen). Comparison of follow-up examinations
clearly was improved due to the even, reproducible color
encoding.

CONCLUSION
Detection of active brain regions during movement of the
lower limb joints is feasible with fMRI although a carefully
optimized methodology protocol is required.
KEY WORDS: Mapping, lower limb, sensorimotor
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Histogram-Optimized Color Encoding for MR Perfusion
Imaging of the Brain
Siemund, R.1 · Thilman, O.2
1
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2
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PURPOSE
To describe a method for improved visualization of regional
cerebral perfusion in dynamic susceptibility contrast (DSC)
MR perfusion imaging with a flow/volume adapted color
encoding.
MATERIALS & METHODS
MR perfusion maps calculated with deconvolution techniques following injection of gadolinium-based contrast
media offers valuable diagnostic information in several diseases of the brain. Color encoding of the rCBV and rCBF
maps is used frequently to facilitate the visual assessment of
perfusion patterns. However, in a majority of cases, the use
of standard linear color scales yields inconsistent and difficult assessable color maps, due to the relative and nonlinear
distribution of the flow and volume values. We developed a
method for calculation of a nonlinear color scale with equally spaced color steps adapted to the nonlinear shape of the
signal histogram. This method results in rCBV and rCBF
maps with evenly distributed color differentiation through
the entire perfusion spectrum from high flow/volume cortical gray matter to low flow/volume white matter.
Normalization to the mean values of the cerebellar perfusion
eliminates the need for manual adjustment of the coloring.
The technique has been realized as a module in our software
framework (Lupe), which comprises the entire workflow for
the calculation and evaluation of cerebral perfusion maps
from DSC-acquired images. This software framework is
freely
provided
on
the
web
at
http://www.jubileum.lu.se/MR_physics/software/lupe/index
.htm. Histogram-optimized color maps were compared with
standard linear color scale maps in two patients with normal
perfusion and eight patients with different perfusion abnormalities. Three patients were examined two or more times to
follow-up perfusion changes.
RESULTS
The histogram-optimized color rCBV and rCBF maps were
superior to standard linear color scale maps in visualization
of differences in normal perfusion as well as in disclosing
subtle perfusion abnormalities. Particularly in the subcortical

CONCLUSION
Histogram-optimized color encoding of rCBF and rCBV
maps improves visualization of normal and pathologic cerebral perfusion patterns and can be calculated in a automated,
reproducible matter.
KEY WORDS: MR imaging, perfusion, color encoding
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Can MR Imaging Differentiate Focal Cerebral
Tubercular Lesions from Solitary Primary and
Metastatic Brain Tumors or Nontuberculous Infections?
Bulakbasi, N. · Sanal, H. T. · Kocaoglu, M. · Bozlar, U. ·
Guvenc, I. · Tayfun, C.
Gulhane Military Medical Academy
Ankara, TURKEY
PURPOSE
Focal tubercular lesions of the brain are likely to manifest in
the form of granulomas, abscesses, and miliary tubercles.
However, conventional MR imaging findings usually are
noncharacteristic and may mimic primary or metastatic
necrotic tumors or other infections. Characterization of challenging focal tubercular lesions by noninvasive imaging
techniques is important to avoid unnecessary surgical procedures. We aimed to evaluate whether the combination of MR
spectroscopy, apparent diffusion coefficient (ADC) calculation, and relative blood volume (rCBV) measurement can
provide additional information to the diagnosis of intracerebral focal tubercular lesions.
MATERIALS & METHODS
Twelve patients including 10 men and 2 women, (range 1638 years, mean 24.6 years) with focal tubercular lesions were
evaluated prospectively with conventional, diffusion- and
perfusion-weighted MR imaging, and proton MR spectroscopy (TE = 135) by 1.5 T MR system (The New Intera
Nova, Philips Medical Systems, Best, The Netherlands). The
diagnosis of tuberculosis was established on the basis of 1)
response to antitubercular therapy as seen on serial imaging,
2) associated extracerebral tuberculosis providing microbio-
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RESULTS
The tubercular lesions had significantly lower NAA/Cho (p
< 0.001), NAA/Cr (p < 0.001), ADC (p < 0.001), and rCBV
(p < 0.001) values and higher Lip/Cr ratio (p < 0.001) than
normal cerebral parenchyma. No significant change detected
in Cho/Cr ratio. The rCBV value (r = -0.789; p < 0.001) was
the most correlated parameter for the differentiation of tubercular lesions followed by Lip/Cr (r = 0.754; p < 0.001), ADC
(r = -0.663; p < 0.01), (r = 0.659; p < 0.001), NAA/Cho (r =
-0.615; p < 0.001) ratios.

PURPOSE
P MR spectroscopy provides in vivo monitorization of
major metabolites of phosphorus metabolism of tissue such
as adenosine triphosphate (ATP), phosphocreatine (PCr),
inorganic phosphate (Pi), phosphomonoester (PME) and
phosphodiester (PDE), and obtains information about intracellular pH and free magnesium [Mg+2] levels. The aim of
this study is to recognize the efficacy of 31P-MRS in the differentiation and staging of brain tumors.

CONCLUSION
By comparison of our results with the literature, we concluded that combination of MR spectroscopy, diffusion and
perfusion imaging can provide additional information to
conventional MR imaging for the differentiation of focal
tubercular lesions from metastatic brain lesions, solitary glial
tumors and nontuberculous infections (1-5).
REFERENCES
1. Batra A, Tripathi RP. Perfusion magnetic resonance imaging
in intracerebral parenchymal tuberculosis. J Comput Assist
Tomogr 2003;27:882-888
2. Batra A, Tripathi RP. Diffusion-weighted magnetic resonance
imaging and magnetic resonance spectroscopy in the evaluation of focal cerebral tubercular lesions. Acta Radiol
2004;6:679-688
3. Bulakbasi N, Kocaoglu M, Ors F, et al. Combination of singlevoxel proton MR spectroscopy and apparent diffusion coefficient calculation in the evaluation of common brain
tumors. AJNR Am J Neuroradiol 2003;24:225-233
4. Bulakbasi N, Guvenc I, Onguru O, et al. The added value of the
apparent diffusion coefficient calculation to magnetic resonance imaging in the differentiation and grading of malignant brain tumors. J Comput Assist Tomogr 2004;28:735-746
5. Bulakbasi N, Kocaoglu M, Farzaliyev A, et al. Assessment of
diagnostic accuracy of perfusion MR imaging in primary
and metastatic solitary malignant brain tumors. AJNR Am J
Neuroradiol 2005;26:2187-2199
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Efficacy of In Vivo 31Phosphorus MR Spectroscopy in
Differentiation and Staging of Adult Human Brain
Tumors
Bulakbasi, N. · Kocaoglu, M. · Sanal, H. T. · Guvenc, I. ·
Ustunsoz, B. · Tayfun, C.
Gulhane Military Medical Academy
Ankara, TURKEY
31

MATERIALS & METHODS
Twenty-six patients having histologically confirmed brain
tumors (8 meningiomas, 17 high-grade gliomas) were evaluated prospectively. Eight volunteers were examined as control group. Brain 31P-MRS were performed using a quadrature coil tuned for phosphorus frequency at 25.9 MHz.
Single voxel image-selected in vivo spectroscopy (ISIS)
sequence was applied by using 2250 ms TR. The spectral
bandwidth was 1500 Hz, with 1024 acquired data points.
DICOM data were analyzed on off-line computer by using
licensed
MRUI
program
(available
at
http://www.mrui.uab.es/mrui/) (1). MRS spectra were analyzed by AMARES program using previous knowledge (2).
Intracellular pH and Mg+2 levels were derived previously
defined equations (3, 4). The following metabolite ratios
were calculated from fitted signal intensities: PCr/α-ATP,
Pi/α-ATP, PCr/Pi, PDE/α-ATP, PME/α-ATP, β-ATP/Pi and
(PCr+ β-ATP)/Pi. For statistical purposes, all tumors were
classified as benign or malignant, and the later were subdivided into low- (II) or high- (III-IV) grade. The differences
between groups were analyzed with independent sample t
test or Tamhane’s T2 test assuming unequal variances and,
correlation between malignancy and parameters were evaluated using Pearson’s correlation test. The mean difference
was significant at the .05 level.
RESULTS
Among tested parameters, pH (p < 0.001) and Mg+2 (p <
0.001) levels and PCr/α-ATP (p < 0.001), PCr/Pi (p < 0.001),
PDE/α-ATP (p < 0.001) and (PCr+β-ATP)/Pi (p < 0.001)
ratios were statistically significant to differentiate meningiomas and malign tumors from each other. The most correlated parameters with tumor differentiation were Mg+2 (r =
0.838, p < 0.001) and pH (r = 0.433, p < 0.012). High-grade
gliomas had significantly higher pH (p < 0.001) and Mg+2 (p
< 0.001) levels and lower PCr/α-ATP (p < 0.001), Pi/α-ATP
(p < 0.02), PDE/α-ATP (p < 0.042) and ratios than those of
low-grade ones. The PCr/α-ATP (r = -0.928, p < 0.001) ratio
has the highest correlation with degree of malignancy following by pH (r = 0.922, p < 0.001), Mg+2 (r = 0.859, p <
0.001), Pi/α-ATP (r = -0.800, p < 0.001), PDE/α-ATP (r = 0,622, p < 0.008) and PCr/Pi (r = -0.501, p < 0.041) ratios.
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logic evidence for tuberculosis, and 3) cerebrospinal fluid
analysis confirming tubercular meningitis. Parameters
including NAA/Cho, NAA/Cr, Cho/Cr, Lip/Cr, ADC, and
rCBV values from focal tubercular lesions and from the
opposite normal cerebral parenchyma of the same patient
were calculated by standard software and statistically tested
by using Mann Whitney U test with the mean difference significant at the .05 level. Our results were compared with previous knowledge about metastatic brain tumors, solitary glial
tumors, and nontuberculous infections reported in literature
(1-5).
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CONCLUSION
Changes in 31P-MRS parameters by the degree of malignancy are the indicators of increased anaerobic metabolism to
compensate intratumoral energy deficiency. The 31P-MRS
parameters were more effective in grading of malignant
brain tumors than the differentiation of benign and malign
ones, due to contamination of data by meningiomas.
REFERENCES
1. Naressi A, Couturier C, Devos JM, et al. Java-based graphical
user interface for the MRUI quantitation package. MAGMA
2001;12:141-152
2. Hamilton G, Patel N, Forton DM, et al. Prior knowledge for
time domain quantification of in vivo brain or liver 31P MR
spectra. NMR Biomed 2003;16:168-176
3. Petroff O, Prichard J, Behar J et al. Cerebral intracellular pH
by P- 31 nuclear magnetic resonance spectroscopy.
Neurology 1985;35:781-788
4. Golding EM, Golding RM. Interpretation of 31P MRS spectra
in determining intracellular free magnesium and potassium
ion concentrations. Magn Reson Med 1995;33:467-474
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Central Neurocytoma: Proton MR Spectroscopy,
Diffusion-Weighted and Dynamic Susceptibility
Contrast-Enhanced MR Imaging Findings
Bulakbasi, N. · Kocaoglu, M. · Ors, F. · Sanal, H. T. · Ucoz,
T. · Somuncu, I.
Gulhane Military Medical Academy
Ankara, TURKEY
PURPOSE
We aimed to provide additional information for distinguishing central neurocytoma (CN) from its radiologic mimickers
with proton MR spectroscopy (MRS), diffusion-weighted
imaging (DWI), and dynamic susceptibility contrastenhanced perfusion MR imaging (PWI).
MATERIALS & METHODS
We retrospectively evaluated the imaging findings of five
patients with histopathologically confirmed CN (four male
and one female; ranging 21 to 28 years). Additional to conventional MR imaging features, we also assessed the
metabolite ratios, tumoral normalized apparent diffusion
coefficient (NADCT) and relative cerebral blood flow
(rCBF) values. Findings were compared with the reference
values, which were obtained by previous researchers (1-3).
RESULTS
Morphologic features of CN were similar to previous
reports. The tumoral Cho/Cr ratios were 5.68 ± 2.72, while
NAA/Cho and NAA/Cr ratios were 0.35 ± 0.17 and 2.16 ±
1.54, respectively. No other pathologic peak was observed.
On DWI, tumors had heterogeneous hyperintense appearances when compared with the contralateral white matter
(Fig 1). Tumoral NADCT values were 0.89 ± 0.17. The
rCBVmax ratios of the tumoral regions ranged from 2.80 to
7.16 (mean ± SD, 4.34 ± 1.80) (Fig 2).

CONCLUSION
Significant Cho/Cr and Cho/NAA ratios, high rCBVmax values and low NADCT measurements in CN resemble high
grade gliomas and complicate the glioma grading.
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Conventional MR Imaging and Diffusion-Weighted
Imaging Findings in Limbic Encephalitis with Potassium
Channel Antibody
Agostinis, C. · Censori, B. · Rottoli, M. · Barbo', R. ·
Bonaldi, G.
Ospedali Riuniti
Bergamo, ITALY
PURPOSE
Limbic encephalitis (LE) can be associated with antibodies
against voltage-gated potassium channels (VGKG-Ab).
Knowledge of this condition is still incomplete. We describe
MR imaging findings, including diffusion-weighted imaging
(DWI), in a case of LE with VGKC-Ab.
MATERIALS & METHODS
A 35-year-old woman with autoimmune hypothyroidism
subacutely developed drowsiness, memory deficits, confusion, and generalized and partial convulsive status epilepticus. Serologic findings were normal. Paraneoplastic antibodies were absent. Cerebrospinal fluid showed no abnormalities, including oligoclonal bands and polymerase chain reaction for herpes simplex virus genome.
RESULTS
MR imaging showed bilateral hyperintense lesions of the
temporo-mesial and insular regions on T2-weighted fast
spin-echo and FLAIR sequences. No enhancement was seen
after gadolinium. Diffusion-weighted imaging confirmed the
hyperintensities, and the ADC map showed increased water
diffusivity in these regions. The patient was treated with
high-dose iv methylprednisolone, followed by high-dose iv
immunoglobulins 0.4 g/kg/day, for 5 days. Voltage-gated
potassium channels-Ab were found at radioimmunoassay 2
months after onset. MR imaging at 3 months showed complete resolution of the T2 and DWI abnormalities.

CONCLUSION
Our findings of increased water diffusivity in the acute phase
may help characterize LE associated with VGKC-Ab, and
may help differentiate it from the abnormalities seen in status epilepticus, where water diffusivity is restricted.
KEY WORDS: Limbic encephalitis, diffusion-weighted MR
imaging, voltage-gated potassium channel antibody
Poster 50
MR Imaging Findings in an Unusual Case of Primary
Central Nervous System Lymphoma
Agostinis, C. · Pericotti, S. · Motta, T. · De Gonda, F. ·
Bonaldi, G.
Ospedali Riuniti
Bergamo, ITALY
PURPOSE
T-cell type lymphomas are rare, representing less than 10
percent of central nervous system malignant lymphomas. We
describe the unusual MR imaging findings, including spectroscopy, perfusion- and diffusion-weighted imaging (DWI),
in a 53-year-old woman.
MATERIALS & METHODS
The patient was admitted to our neurosurgical department
with a history of subacute afasia. Previous CT and MR
examinations had shown two frontal expanding lesions with
cortico-subcortical location. Laboratory examinations,
including cerebrospinal fluid, were unremarkable. At a first
biopsy, a histologic diagnosis of inflammatory changes was
made.
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RESULTS
In the 2-week follow-up period a second MR study demonstrated an increase of the lesions and new foci in the left thalamus, corpus callosum-cingulate gyrus, despite steroid therapy. The cortical lesions in the right frontal lobe showed
areas of subacute hemorrhage. Faint and irregular enhancement was seen after gadolinium. MR perfusion did not show
significant increase of perfusion parameters at the level of
the evolving lesions. Neither evident increase in choline
peak nor reduction of N-acetyl-aspartate were present on
MR spectroscopy.
CONCLUSION
A second decompressive surgery allowed the histologic
diagnosis of peripheral small T-cell lymphoma with perivascular cuffing involving both leptomeninges and brain
parenchyma. The patient received postoperative radiation
and chemotherapy and has had an otherwise uneventful clinical course in the following 4 months. Lesions have dramatically reduced at a recent MR study.
KEY WORDS: Primary lymphoma, T-cell, MR imaging
Poster 51

unusual findings included subtle enhancement in the
perivascular spaces (n = 3), infarcts in two patients and the
presence of restricted diffusion in the basal ganglia lesions in
three patients. Correlation of CSF cryptococcal antigen levels indicated that the cases which demonstrated restricted
diffusion also showed higher levels of cryptococcal antigen
titers with two of the patients demonstrating leptomeningeal
enhancement as well. After initiation of medical therapy, we
noted that resolution of the restricted diffusion correlated
with the fall in CSF cryptococcal antigen titers.
CONCLUSION
Central nervous system cryptococcal infection has a wide
spectrum of imaging findings including both parenchymal
and leptomeningeal changes. The most notable of these findings were the restricted diffusion and leptomeningeal
enhancement, which interestingly enough correlated with the
high cryptococcal antigen levels. We postulate that markedly increased cryptococcal antigen titers and restricted diffusion points to the possibility of increased organism load with
more mucoid material distending the perivascular spaces and
secondarily involving the brain parenchyma. With medical
therapy, we noted that falling antigen titers correlated with
resolution of the restricted diffusion and leptomeningeal
enhancement.

Central Nervous System Cryptococcal Infection:
Restricted Diffusion and Leptomeningeal Enhancement
Correlated with Cerebrospinal Fluid Cryptococcal
Antigen Levels before and after Medical Therapy

KEY WORDS: Cryptococcus, MR imaging, diffusion

Saigal, G. · Post, M. · Whetsell, W. · Cleary, T. · Kirwan, R.

Highly Active Antiretroviral Therapy for Patients with
HIV-1-Associated Dementia: Follow-Up Imaging
Findings

University of Miami Miller School of Medicine
Miami, FL
PURPOSE
While cryptococcus neoformans (an organism with a polysaccharide capsule producing mucoprotein ) is the second
most common opportunistic central nervous system (CNS)
fungal infection in immunocompromised patients, imaging
findings have not been described so frequently nor have they
been correlated to cryptococcal antigen levels. We therefore
analyzed a large cohort of patients with proven cryptococcal
meningitis to determine the spectrum of imaging findings
and to determine which of these findings correlate with high
cerebral blood flow (CSF) cryptococcal antigen levels.
MATERIALS & METHODS
From 02/02/92 to 06/29/05, 176 patients were found with a
positive CSF cryptococcal antigen. Although according to
medical records, imaging studies (either MR or CT) had
been performed in 131 patients, data was available on only
73 patients. The imaging studies on all of these 73 cases
were reviewed.
RESULTS
Of the 73 patients who had imaging studies available for
review and were CSF cryptococcal antigen positive, 25
patients (34%) had positive imaging findings which could be
attributed to the cryptococcal infection. MR findings included foci of T2 hyperintensity in the basal ganglia consistent
with involvement of the perivascular spaces (n = 8) and ringenhancing parenchymal lesions also known as cryptococcomas (n = 3). Leptomeningeal enhancement was seen in nine
patients, an incidence higher than previously reported. Other
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Sakai, M. · Uegaki, T. · Iwai, Y. · Sasakawa, J. · Mori, M. ·
Zenichi, H. · Uehira, T. · Makie, T. · Sirasaka, T. · Sai, H. ·
Hoaoki, T. · Mitomo, M.
Osaka National Hospital
Osaka, JAPAN
PURPOSE
HIV-1-associated dementia (HAD) consists of cognitive,
motor, and/or behavial impairments that are linked pathologically to HIV-1 encephalitis. Clinical improvement in
patients with AIDS treated with highly active antiretroviral
therapy (HAART) has been reported. However, little information is available on the effects of HAART in patients with
HAD in regard to clinical status or nueroradiologic changes
or both. The purpose of our study was to evaluate the effects
of HAART on MR images, 1H-MR spectroscopy, and
SPECT in patients with HAD and to compare the clinical
course with follow-up studies.
MATERIALS & METHODS
Retrospective analysis of the initial and follow-up MR imaging findings including diffusion-weighted imaging from four
patients (patient 1: 39-year-old male, patient 2: 26-year-old
male, patient 3: 42-year-old male, patient 4: 45-year-old
male) with HAD. Serial 99mTc-ECD SPECT from two
patients (patients 1, 2) and 1H-MRS from two patients
(patients 3, 4) also were evaluated. They correlated with
clinical and immunologic findings.
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MATERIALS & METHODS
A retrospective review of nonlymphomatous CNS neoplasms in immunocompromised (HIV and transplant)
patients was performed.
RESULTS
Immunosuppressed patients have a higher risk of developing
nonlymphomatous CNS neoplasms including astrocytoma
and leiomyosarcoma than immunocompetent patients.
KEY WORDS: Neoplasm, immunocompromise
Poster 54
Preoperative MR Imaging Enhancement Characteristics
of Glioblastoma Multiforme Applied to P-53 Status
Turba, U. C. · Mut, M. · Baskurt, E. · Lopes, B. · Shaffrey,
M.
University of Virginia
Charlottesville, VA
PURPOSE
Glioblastoma Multiforme (GBM) accounts for the largest
proportion of primary brain tumors. Despite the technical
advances made in neurosurgery, radiotherapy, and
chemotherapy, the median survival of patients diagnosed
with GBM remains less than 1 year. The P-53 nuclear accumulation, oligodendroglial component and low proliferation
rate are known to associate with a better survival. In the
medical literature, there is no study available to correlate T1weighted MR imaging enhancement patterns of GBM in
relation to P-53 status.

CONCLUSION
The results suggest that the combination of MR imaging
with some other techniques, such as 1H-MR spectroscopy,
99mTc-ECD SPECT seems to contribute to diagnosis and
monitor disease regression in patients with HAD after treatment with HAART.
KEY WORDS: HIV, highly active antiretroviral therapy, MR
imaging
Poster 53
Nonlymphomatous Brain Tumors in Immunocompromised
Patients
Miller, T. S.
Montefiore Medical Center
Bronx, NY
PURPOSE
To emphasize that nonlymphomatous central nervous system
(CNS) neoplasms represent a significant fraction of intracerebral masses in immunocompromised patients.

MATERIALS & METHODS
Institution Board Review approval was obtained.
Retrospectively, we identified 86 consecutive patients who
have biopsy proven GBM and P-53 assessment. All patients
had no operative or medical intervention prior to MR imaging
examination. Postcontrast T1-weighted MR imaging enhancement characteristics were grouped as Group A: Heterogeneous
and/or lace-like and/or necrotic appearing enhancement;
Group B: Homogenous smooth contour and/or cystic and/or
ring shape enhancement; Group C: Mixed heterogeneous and
homogenous enhancement. Twenty-nine of 86 patients had
diffusion-weighted MR imaging sequences. The P-53 status
was graded according to the percentage of positive cells.
Classification of P-53 status: 1) P-53 overexpressors [P-53
(+)], 50% or more cells are positive; 2) P-53 nonoverexpressors [P-53 (-)], less than 50% cells are positive.
RESULTS
Pattern
p53
A
B
0-10%
30 ( 58%)
5 ( 23%)
10-25%
10 ( 19%)
1 ( 5%)
25-50%
8 ( 15%)
2 ( 9%)
> 50%
4 ( 8%)
14 ( 64%)
Total
52
22
Chi-squared = 32.6, P < 0.001. N = 3 missing
p53
0-10%
10-25%
25-50%
> 50%
Total
Chi-square = 0.87, p = 0.83

DWI = ‘Bright’’
ADC = ‘Dark’’
11 (69%)
2 (13%)
1 (6%)
2 (13%)
16 (100%)

C
5 ( 56%)
3 ( 33%)
1 ( 11%)
0 ( 0%)
9

Total
40
14
11
18
83
Other
7 (58%)
1 (8%)
1 (8%)
3 (25%)
12 (100%)

Posters

RESULTS
Baseline MR images showed signal abnormalities on longTR images in patients 1, 2, and 4, and cerebral atrophy in
patients 1, 3, and 4. All lesions were compatible with HIV
encephalitis. Follow-up MR studies were performed after
0.5 to 18 months of HAART. In patient 1, the MR image 7
months after HAART showed progression of white matter
(WM) abnormalities. On the subsequent scans, regression
was seen and stabilization of WM disease was observed. (Fig
1). Patients 2-4 showed no interval changes of signal abnormalities. Progression of the atrophy was observed in patients
1, 3, and 4. In all patients, mild elevation of apparent diffusion coefficient values of WM was observed on follow up.
99mTc-ECD SPECT showed decreased cerebral blood flow
on initial studies and increased after HAART. On 1H-MRS,
patient 3 showed no improvement while patient 4 showed
increase of NAA/Cr and decrease of NAA/Cho after the initiation of HAART. Improvement in clinical symptoms and
mental status after the initiation of HAART was observed in
patients 1, 2, and 4. In patient 3, no interval changes were
observed. Increases in CD4 count and decreases in viral load
below the limit of quantification were present in three
patients but one (patient 3).
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CONCLUSION
In this preliminary study, there is statistically significant
relationship with MR imaging enhancement pattern and P53 status. All patients did not have diffusion-weighted imaging which did not show statistically significant relationship
most likely due to insufficient numbers. Radiologic findings
can be associated with prognosis and survival. Further
prospective studies in a larger group of patients are warranted to confirm our findings.

Poster 56

KEY WORDS: Glioblastoma, immunohistochemistry, P-53

PURPOSE
Diffusion-weighted imaging (DWI) providing fat suppression, shows highly cellular lesion as hyperintensity. With
SENSE application, DWI provides artifact-free images with
shorter acquisition time. Our purpose was to evaluate if DWI
with SENSE is able to detect bone marrow involvement in
patients with cranial bone marrow metastasis and to compare
DWI with T1-weighted imaging (T1WI).

Poster 55
Pattern of T2 Hypointensity Associated with RingEnhancing Brain Lesions Can Help to Differentiate
Pathology
Schwartz, K. M. · Erickson, B. J. · Lucchinetti, C.
Mayo Clinic Rochester
Rochester, MN
PURPOSE
Ring-enhancing lesions seen on MR imaging can occur with
a variety of etiologies. Some ring-enhancing lesions have
hypointense rims peripherally on T2-weighted MR images.
In this study, we examined whether T2-weighted
hypointense rims were associated with specific pathologies.
MATERIALS & METHODS
A search for ring-enhancing lesions on MR images obtained
from 1996 to 2004 was performed, revealing 221 unique
patients with MR findings of ring enhancement. The pattern
of T2 hypointensity (arc or rim) corresponding with ring
enhancement was recorded. In addition, we analyzed other
imaging characteristics, including signal on diffusionweighted images, central homogeneity on T2, and multiplicity of lesions. We then reviewed the clinical data on the
patients to ascertain the diagnosis for each examination.
RESULTS
The most common associated pathologies in our study were
gliomas (40%), metastases (30%), abscesses (8%), and multiple sclerosis (MS; 6%). Hypointense borders on T2weighted images were present in 67% of lesions, in the form
of a rim in 40% and an arc in 60%. Abscess had the highest
percentage of hypointense rims. Metastases and gliomas
more commonly had arcs, and MS lesions were divided
between rims and arcs. Abscesses and MS lesions were more
commonly homogeneous centrally, compared to gliomas and
metastases. Additionally, abscesses were more often bright
on diffusion imaging than the other pathologies. As expected, abscesses and MS lesions were usually multiple, whereas metastases were typically multiple in approximately 50%
of the case, and gliomas were generally solitary.
CONCLUSION
Trends in T2 hypointensity may aid in distinguishing among
etiologies of ring-enhancing lesions, although there is overlap between the MR appearance of these various pathologies.
KEY WORDS: Ring-enhancing lesions, T2 peripheral
hypointensity

Is Diffusion-Weighted Imaging with SENSE Useful for
Detecting Cranial Bone Marrow Metastasis?:
Preliminary Report
Moon, W. · Chung, E.
Kangbuk Samsung Hospital
Seoul, REPUBLIC OF KOREA

MATERIALS & METHODS
Diffusion-weighted imaging with SENSE (b value = 1000)
was performed prospectively in 13 patients with cranial bone
marrow metastasis and 25 normal healthy subjects. The bone
scintigraphy, brain CT and routine brain MR imaging also
were performed. The bone marrow lesion in each imaging
modality were correlated with biopsy or clinical follow up as
the standard of reference. In the region of interest (ROI) in
B0 image of DWI, isotropic DWI, and T1WI, the signal difference
%
[(pathologic
marrow-normal
marrowz)*100/pathologic marrow] was calculated.
Apparent diffusion coefficient ratio relative to vitreous
humor also was obtained. The contrast-to-noise ratio (CNR)
could not be obtained due to noise nulling by SENSE application. The analysis of variance (ANOVA) was performed
for statistical comparison.
RESULTS
In cranial bone marrow of normal heatlhy subjects, no
abnormal signal intensity except for epiploic vessels was
noted. In all patients with cranial bone marrow metastasis,
abnormal signal intensity was detected in the corresponding
area of abnormality on T1WI. On B0 image of DWI, the signal difference between normal and pathologic bone marrow
was 82.1 ± 7.9%;on isotropic DWI, 71.4 ± 13.7%; on T1 WI,
65.7 ± 9.3% (p < 0.001, ANOVA). On post hoc analysis, the
signal difference on B0 image of DWI was significantly
higher than that of T1WI (p < 0.001) while no significant statistical difference was found between the isotropic DWI and
T1WI (p = 0.23). Mean ADC ratios of pathologic bone marrow was 0.28 +/- 0.07.
CONCLUSION
With scan time of less than 30 sec, DWI with SENSE (B0
and isotropic images) is superior to T1WI for detecting cranial bone marrow metastasis. The DWI with SENSE can
improve the accuracy of MRI in patients with suspicious cranial bone marrow metastasis.
KEY WORDS: Diffusion weighted imaging, metastasis, bone
marrow
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Cortical Thickness Analysis in Mild
Impairment and Alzheimer’s Disease

Cognitive
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Moon, W.1 · Chung, E.1 · Lee, J.2 · Na, D.3
1

Kangbuk Samsung Hospital, Seoul, REPUBLIC OF
KOREA, 2Hanyang University, Seoul, REPUBLIC OF
KOREA, 3Samsung Medical Center, Seoul, REPUBLIC OF
KOREA
PURPOSE
Although cortical atrophy have been reported in several
brain regions in Alzheimer’s disease (AD), little has been
known for mild cognitive impairment (MCI). Recently, it
became possible to measure cortical thickness directly by
using automatic computed analysis. This study aims to compare cortical thickness maps between AD and MCI.
MATERIALS & METHODS
Sixteen patients with AD, 8 patients with MCI, and 18 agematched control subjects participated in this study. T1weighted 3D SPGR scan was acquired for each subject.
These T1-weighted images were nonuniformity corrected
and registered into stereotaxic space. For thickness measurement, inner and outer cortical surface were reconstructed by
CLASP algorithm. Then outer cortical surface was expanded
so that each vertex between outer and inner surfaces is related. Cortical thickness is measured at every cortex, and
smoothed using 10 mm Gaussian kernel.
RESULTS
In patients with AD, significant reduction in cortical thickness was found in both parahippocampal gyri, frontal and
parietal regions, especially on left hemisphere (p < 0.01, corrected by FDR). In patients with MCI, significant reduction
in cortical thickness was found in both anterior parahippocampal gyri, focal area of left frontal and parietal region
(p < 0.01, corrected by FDR). There was no significant
reduction in cortical thickness in right hemisphere.

Fig 2. Cortical thickness in MCI versus control
CONCLUSION
These preliminary findings suggest that the anatomical
changes in gray matter in AD and MCI can be described easily in terms of cortical thickness changes. The cortical thickness analysis could be used as the direct quantitative marker
for cortical atrophy in AD and MCI.
KEY WORDS: Alzheimer's disease, mild cognitive impairment, MR imaging
Poster 58
Decreased Signal Intensity of the Inner Ear on MR
Cisternography in Patients with an Acoustic Neurinoma
Ishikawa, K.1 · Furusawa, T.1 · Okamoto, K.2
1

Niigata University Medical and Dental Hospital, Niigata,
JAPAN, 2Brain Research Institute, Niigata University,
Niigata, JAPAN
PURPOSE
It has been reported that acoustic neurinomas can cause significantly higher protein concentrations in the perilymph
than cerebello-pontine angle meningiomas; therefore, a
decreased signal intensity of the perilymph on MR cisternography might be helpful in differentiating acoustic
neurinomas from meningiomas. This study was aimed to
evaluate signal changes of the inner ear on MR cisternography in patients with an acoustic neurinoma.

Fig 1. Cortical thickness in AD versus control

MATERIALS & METHODS
We retrospectively reviewed 35 consecutive patients with a
histologically verified acoustic neurinoma (12 males and 23
females; 20-72 years old, mean 52.9 years), and 35 normal
control subjects of comparable age and sex distribution, who
underwent precontrast MR cisternography. MR imaging was
performed on 1.5 T imagers (Magetom Vision, Siemens;
Signa Horizon EchoSpeed, General Electric), using constructive interference in steady state (CISS) imaging, and
fast imaging employing steady state acquisition (FIESTA),
respectively. We compared the signal intensity of the bilateral vestibules using a circular region of interest (ROI), and
calculated the ratio of the affected (ipsilateral) vestibular signal to the contralateral one (I/C ratio) in patients with an
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acoustic neurinoma, as well as the ratio of the lower vestibular signal to the higher one (L/H ratio) in normal control subjects.
RESULTS
In the 35 patients with an acoustic neurinoma, 32 patients
showed a significantly lower vestibular signal on the ipsilateral side than that on the contralateral side (p < 0.01). Only
three normal controls showed a significant difference in
bilateral vestibular signals. The I/C ratio in patients with an
acoustic neurinoma was 0.57-0.93 (mean ± SD 0.74 ± 0.10),
and the L/H ratio in normal controls was 0.89-1.00 (mean ±
SD 0.97 ± 0.03). The I/C ratio was significantly lower than
the L/H ratio (p < 0.001).
CONCLUSION
In patients with an acoustic neurinoma, it has been demonstrated that the signal intensity of the ipsilateral vestibule
may be significantly lower than the contralateral one. The
decreased signal intensity of the inner ear on MR cisternography might indicate increased protein concentrations in the
perilymph.
KEY WORDS: Ishikazu
Poster 59
Possible Role of CT Perfusion Parameters in Differential
Diagnosis of Solitary Intraaxial Brain Tumors: A
Preliminary Study
Fainardi, E.1 · Di Biase, F.1 · Borrelli, M.1 · Saletti, A.1 ·
Cavallo, M.1 · Padovani, R.1 · Chieregato, A.2 · Ceruti, S.1 ·
Tamarozzi, R.1
1

Arcispedale S. Anna, Ferrara, ITALY, 2Ospedale M.
Bufalini, Cesena, ITALY
PURPOSE
The purpose of our study was to investigate perfusional
abnormalities occurring in solitary intraaxial brain tumors by
CT perfusion (CTP) imaging.

and manually outlined on the baseline diagnostic CT scan: 1)
the enhancing or nonenhancing tumor tissue; 2) an area of
normal-appearing brain tissue mirrored the tumor region and
located in the contralateral hemisphere. Cerebral blood flow,
CBV, MTT and PSF values were expressed in ml/100 g/min,
ml/100 g, seconds and ml/100 g/min, respectively. Statistical
analysis was performed by t-test and Mann-Whitney U test
with Bonferroni correction for multiple comparisons.
RESULTS
Regional CBF mean levels of tumoral tissue were greater
than those of contralateral area in high-grade brain tumors (p
< 0.02), whereas rCBV and rPSF mean values of tumoral tissue than those of contralateral area in high-grade brain
tumors (p < 0.01 and p < 0.05, respectively) and in brain
metastasis (p < 0.05 and p < 0.001, respectively). There were
no differences for rCBF, rCBV, and rPSF mean levels
between tumoral tissue and contralateral area in low-grade
brain tumors, whereas rMTT mean levels were similar
between tumoral tissue and contralateral area in all groups
examined. While rCBV mean values of tumoral tissue were
more elevated in high-grade than in low-grade brain tumors
(p < 0.05), rPSF mean levels of tumoral tissue were more
increased in brain metastasis than in low-grade brain tumors
(p < 0.02).
CONCLUSION
Our findings suggest that dynamic CTP scanning with
deconvolution analysis is a promising method for the evaluation of perfusion disturbances related to intraaxial brain
tumors and indicate that increased vascularity and elevated
microvascular permeability, both reflecting tumor angiogenesis, seem to be selectively associated to high-grade brain
tumors and brain metastasis. In this setting, rCBV and rPSF
levels could be useful to differentiate between high-grade
and low-grade brain tumors and between brain metastasis
and low-grade brain tumors, respectively.
KEY WORDS: Intraaxial brain tumors, CT perfusion, differential diagnosis
Poster 60

MATERIALS & METHODS
CT perfusion studies were performed by using a single-section CT scanner (CT Hispeed ZX/i; GE Medical System,
Milwaukee, WI) equipped for CTP imaging (CT Perfusion;
GE Medical System, Milwaukee, WI) in 40 patients (27
male and 13 female; mean age = 62 years ± 12.1) with solitary intraaxial brain tumor at admission CT and having a
Karnofsky performance status at entry ranging from 60% to
95%. All patients underwent surgical biopsy or tumor
removal within 7 days after the CTP examination. The neoplasms were histopathologically classified as: glioblastoma
multiforme (n = 10), anaplastic astocytoma (n = 9), astocytoma (n = 5), oligodendreglioma (n = 2), brain metastasis (n
= 12) and primary cerebral lymphoma (n = 2). All CTP scans
were analyzed with a deconvolution-based algorithm by
using an imaging workstation (Advantage Windows; GE
Medical System, Milwaukee, WI). Cerebral blood flow
(CBF), cerebral blood volume (CBV), mean transit time
(MTT) and permeability surface flow (PSF) perfusion maps
were generated for each patient. Regional CBF (rCBF), CBV
(rCBV) MTT (rMTT), and PSF (rPSF) levels were measured
in two different regions of interest (ROI) larger than 1 cm2

Chronological Changes of Acute and Subacute Perfusion
CT Parameters Within and Around Spontaneous
Intracerebral Hematoma
Fainardi, E.1 · Borrelli, M.1 · Saletti, A.1 · Azzini, C.1 ·
Cavallo, M.1 · Ceruti, S.1 · Tamarozzi, R.1 · Chieregato, A.2
1
Arcispedale S. Anna, Ferrara, ITALY, 2Ospedale M.
Bufalini, Cesena, ITALY

PURPOSE
This study aimed to quantify the time course of perfusional
disturbances within and around acute spontaneous intracerebral hemorrhage (SICH) by CT perfusion (CTP) imaging.
MATERIALS & METHODS
CT perfusion studies were longitudinally obtained in 30
patients (14 male and 16 female; mean age = 66.8 years ±
13.1; NIHSS at entry = 13.5 ± 6.9) with acute supratentorial
SICH by using a single-section CT scanner (CT Hispeed
ZX/i; GE Medical System, Milwaukee, WI) equipped for
CTP imaging (CT Perfusion; GE Medical System,
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RESULTS
Regional CBF, rCBV and rMTT mean levels were different
when we evaluated both the four ROIs in each time interval
and the same ROI over time (p < 0.0001). CT perfusion
parameters were distributed concentrically and gradually
improve from the core to the periphery in each time interval
examined. In comparison to values found at 24 hours, each
ROI showed a temporal pattern characterized by an increase
of rCBF and rCBV with a decrease of rMTT mean levels at
48 hours, a return toward initial values at 5 days, and a
decline of rCBF and rCBV with a prolongation of rMTT
mean levels at 7 days after SICH. The analysis absolute values revealed that, in perihematomal low density area, rCBF
levels were oligemic at 24 hours (34.3 ± 19 ml/100 g/min),
became normal at 48 hours (48.7 ± 20.5 ml/100 g/min), were
oligemic again at 5 days (35.9 ± 18 ml/100 g/min) and were
oligemic approaching penumbral levels at 7 days (23.4 ±
14.9 ml/100 g/min) after SICH.

Poster 61
High-Dose Methotrexate-Based Chemotherapy for
Primary Central Nervous System Lymphoma:
Prediction of the Chemotherapeutic Response with MR
Imaging
Morishita, S. · Hirai, T. · Murakami, R. · Kitajima, M. ·
Hayashida, Y. · Makino, K. · Kuratsu, J. · Yamashita, Y.
Kumamoto University
Kumamoto, JAPAN
PURPOSE
High-dose methotrexate (MTX)-based chemotherapy is useful for primary central nervous system lymphoma (PCNSL).
Although lesions of poor response to the therapy remain,
there is no method to predict the therapy response before
chemotherapy. The purpose of our study was to evaluate
whether pretreatment MR imaging can predict the therapeutic response in patients with PCNSL.
MATERIALS & METHODS
This study is comprised of 17 consecutive patients (12 males
and 5 females; 41 to 88 years; mean, 62 years) with PCNSL.
All patients underwent MR examination and biopsy prior to
high-dose MTX-based chemotherapy. The treatment
response was assessed on MR imaging immediately after
completion of the therapy compared with pretreatment MR
imaging. We evaluated mean ADC ratio and minimal ADC
ratio of the tumor, contrast-to-noise ratio on T2-weighted
images, homogeneity of the tumor, presence of the intratumoral hemorrhage, tumor size, multiplicity of the tumor, and
extent of peritumoral hyperintense area on T2-weighted
images. The MR imaging evaluators were blinded to the
results of the treatment response. Statistical analysis was
performed to determine the predictor in 2 groups of excellent
and poor responses.

CONCLUSION
The timing of CTP parameters in the transition from acute to
subacute phase of SICH seems to be represented by a centrifugal gradient with an improvement from the core to the
periphery which persists over time associated to a three-phasic perfusion pattern in each ROI studied after the initial values detected at 24 hours from bleeding. At 7 days after bleeding, no evidence of ischemic penumbra was identified in perihematomal area where, however, rCBF levels were reduced
strongly. These results suggest that CTP is a promising
method for the evaluation of perfusion changes related to the
temporal evolution of SICH and could represent a powerful
tool to better understand the fate of perihematomal tissue.

RESULTS
Of the 17 patients, 11 showed an excellent response and six
exhibited a poor response. Only the minimal ADC ratio on
pretreatment MR imaging was correlated significantly with
the treatment response; tumors with higher minimal ADC
ratio showed a better response. The other MR imaging factors did not correlate significantly with the treatment
responses.

KEY WORDS: Intracerebral hematoma, CT perfusion, time
course

KEY WORDS: CNS lymphoma, MR imaging, diffusion

CONCLUSION
The minimal ADC ratio on pretreatment MR imaging may
be a marker to predict the treatment response to high-dose
MTX-based chemotherapy for PCNSL.
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Milwaukee, WI). Cerebral blood flow (CBF), cerebral blood
volume (CBV) and mean transit time (MTT) perfusion maps
were generated for each patient with a deconvolution-based
algorithm by using an imaging workstation (Advantage
Windows; GE Medical System, Milwaukee, WI). Regional
CBF (rCBF), CBV (rCBV), and MTT (rMTT) levels were
measured in four regions of interest (ROIs) drawn freehand
on CT scan: 1) hemorrhagic core; 2) perihematomal low
density area; 3) 1 cm of normal appearing brain tissue surrounding the perilesional low density area. An additional
ROI mirrored the region including the clot and perihematomal low density area was placed in the contralateral
hemisphere. Cerebral blood flow, CBV, and MTT values
were expressed in ml/100 g/min, ml/100 g and seconds,
respectively. CTP studies were scheduled within 24 hours,
48 hours, 5 days and 7 days after bleeding. Statistical analysis was performed by ANOVA and repeated measures
ANOVA.
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MR Imaging Features of Trigeminal Schwannomas
Aronov, R. L. · Jain, R. · Javeri, Z. · Rock, J. P. · Patel, S. C.
Henry Ford Hospital
Detroit, MI
PURPOSE
Intracranial nonvestibular schwannomas are rare tumors.
Those arising from the trigeminal nerve are the most common in this group, accounting for 0.1-0.4% of intracranial
tumors and 1-8% of intracranial schwannomas, followed by
glossopharyngeal, vagal, facial, accessory, hypoglossal, oculomotor, trochlear, and abducens nerve schwannomas. We
will be presenting MR imaging features of 6 cases of histologically proven trigeminal nerve schwannomas.
MATERIALS & METHODS
Retrospective evaluation of preoperative MR imaging studies of histologically proven trigeminal nerve schwannomas
was performed and MR imaging features will be summarized. Normal anatomy of the trigeminal nerve will be
reviewed using MR images and sketch diagrams.
RESULTS
Four distinct types of trigeminal schwannomas have been
described based on location: (a) confined to cavernous sinus,
(b) involving Meckel’s cave, (c) cerebellopontine angle
schwannomas, (d) giant trigeminal schwannomas involving
posterior and middle cranial fossa. MR imaging features of
trigeminal schwannomas from all four groups will be presented in our series.

MATERIALS & METHODS
Twenty patients with a brain mass lesion have been studied
retrospectively. All the patients had a diffusion tensor imaging during their pre -treatment work-up MR studies. Thirteen
patients had brain gliomas and seven patients had cavernomas. Anisotropic maps have been calculated for all the
cases. Fractional anisotropy (FA) and mean diffusivity (MD)
were measured in the lesion. The contour of each lesion was
delineated based on signal abnormalities seen on T2-weighted images and both FA and MD values were measured in the
corresponding area. Fractional anisotropy and MD of the
normal appearing splenium of the corpus callosum were
measured also as controls. The measured FA and MD values
then were compared between gliomas and cavernomas.
RESULTS
The FA of cavernomas ranged between 0.29 and 0.41 (mean
± SD: 0.35 ± 0.05) and was statistically significantly higher
than the FA of gliomas which ranged between 0.09 and 0.27
(mean ± SD: 0.19 ± 0.04) (P < 0.001). Both gliomas and cavernomas presented with FA which was significantly lower
than that of splenium of corpus callosum (CC) ( mean ± SD:
0.69 ± 0.06) (P < 0.001) (Fig). The MD of cavernomas
ranged between 0.92 x 10-3 mm²/sec and 1.2 x 10-3 mm²/sec
(mean ± SD: 1.04 x 10-3 mm²/sec ± 0.12) and the MD of
gliomas ranged between 0.53 x 10-3 mm²/sec and 2.15 x 10-3
mm²/sec (mean ± SD: 1.29 x 10-3 mm²/sec ± 0.36) with no
statistically significant difference between them (P = 0.22).

CONCLUSION
Based on MR imaging features, exact anatomical location,
and clinical presentation, correct preoperative diagnosis of a
trigeminal schwannoma can be made in the majority of
cases.
KEY WORDS: Trigeminal schwannoma
Poster 63
Use of Diffusion Tensor Imaging in the Preoperative
Workup of Brain Mass Lesions: Initial Experience with a
Comparative Study between Gliomas and Cavernomas
Sadeghi, N. · Moradi, T. · Gultasli, N. · Balériaux, D.
Erasme Hospital
Brussels, BELGIUM
PURPOSE
Diffusion tensor imaging (DTI) is used increasingly in order
to identify intact white matter fiber tracts in the preoperative
workup of patients with a subcortical brain mass lesion. The
aim of this study was to compare the changes of anisotropy
in brain tissue related to development of two distinct groups
of brain mass lesion based on DTI, obtained in patients with
gliomas and those with cavernomas.

CONCLUSION
The decrease of anisotropy of brain white matter due to
development of gliomas is significantly more important than
that measured for cavernomas. This must be of consideration
in the surgery planning of these mass lesions. The difference
may be related to tumor cell infiltration in gliomas with a
more destructive effect on white matter fibers compared to
that of cavernomas.
KEY WORDS: Anisotropic map, glioma, cavernoma
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Comparison between Cerebral Blood Volume, 11CMethionine Uptake, and Histopathology in Brain Glioma
Using a Stereotactic Approach
Sadeghi, N. · Salmon, I. · Levivier, M. · Wikler, D. · Denolin,
V. · Decaestecker, C. · Rorive, S. · Massager, N. · Balériaux,
D. · Metens, T. · Goldman, S.
Erasme Hospital
Brussels, BELGIUM
PURPOSE
To compare cerebral blood volume (CBV) and 11CMethionine (MET) uptake measurements in brain gliomas
and to assess the relationship between these measurements
and histopathologic grading features using stereotactic
image-guided biopsies.
MATERIALS & METHODS
The study included 14 patients with histologically proven
brain gliomas based on stereotactic biopsy. Conventional
MR sequences, dynamic susceptibility contrast-enhanced
MR sequence, and positron emission tomography (PET)
study using MET were obtained in all patients in stereotactic
conditions. CBV maps then were calculated and both CBV
maps and PET images were coregistered to the 3D T1weighted images used for biopsy guidance. A total number
of 65 biopsy samples was obtained and analyzed semiquantitatively for vascularity, mitotic activity, cellular pleomorphism, endothelial proliferation, and coagulative tumor
necrosis. Cerebral blood volume and MET uptake values
then were measured in the area of biopsy on coregistered
MR and PET images and were normalized. The CBV ratios
were compared to MET uptake ratios and both measurements also were compared to the above histopathologic features of the corresponding biopsy sample.
RESULTS
Cerebral blood volume ratios ranged between 0.08 and 10.24
(median = 2.27), MET uptake ratios ranged between 0.30
and 4.91 (median = 2.04). Both CBV ratios and MET uptake
ratios increased from normal brain tissue to infiltrated brain
tissue and to bulk tumor. Both CBV and MET uptake ratios
were significantly higher in bulk tumor compared to normal
tissue (P = 0.01, P < 0.001). MET uptake was also significantly higher in infiltrated brain tissue compared to bulk
tumor (P < 0.001). Both CBV and MET uptake ratios were
found to be related to vascularity, mitotic activity, endothelial cell proliferation, and coagulative tumor necrosis (P <
0.05). There was a positive correlation between CBV ratios
and MET uptake ratios (r = 0.65, P < 0.001).

CONCLUSION
This study confirms the relation between CBV and MET
uptake measurements and most histologic features used for
grading gliomas, and demonstrates a relationship between
tumor perfusion and tumor amino acid metabolism in glial
tumors.
KEY WORDS: Metabolism, perfusion, gliomas
Poster 65
Efficacy of MR Imaging in Monitoring Treatment
Responses for Gamma Knife Radiosurgery for Central
Nervous System Metastatic Tumor
Lee, C. · Young, B. · Godwin, R. · Duncan, T. · Sanders, M.
· Given, C.
University of Kentucky
Lexington, KY
PURPOSE
The efficacy of gamma knife treatment in central nervous
system (CNS) metastatic tumors is well documented. MR
imaging with MP-RAGE or GRASS imaging is key not only
in the planning of treatment, but also in the monitoring of
therapy. We have treated 492 patients for metastatic tumor
for a total of 600 treatments over the past 13 years with
gamma knife radiosurgery. Monitoring of treatment is based
mainly on size on repeat 1 mm MP-RAGE MR contrast
imaging. In the past 3 years, we have added MR spectra for
monitoring. It is our purpose to present our experience.
MATERIALS & METHODS
Three-dimensional imaging with 1 mm reformatting is necessary not only so as not to miss a lesion, but also to measure it at its maximum size. Size and appearance of enhancement are recorded. MR spectra was available in 92 artifactfree lesions. Multiple treatments were due largely to size and
location of lesions not possible to treat at once, or less likely to continued growth, or new lesions. Malignant MRS
shows elevated choline, depressed creatine, and decreased
NAA. All had one or more follow-up MR exams at 2 month
intervals. Lesions were graded as total kill (lesion gone on
MP-RAGE imaging), positive tumor response (decrease in
size, or no increase in size), and failure (lesion grows).
Numbers of lesions treated varied from one to 16.
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RESULTS
Four hundred and three had one treatment. Seventy-five had
2, 11 had 3, 1 had 4, and 2 had 5 total treatments. Tumor
decreased in size (72%) or numbers (45%) after first treatment, with an overall kill/positive rate of (89%). Tumor
increased in (8%). New tumor appeared in 32%. Lesions 2
cm or less were treated effectively by gamma knife with a
90% kill/positive rate, with the rate falling off with larger
sized lesions. Likewise kill rate was high with 6 lesions or
less being treated simultaneously. Although as many as 16
lesions were treated of which there was a favorable response
in 75%, patients with more than 6 lesions had a poorer kill
rate or tumor response. With multiple lesions, the majority
have to be smaller than 5 mm, otherwise the scatter radiation
and complexity of the geometry of the intersecting beams
becomes too complicated. Lung and melanoma metastases
responded the best, and breast, renal cell carcinoma, and
recurrent operated metastatic lesions the worst. MR spectra
was no longer malignant (21%). The majority were lung
(49%) or breast cancer metastases (39%).
CONCLUSION
Most lesions stopped growing, but some literally vanished
after one treatment, leaving only a hemosiderin stain on MR
imaging. Size criteria and loss of abnormal enhancement
were most important for therapy monitoring. Multiple small
lesions (less than 6) were the most responsive patterns.
Postsurgical bed recurrent tumors were the least responsive.
MR spectra reflects tumor kill by reversal of pretreatment
choline peak spike, and occasionally classical changes of
necrosis, but was not specific for tumor types, and is a useful tool in monitoring tumor response. MR spectra results
parallel size criteria results for tumor response monitoring.
KEY WORDS: Gamma knife radiosurgery, metastatic CNS
tumor, treatment responses

body weight. The safety of Gd-BOPTA and Gd-DTPA was
evaluated by means of physical exams, recording of vital
signs, clinical laboratory investigations, and 12-lead ECG at
baseline and at different time-points up to 24 hours postdose.
Data from these comparative studies were pooled into an
integrated safety database and adverse event (AE) rates were
calculated. Chi-square analysis was used to test for significant differences in AE rate between Gd-BOPTA and GdDTPA.
RESULTS
No significant safety finding were noted for either agent in
terms of vital signs, clinical laboratory investigations, and
12-lead ECGs. In intraindividual comparative studies, in
which each patient acted as their own control, the AE rate
was 7.9% (14/177) after Gd-BOPTA and 8.7% (16/183) after
Gd-DTPA (p = 0.77). In parallel-group studies in which
patients received either of the agents, the AE rate was 10.9%
(16/146) after Gd-BOPTA and 8.7% (13/150) after GdDTPA (p = 0.51). In pediatric subjects with CNS disease
enrolled in a parallel-group study, the AE rate was 12.9%
(11/85) with Gd-BOPTA and 14.6% (13/89) with Gd-DTPA
(p = 0.75). The type of AE recorded was similar between
agents, including headache, injection site reactions, mild
rash, and nausea. Most AEs were minor, transient, and selflimiting after either Gd-BOPTA or Gd-DTPA in both pediatric and adult patients. No serious AEs were observed with
either agent.
CONCLUSION
Gadobenate dimeglumine is a safe MR contrast agent for use
in adults and children with CNS disease at a dose of 0.1
mmol.kg body weight. In a series of intraindividual studies
and parallel group studies, the rate of adverse events after
gadobenate dimeglumine was low (8-13%) and essentially
equivalent to that of an approved comparator, gadopentetate
dimeglumine.

Poster 66

KEY WORDS: Gadolinium, safety, gadobenate dimeglumine

Pooled Analysis of the Safety of Gadobenate
Dimeglumine and Gadopentetate Dimeglumine in
Patients with Central Nervous System Disease

Poster 67

Spinazzi, A. · Parker, J. R. · Shen, N. · Venetianer, C. ·
Pirovano, G.
Bracco Diagnostics, Inc.
Princeton, NJ
PURPOSE
To evaluate the safety of gadobenate dimeglumine (GdBOPTA) in adults and children with central nervous system
(CNS) disease, specifically with reference to the safety of an
approved comparator agent, gadopentetate dimeglumine
(Gd-DTPA).
MATERIALS & METHODS
A total of 184 adult patients with CNS disease enrolled in
crossover, intraindividual comparisons of Gd-BOPTA
(MultiHance, Bracco Diagnostics, Inc.) and Gd-DTPA
(Magnevist, Berlex Laboratories), while a further 296
patients with CNS disease (122 adults, 174 children) were
evaluated in randomized, double-blind, parallel-group studies with the two agents. In all studies, the contrast agents
were administered as a single bolus injection of 0.1 mmol/kg

Use of First-Pass Bolus Tracking MR Imaging in
Evaluation of Lesions Suggestive of Tumor: Work in
Progress
Nedregaard, B. · Emblem, K. E. · Hald, J. · Due-Toennessen,
P. · Bjornerud, A. · Jacobsen, E. A.
Rikshospitalet University Hospital
Oslo, NORWAY
PURPOSE
To compare and evaluate tissue blood volume based on firstpass bolus tracking and contrast-enhanced MR imaging in
patients with clinical and radiologic findings, consistent with
brain tumors, with respect to histopathology. Further, to
establish a cut-off value to differentiate benign from malignant tumors in terms of ratio of blood volume in tumor versus normal tissue.
MATERIALS & METHODS
Twenty consecutive patients were included, aged 14-82
years (mean age 46 years; 11 male, 9 female). All studies
were obtained on a 1.5 T Siemens Sonata with a quadrature
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RESULTS
So far histology has been obtained in 13 patients, including
7 intraaxial tumors (3 glioblastomas, 2 astrocytomas, 1
oligoastrocytoma and 1 metastasis) and 6 extraaxial pathologies. The average nCBV in the three glioblastomas was 5.8.
No glioblastoma had nCBV less than 4. The average nCBV
value in the remaining intraaxial tumors was 2.7 with a maximum ratio of 4.1. This value was obtained in a metastasis
and all non-metastatic tumors had a nCBV value less than
3.3 in this group. There was good correlation between findings from conventional MR imaging and histology. One
lesion was missed on biopsy. In 2 patients, contrastenhanced MR imaging indicated low-grade histology (germinoma and oligoastrocytoma).
CONCLUSION
Thus far, our results indicate that conventional contrastenhanced MR images give important information to the final
diagnosis in low grade and benign lesions. However, nCBV
measurement from first-pass bolus tracking gives valuable
additional information with respect to the diagnosis of highgrade gliomas (glioblastoma multiforme). This is in concordance with previous studies that indicate good correlation
between histology and nCBV analysis. In addition, nCBV
analysis may predict more accurately histology grading than
morphology and even biopsy.
REFERENCES
1. Lev MH, Ozsunar Y, Henson JW, et al. Glial tumor grading
and outcome prediction using dynamic spin-echo MR susceptibility mapping compared with conventional contrastenhanced MR: Confounding effect of elevated rCBV of
oligodendrogliomas AJNR Am J Neuroradiol 2004;25(2):214221

KEY WORDS: Brain tumor, perfusion, MR imaging

Poster 68
Evaluation of Cerebral Malignant Neoplasms by SingleVoxel MR Spectroscopy: Our Experience
Valentini, S. · Quaglietta, P. · Corriero, G. · Auteri, W.
Azienda Ospedaliera Cosenza
Cosenza, ITALY
PURPOSE
The aim of the present study is the evaluation of the typical
methabolic pattern of a high-grade glioma and of a solitary
metastasis in order to confirm the diagnostic accuracy of single-voxel MR spectroscopy.
MATERIALS & METHODS
Fifty-five patients suffering from single cerebral lesions
have been evaluated on PHILIPS Infinion 1.5 T by PRESS
sequences TR 1500/1452, TE 135, with aquisition time of
4:53 min and with a VOI of 3 mm3 minimum centrally or
peripherically located at the lesion.
RESULTS
The proprietary software was used to postprocess the data.
Histologic diagnoses after surgical removal have been used
to confirm spectroscopic patterns of NAA, Cho, Cr, LAC,
Lip, and relative ratios previously detected by a blind
observer.
CONCLUSION
Herein we report on a good matching between MRS and histologic diagnoses which allow us to make an accurate in vivo
diagnosis of high-grade glioma or metastases in 95% of
patients, using this fast and simple approach and further giving to the surgeon more information about spreading in peritumoral apparent normal brain.
REFERENCES
1. Law M, Soonmee C, et al. High grade gliomas and solitary
metastases: differentiation by using perfusion and proton
spectroscopic MR imaging. Radiology 2002;222:715-721
2. Govindaraju V, Young K, et al. Proton NMR chemical shfts
and coupling contsants for brain metabolites. NMR Biomed
2000;13:129-153
3. Dowling C, Bollen AW, et al. Preoperative proton MR spectroscopic imaging of brain tumors: correlation with
histopathologic analysis of resection specimens. AJNR Am J
Neuroradiol 2001;22:604-612
4. Chiang C, Kuo YT, et al. Distinction between high grade
gliomas and solitary metastases using peritumoral 3T magnetic resonance spectroscopy, diffusion and perfusion imagings. Neuroradiology 2004;46:619-627
5. Bulakbasi N, Kocaoglu M, et al. Combination of single-voxel
proton MR spectroscopy and apparent diffusion coefficient
calculation in the evaluation of common brain tumors. AJNR
Am J Neuroradiol 2003;23:225-233

KEY WORDS: Spectroscopy, glioma, metastasis
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head coil. First-pass bolus tracking MR images were
acquired using a gradient-echo EPI sequence following
bolus iv injection of 0.2 ml/kg b.w. Gadovist (Schering) and
relative blood volume maps were generated using standard
tracer kinetic models. Tumor hotspot was defined as the pixels with the 20% highest numeric values within the selected
region of interest (ROI). Blood volume ratio (nCBV) was
defined as hotspot values divided by mean pixel value in a
ROI obtained from contralateral normal tissue of the same
tissue origin (1). Morphologic contrast-enhanced MR
images were characterized as either benign, low-grade, or
high-grade lesion (malignant) and the readers were blinded
to the results obtained on perfusion and histology. Thirteen
patients have been operated up to now (biopsy or surgery).
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Correlation between Expression of MIB-1 Labeling
Index and MR Findings in Gliomas

CONCLUSION
Our results indicate that MIB-1 LI is correlated with minimum ADC, and lesser extent, maximum rCBV, but it is not
well correlated with T2 signal intensity in gliomas.

Kitajima, M. · Hirai, T. · Negishi, T. · Hayashida, Y. · Okuda, T.
· Yamashita, Y. · Nakmura, H. · Kuratsu, J.

KEY WORDS: glioma, MIB-1 labeling index, ADC

Kumamoto University
Kumamoto, JAPAN

Poster 70

PURPOSE
The purpose of this study was to assess the correlation
between the quantitative MR imaging findings; regional
cerebral blood flow (rCBV), apparent diffusion coefficients
(ADC) values, and T2-signal intensity, and the value of
MIB-1 labeling index (LI) expression in gliomas.
MATERIALS & METHODS
Forty-three consecutive patients (17 women and 26 women,
ranging in age from 5 to 78 years; mean 50.9 years) with histologically proven gliomas (low grade gliomas, n = 3;
anaplastic gliomas, n = 27; glioblastomas, n = 13) underwent
conventional, echo-planar diffusion-weighted, and dynamic
susceptibility contrast-enhanced MR imaging preoperatively. MIB-1 LI of the tumor tissue was evaluated also. Various
physiologic parameters derived from MR imaging were calculated as follows: 1) minimum ADC value was selected
among five representative regions of interest on ADC map,
and it was normalized to that of contralateral uninvolved
white matter, 2) T2 signal intensity of the corresponding
region of minimal ADC value was normalized to that of contralateral uninvolved white matter, 3) maximum rCBV value
was selected on rCBV map obtained from dynamic susceptibility contrast-enhanced MR imaging, and it was normalized
to that of contralateral uninvolved white matter. These normalized ratios were compared to MIB-1 LI. Statistical analysis was performed using Pearson’s correlation coefficient
test.

Primary Midbrain Germinoma
Kan, S. · Takaya, M. · Hayakawa, K.
Kitasato University
Sagamihara, JAPAN
PURPOSE
To report a rare case of midbrain germinoma.
MATERIALS & METHODS
A 28-year-old male had noticed blurred vision 2 years before
the admission. Initial MR imaging demonstrated small
enhanced lesion at left paramedian region of the midbrain
(Fig 1). After steroid therapy, improvement of the symptoms
and slight decrease of the lesion was observed. When the
patient stopped taking steroid, several new neurologic symptoms had developed. The midbrain lesion also had become
larger in size. Then the dose of steroid was increased but no
improvement of the symptoms were observed.
RESULTS
Because the midbrain lesion has become larger in size (Fig
2), stereotaxic brain biopsy was performed 2 years after initial MR imaging examination and pathologic study revealed
germinoma. The patient responded well to chemotherapy
and radiotherapy (40 Gy).

RESULTS
A significant negative correlation was observed between
normalized minimum ADC ratio and MIB-1 LI (r = -0.5530,
p = .0001). A trend of correlation was observed between normalized maximum rCBV ratio and MIB-1 LI (r = 0.4494, p
= .0024). No significant correlation was found between normalized T2 signal intensity ratio and MIB-1 LI (r = -0.1679,
p = .2821).

Fig 1. Initial MR imaging contrasted T1-weighted imaging.
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conventional imaging, including T1-weighted (T1WI) pre
and postgadolinium, T2-weighted (T2WI) and FLAIR imaging, as positive or negative on each of the 76 patients, and
then correlated with RNBS.

CONCLUSION
Although it is quite rare, germinoma should be included in
the differential diagnosis of midbrain lesions. Preoperative
diagnosis usually is difficult and biopsy still is needed for
such lesions.
KEY WORDS: Germinoma, midbrain
Poster 71
Identification of Skull Metastasis Using DiffusionWeighted MR Imaging
Nemeth, A. J.1,2 · Henson, J. W.1,2 · Mullins, M. E.1,2 ·
Schaefer, P. W.1,2

CONCLUSION
Diffusion-weighted imaging is a useful sequence for identifying skull metastases for breast and lung malignancies and
compared to conventional MR sequences, provides
improved detection of these malignancies. Diffusion-weighted imaging and conventional MR sequences are very insensitive for the detection of skull metastases from prostate carcinoma. This information may be important in clinical decision-making.

1

Massachusetts General Hospital, Boston, MA, 2Harvard
Medical School, Boston, MA

KEY WORDS: Skull, metastasis, diffusion-weighted imaging

PURPOSE
Metastasis to the skull is clinically important but can be difficult to detect with routine magnetic resonance (MR) imaging. Given the reported utility of diffusion-weighted MR
imaging (DWI) in the assessment of malignant compression
fractures, we sought to determine the value of DWI in the
detection of skull metastasis in patients with several common primary malignancies.

Poster 72

MATERIALS & METHODS
Seventy-six patients with a primary malignancy outside of
the brain who had brain MR scans with DWI and radionuclide bone scans (RNBS; “gold standard”) within 6 weeks of
each other were evaluated. Thirty-seven of the 76 patients
demonstrated increased radiopharmaceutical uptake on
RNBS within the skull consistent with metastasis (cases).
Thirty-nine of the 76 patients demonstrated no evidence of
skull metastasis on RNBS (controls). Two blinded readers
first read the DWI as positive or negative on each of the 76
patients and then correlated with RNBS to confirm the position of the findings. Subsequently, one of the readers read the

Role of Perfusion MR Imaging in Meningiomas
Resembling Intraaxial Tumors
Hakyemez, B. · Yildirim, N. · Erdogan, C. · Parlak, M.
Uludag University School of Medicine
Bursa, TURKEY
PURPOSE
Meningiomas are the third most common tumor in adults following metastases and gliomas (1). As a result their characteristic findings can be differentiated from intraaxial tumors.
However, 15% of meningiomas can have atypical characteristics such as cystic areas, ring enhancement, hemorrhage,
peritumoral edema, and parenchymal invasion (2). Also,
some of the aggressive intraaxial tumors may exhibit
extraaxial growth. In either of these situations, radiologic
differentiation is fairly difficult and may lead to false radiologist reports. In this study our aim is to investigate the con-

Posters

Fig 2. Two years after initial MR imaging.

RESULTS
Thirty-seven of the 76 patients demonstrated increased
radiopharmaceutical uptake on RNBS. Sensitivity and specificity of DWI for detecting skull metastasis ranged from 68.4
to 71.2% and 84.2 to 92.1%, respectively, for all types of primary malignancy with a kappa statistic between the readers
of 0.68. When categorized by type of primary malignancy,
breast cancer (n = 20) was detected with greatest sensitivity
and specificity, ranging from 86.7 to 93.3% and 80 to 100%,
respectively, with a kappa between the readers of 0.80. Lung
cancer (n = 32) was detected on DWI with the next highest
sensitivity and specificity, ranging from 63.6 to 72.7% and
76.2 to 85.7%, respectively, with a kappa of 0.56. DWI was
least sensitive for detecting prostate metastasis (n = 9) with
sensitivity and specificity of 14.3% and 100%, respectively,
and kappa of 0.55. The overall sensitivity of DWI versus
conventional MR imaging for the detection of skull metastases was 68.4% versus 43.2% respectively. The sensitivity
for detecting breast and lung cancer significantly improved
using DWI relative to conventional MR imaging, from 60%
to 93.3% for breast cancer and from 36.4% to 63.3% for lung
cancer. Diffusion-weighted imaging did not help relative to
conventional MR imaging in detecting skull metastasis from
prostate carcinoma (sensitivity of 14.3% for conventional
MR imaging and of 14.3% for DWI).
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tribution of perfusion MR imaging findings in differentiating
meningiomas with atypical conventional MR imaging findings from intraaxial tumors.

Poster 73

MATERIALS & METHODS
This study has been performed on 54 histopathologically
verified meningiomas. Perfusion MR imaging is performed
simultaneously with conventional MR imaging.
Conventional MR images of these 54 patients have been analyzed retrospectively and six (11%) patients in whom the differentiation from intraaxial lesions was not possible. We also
analyzed the perfusion MR imaging findings of 25 intraaxial lesions consisting of glioblastomas and solitary metastases. Signal intensities of meningiomas were compared with
normal brain cortex on T1- and T2-weighted images. Also,
location, mass volume, edema, cystic appearance, and contrast enhancement were analyzed. Relative cerebral blood
volume (rCBV) ratios of all tumors were calculated. The
time-intensity curves were formed and three different curve
patterns were described (Fig 1). Student t test has been used
for statistical analysis.

Ibrahim, M. · Ansari, S. · Parmar, H.

RESULTS
On CBV images meningiomas were hypervascular and
rCBV ratios were calculated as 10.58 ± 2.00. Relative cerebral blood volume ratios were calculated as 5.02 ± 1.40 and
4.68 ± 1.54 for glioblastomas and metastases, respectively.
There was a significant statistical difference in rCBV ratios
between meningiomas from glioblastomas and metastases (p
< 0.001). Only one of the meningiomas displayed type 2
curve while five had type 3 curve. Glioblastomas and metastases displayed either type 1 or type 2 curve. None of the
meningiomas showed type 1 and none of the glioblastomas
or metastases showed type 3 curve.

Imaging Approach of Calcified Intracranial Lesions

University of Michigan
Ann Arbor, MI
PURPOSE
This exhibit outlines the various pathologic conditions associated with calcified intracranial lesions. Etiologies include
infectious, vascular, metabolic, idiopathic, neoplastic, and
congenital disorders.
MATERIALS & METHODS
Various imaging modalities, including plain radiography, CT
and MR imaging, were used to evaluate 28 patients with a
variety of pathologic conditions causing calcified lesions in
the central nervous system. Calcified lesions were divided
into symmetric and asymmetric lesions, and in each category the abnormalities are subdivided into gray matter, white
matter, and deep nuclei involvement. Morphologically calcifications can be linear, coarse, amorphous, or fine.
RESULTS
Different pathologic processes have varied patterns of calcifications which help in narrowing the differential diagnosis.
CT scan is the most useful in demonstrating the presence of
these calcifications. MR imaging demonstrates the calcifications as areas of increased T1 signal or areas of signal void.
In addition, it provides additional characterization of the
lesion and any associated abnormalities. Bilateral symmetric
calcified lesions usually are seen in metabolic and vascular
disorders. Bilateral asymmetric and focal unilateral calcified
lesions usually are seen in neoplastic, infectious, developmental, and vascular disorders.
CONCLUSION
Differential diagnosis of intracranial calcification is broad.
Systematic approach based on the imaging findings can help
to narrow this differential. CT scan is the most important
modality in evaluating calcifications. MR imaging complements CT scan in a better depiction of associated soft tissue.

CONCLUSION
Differentiating meningiomas with atypical conventional MR
imaging findings from malignant intraaxial tumors can be
difficult. Perfusion MR imaging can provide additional clues
to conventional MR imaging in differentiating atypically
appearing meningiomas from intraaxial tumors.
Meningiomas differ from intraaxial tumors with their
increased rCBV ratios and type 3 intensity-time curves.
REFERENCES
1. Kleihues P. Pathology and Genetics of Tumours of the Nervous
System. Lyon, France: IARC Press; 2000
2. Mahmood A, et al. Atypcial and malignant meningiomas: A
clinicopathological review. Neurosurgery 1993;33:955-963

KEY WORDS: Magnetic resonance, perfusion imaging, brain
tumors
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Imaging of Third Ventricular Masses
Kathuria, S. · Wang, H. · Sidhu, R. · Srinath, G. · Cedeno, L.
· Malhotra, A.
University of Rochester Medical Center
Rochester, NY
PURPOSE
To identify various etiologies of third ventricle mass lesions
and narrow down the differential diagnosis based on location, age, clinical presentation, and imaging characteristics.
MATERIALS & METHODS
We reviewed the MR and CT images obtained from many
patients with third ventricle mass lesions. Both males and
females of all age groups were included and attempt has
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been made to simplify the approach in making correct diagnosis based upon age, clinical presentation, location, and
characteristic imaging features of these mass lesions.

CONCLUSION
Understanding the normal anatomy of the third ventricle and
its surrounding structures combined with systematic
approach based upon the knowledge of the age group, location, clinical presentation, and characteristic imaging features of various mass lesions in this location allows narrowing down to correct differential diagnosis.
KEY WORDS: Third ventricle, neoplasm, mass lesion
Poster 75
CNS Imaging with a High Relaxivity Contrast Agent:
What Is the Benefit over Standard Gadolinium Agents?
Maravilla, K.1 · Maldjian, J.2 · Schmalfuss, I.3 · Kuhn, M.4 ·
Anzalone, N.5 · Essig, M.6 · Gustafsson, L.7
University of Washington, Seattle, WA, 2Wake Forest
University, Winston-Salem, NC, 3University of Florida,
Gainesville, FL, 4Southern Illinois School of Medicine,
Springfield, IL, 5San Raffaele Hospital, Milan, ITALY,
6
German Cancer Research Institute, Heidelberg, GERMANY,
7
Sahlgrenska University Hospital, Gothenburg, SWEDEN

RESULTS
The majority of patients had intracranial tumors, including
gliomas (n = 47), metastases (n = 37), and meningiomas (n
= 23). For all three blinded readers, the lesion-to-brain CNR
was significantly greater after GBD than after GPD (p <
0.0001), with readers 1, 2, and 3 noting relative increases in
enhancement over GPD of 22%, 25%, and 26%, respectively. As in earlier studies, highly significant preferences for
GBD (p < 0.0001) were noted by each blinded reader in
terms of diagnostic information (lesion border delineation,
definition of disease extent, visualization of lesion internal
morphology, lesion contrast enhancement, global diagnostic
preference). The three readers each demonstrated a global
preference for gadobenate dimeglumine in 75, 89, and 103
patients, respectively, compared with just 6, 10, and 3
patients, for gadopentetate dimeglumine. The largest effects
of improved enhancement were noted in patients with
meningioma (GBD preferred in 52-78% of cases vs 4% with
GPD), glioma (GBD preferred in 51-64% of cases vs 2.1 %
of cases with GPD), and metastases (GBD preferred in 4970% of cases vs 5-14% with GPD). Interreader (3-reader)
agreement was good for all evaluations (kappa values from
0.43 to 0.57).

1

PURPOSE
Several gadolinium (Gd)-based contrast agents are available
for MR imaging of the central nervous system (CNS). These
“first generation” agents have similar T1 relaxivity values
ranging between 4.3 and 5.6 L•mmol-1•s-1 at 0.47 T.
Accordingly, these agents demonstrate similar enhancement
on postcontrast MR images of the CNS. A “second generation” MR contrast agent, gadobenate dimeglumine (GBD),
has a two-fold higher intravascular T1 relaxivity (9.7
L•mmol-1•s-1) in vivo due to weak and transient interactions
of the Gd-BOPTA contrast-effective moiety with serum
albumin. Previous small scale, controlled, intraindividual
crossover studies have suggested a benefit of GBD over
gadopentate dimeglumine (GPD) in patients with intraaxial
lesions. The purpose of this multicenter study was to evaluate whether this benefit would be confirmed in a larger and
more varied patient population.
MATERIALS & METHODS
One hundred and fifty-one patients with a diverse distribution of CNS (brain or spine) diseases were evaluated in a
prospective, intraindividual, crossover comparison, multicenter study. Each patient underwent two MR examinations,
one with gadobenate dimeglumine (MultiHance, Bracco

CONCLUSION
Results of the largest crossover comparison study to date
confirm that gadobenate dimeglumine provides statistically
significantly greater contrast enhancement compared with a
commonly used gadolinium agent, gadopentetate dimeglumine, for CNS imaging. The relative increase in signal intensity provided by GBD over GPD at the same dose (22-26%)
is approximately equal to the increase expected for a double
dose of standard Gd agent such as gadopentetate dimeglumine.
KEY WORDS: Gadolinium, relaxivity, neoplasms
Poster 76
Effect of Gender and Aging on the Brain Structure Using
Voxel-Based Morphometry
Weng, H.1,2 · Yang, B.1,2 · Tsai, Y.1 · Huang, C.1 · Liao, Y.1 ·
Lee, L.1
1

Chang Gung Memorial Hospital, Chia-Yi, TAIWAN
REPUBLIC OF CHINA, 2Chang Gung Institute of
Technology, Chia-Yi, TAIWAN REPUBLIC OF CHINA
PURPOSE
To evaluate the effect of sex and aging on the brain volume
in healthy volunteers.

Posters

RESULTS
The exhibit will review the normal anatomy of third ventricle, adjacent structures, and various mass lesions that can be
seen in this location. These include both neoplastic lesions
such as ependymal tumors, meningeal tumors, glioma, germinoma, metastasis, and nonneoplastic lesions such as
hamartoma, colloid cyst, ependymal cyst, and arachnoid
cyst. Certain infectious etiologies such as neurocysticercosis
also can present in third ventricle. A practical approach for
making correct diagnosis of these various mass lesions will
be discussed.

Diagnostics, Inc.) at 0.1 mmol/kg bodyweight and the other
with gadopentetate dimeglumine (Magnevist, Berlex
Laboratories, Inc.) at the same dose. Contrast agents were
administered in randomized order with investigators blinded
to the agent being administered. Images were evaluated
qualitatively and quantitatively by three independent blinded
neuroradiologists unaffiliated with study centers. Degree and
characteristics of contrast enhancement were evaluated, as
were differences between the two postcontrast image sets for
each patient.
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MATERIALS & METHODS
High-resolution T1-weighted images of 30 volunteers (16
male subjects, mean age: 45.9 years; age range, 22 - 86 years
and 14 female subjects, mean age: 56.6 years; age range, 23
- 78 years, p= 0.1681) were acquired and analyzed with fully
automated voxel-based morphometry (VBM). The brain volumes were segmented into gray matter (GM), white matter
(WM), cerebrospinal fluid (CSF), and total intracranial volume (TIV). The fractions of GM, WM, CSF to TIV were calculated. The sex effect on the brain volumes was compared
by independent two-sample t-test. Multiple linear regression
were performed to identify factors linked with brain structural changes. Age and sex were chosen as predictor variables.
RESULTS
The global GM, WM, CSF, and TIV volumes of female subjects were all significantly smaller than the male subjects.
The fractions of GM, WM, CSF to TIV did not show any significant gender difference. Gray matter volumes showed
decrease in the aging subjects. Cerebral spinal fluid volumes
appeared to increase with aging. In the multiple linear
regression models, the gender and aging both contributed
significant differences on GM and CSF. White matter and
TIV volumes were associated with sex only. The regional
GM volumes are correlated negatively with age. The regional significant voxels of relatively accelerated loss of gray
matter volume included right medial, superior and inferior
frontal gyrus and precentral gyrus, superior temporal gyrus,
precuneus, inferior temporal gyrus, insula, thalamus, caudate, parahippocampal gyrus and posterior cingulated and
left medial, superior and inferior frontal gyrus, superior temporal and fusiform gyrus, inferior parietal lobule, postcentral
gyrus, precuneus,and cuneus, thalamus, parahippocampal
gyrus and posterior cingulated.
CONCLUSION
MR imaging using VBM can demonstrate the sex- and agerelated global and regional changes of GM, WM and CSF.
This quantitative MR imaging method can be used to characterize the neuroanatomical changes.
KEY WORDS: Brain structure, voxel-based morphometry
(VBM), MR imaging
Poster 77
Combining Time-Resolved MR Angiography with
Dynamic Susceptibility Contrast Perfusion MR Imaging
(Using Parallel Imaging Techniques)
Gauvrit, J. Y.1,2 · Law, M.1 · Chen, Q.1 · Carson, R.1 · Xu, J.3
1

New York University Medical Center, New York, New
York, NY, 2Hopital R Salengro, Lille, FRANCE, 3Siemens
Medical Solutions, Erlangen, GERMANY
PURPOSE
Time-resolved (TR) MR angiography (MRA) and dynamic
susceptibility contrast perfusion MR imaging (DSC MRI)
provides independent information about the intracranial
macro- and micro-vasculature. The purpose of this study is
to obtain TR MRA of the intracranial circulation along with
dynamic susceptibility contrast perfusion MR imaging in the
same protocol.

MATERIALS & METHODS
Axial 3D TR MRA with TREAT (Time-resolved echoshared angiographic technique) TR 2.3 ms; TE 0.8 ms; flip
angle 25; Bandwidth 900 Hz/pixel with an iPAT (integrated
parallel acquistion technique) factor of 2 was performed at
1.5 T before DSC MRI (TR = 1000 ms, TE = 40 ms, FA =
90) in 16 patients with intracranial tumors (diagnosis and
follow up). Five ml of gadopentate dimeglumine
(Magnevist, Berlex Laboratories) was injected at 3 ml/s for
the TR MRA followed by 15 ml at 5 ml/s for the DSC MRI.
Time-resolved MRA with a slice thickness of 3 mm provides
almost whole brain coverage. The maximal rCBV was measured from the perfusion color maps. Two observers reviewed
the images for the conspicuity of the arterial supply and
venous drainage in relation to the tumor and rated MRAs for
the definition based on a three-point scale ranging from well
defined (graded as 3), seen (graded as 2), or poorly defined
(graded as 1).
RESULTS
Macro-vasculature as the arterial supply and venous
drainage were well visualized in all 16 patients from the TR
MRA data. Images scored at 34 (out of possible 48).
Maximal rCBV measurements also were obtained in 16
patients. High-grade gliomas demonstrated high rCBV (3.35
± 0.89) and low-grade gliomas had low rCBV (1.65 ± 0.79),
p value = 0.005.
CONCLUSION
Using a standard dose of gadolinium, it is possible to combine time-resolved MRA of the intracranial circulation with
first-pass DSC MRI to obtain information about the macroand micro-vasculature simultaneously.
KEY WORDS: Time-resolved MR angiography, dynamic susceptibility contrast perfusion MRI
Poster 78
Semi-Automated Segmentation versus Expert Ratings in
Hypertensive White Matter Disease
Vandermeer, P. A. · Lefkowitz, D. M. · Roys, S. · Spencer, R.
· Gullapalli, R. · Gerber, E. · Katzel, L. I. · Siegel, E. ·
Waldstein, S.
University of Maryland
Baltimore, MD
PURPOSE
Expert ratings have been the most commonly employed
technique for scoring abnormalities on MR imaging in studies correlating white matter (WM) disease with psychometric testing and biochemical markers. Although these
approaches are well validated for reproducibility and have
earned general acceptance (Fazekas, 1989), they are nevertheless semiquantitative at best, and subject to the vagaries
of human fallibility, such as observer fatigue and subjective
interpretation. To address these shortcomings, we developed
a simple lesion analysis program that provided localized segmentation and minimal operator input to finalize lesion edge
detection. We hypothesized when contrasting groups of subjects previously stratified by severity of WM disease based
on expert ratings, they would display corresponding volumes
by our technique. Further, biomedical markers of WM dis-
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ease and psychometric measures of cognitive function would
correlate more strongly with volumetric measures of WM
lesions than expert ratings.

RESULTS
Spearman correlations revealed significant associations
between DWM total lesion volume and expert ratings of
DWM (r = 0.56, p < .001), and between PVWM total lesion
volume and expert ratings of PVWM (r = 0.62, p < >001).
With respect to biomedical markers, all DWM and PVWM
ratings, whether total lesion volumes or expert ratings, were
weakly and nonsignificantly correlated with systolic blood
pressure, fasting plasma glucose, high density lipoproteincholesterol, and waist circumference. Analysis of cognitive
function data revealed small and nonsignificant correlations
with expert ratings of DWM and PVWM, and DWM total
lesion volume. In contrast, PVWM total lesion volume was
correlated significantly with all cognitive function measures
including Trail Making Test Part A and B, the Stroop ColorWord Test, and Grooved Pegboard - Dominant and
Nondominant Hands (r’s = 0.36 to 0.44, p’s < .05).
CONCLUSION
Computerized assessment of DWM and PVWM lesion volumes correlated significantly with expert ratings of these
measures. All measures were weakly associated with biomedical markers, likely due to the relative health of the present sample. However, PVWM lesion volumes were far superior to expert ratings in terms of association with cognitive
function measures of perceptuo-motor speed, manual dexterity, and executive function.
REFERENCES
1. Fazekas F. Magnetic resonance signal abnormalities in
asymptomatic individuals: their incidence and functional
correlates. Eur J Neurol 1989;29:164-168

KEY WORDS: Ischemia white matter, MATLAB program

Reformatting 5 mm CT Head Scans to Thinner Slices:
Finding Gold in the Raw Data
Khan, R. · Mamourian, A. C.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
To further raise awareness of the possibility of extracting
clinically important information from thinner reconstructed
images from CT scans acquired on multislice CT scanners.
MATERIALS & METHODS
On selected CT head scans acquired nonhelically on either
our 16 or 64 slice CT scanners (GE), after review of the
usual 5 mm slices, we have gone back to the raw data to
allow display of thinner (usually 1.25 mm) sections. In many
cases these were displayed as coronal or sagittal reformats.
RESULTS
In this exhibit we will review the physics of the multidetector CT scanner in order to explain why this data exists but is
not apparent to the reader. We will show examples from our
clinical practice of cases where this approach had significant
clinical impact. These cases will include a suspected basilar
artery tip aneurysm which was found to represent dolichoectasia once viewed in a sagittal oblique plane, air in the ophthalmic veins in coronal reconstructed sections that was
unapparent on 5 mm sections, a suspected colloid cyst,
orbital and temporal fractures that were much more apparent, and a suspected middle cerebral aneurysm that was confirmed on coronal reconstructed images. In some cases, such
as one case with two subcentimeter brain parenchymal hemorrhages, these lesions were missed on the initial read with 5
mm sections.
CONCLUSION
We found that in many situations this approach is very useful for either confirming subtle findings on the 5 mm slices
or for allowing differentiation of benign variations of anatomy from pathology. Additionally, this can avoid both further
radiation to the patient and the cost of an additional exam, in
cases such as suspected skull base fractures. We think this
option should be integrated into the daily practice of radiologists and wonder if display of the 1.25 mm images may not
become part of standard practice.
KEY WORDS: Reformat, CT, head

Posters

MATERIALS & METHODS
Thirty-five healthy, older adults were derived from a larger
investigation of cardiovascular risk factors, brain imaging,
and cognition. Participants were free of dementia, stroke,
and other major medical disease. They underwent biomedical assessment, neuropsychological testing, and MR imaging. Comprehensive expert ratings analysis of MR images
were performed previously. T1, proton density, T2, and
FLAIR (if available) images were segmented using a customized MATLAB program. Proton density was the primary
determinant for identifying both deep white matter (DWM)
and periventricular white matter (PVWM) on total lesion
volume. Correlations were sought between these measures
and expert ratings of WM disease. Differential relations of
the DWM and PVWM lesion total volumes versus the expert
WM ratings were examined with respect to biomedical
markers (e.g., fasting glucose, resting clinic BP), and tests of
cognitive function (e.g., perceptuo-motor speed, manual
dexterity, executive function).
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Poster 81

Highly Constrained Back Projection for Ultrafast
Cerebrovascular MR Angiography

Evaluation of Iron Content with Susceptibility-Weighted
Imaging Using a Phantom Study: Comparison with
Gradient-Recalled Echo and Gradient-Recalled EchoType Echo-Planar Imaging Sequences

Kim, N.1 · Turski, P.1 · Wu, Y.1 · Wu, Y.1 · Wieden, O.1 ·
Korosec, F.1 · Brittain, J.2 · Rowley, H.1 · Keinitz-Aagaard,
B.1 · Turk, Q.1 · Mistretta, C.1
1

2

University of Wisconsin, Madison, WI, GE Healthcare,
Waukesha, WI
PURPOSE
The purpose of this poster is to present the principles associated with a new ultrafast MR angiography (MRA) technique
call HYPR TRICKS (HighlY constrained back PRojection time resolved imaging of contrast kinetics). HYPR is a fundamentally different approach to improving the frame rate of
time-resolved contrast-enhanced MRA. Unlike other techniques that rely on view sharing, HYPR is based on the concept of constrained back projection.
MATERIALS & METHODS
For each time frame different sets of interleaved projections
are acquired and combined to generate a composite image
having the maximum possible number of independent projection angles. For contrast-enhanced angiography the projections for each time frame are acquired sequentially. The
composite image defines potential vessel locations. The projections in each time frame are back-projected, but are constrained to deposit signal only in the locations defined by the
composite image. This virtually eliminates back-projection
streak artifacts. Many pixels contribute to the formation of
the projections in each time frame resulting in the individual
time frame, signal to noise ratio (SNR) being determined by
overall scan time rather than frame time, providing high
SNR even in very short high-resolution time frames. Signal
to noise ratio and waveform fidelity are dependent on the
density of vessels. The exceptional temporal resolution of
the technique allows separation of arterial and venous structures.
RESULTS
Extensive testing in flow phantoms and volunteers has confirmed that approximately 10-20 radial k-space projections
are sufficient to isolate temporal behavior. Frame rates of
500 msec can be obtained.
CONCLUSION
This innovation is a significant advance for increasing frame
rates in contrast-enhanced MRA. HYPR provides complete
three-dimensional datasets that can be generated at virtually
any time point in the contrast bolus using as few as 10-20
radial projections. The HYPR technique can be generalized
to other applications in which the values MR parameters are
sequentially altered (1).
REFERENCES
1. Mistretta CA. Highly constrained backprojection for time
resolved MRI. Accepted for publication in MRM.

Acknowledgment: Work is supported in part by NIH
1R01HL72260-01 and 1RO1HL/RR66488-01A1
KEY WORDS: MR angiography, ultrafast, HYPR-TRICKS

Akter, M.1 · Hirai, T.1 · Hiai, Y.1 · Kitajima, M.1 · Komi, M.1 ·
Murakami, R.1 · Haacke, E.2 · Takahashi, M.3 · Yamashita, Y.1
1

Kumamoto University, Kumamoto, JAPAN, 2Wayne State
University, Detroit, MI, 3International Imaging Center,
Kumamoto, JAPAN
PURPOSE
Susceptibility-weighted phase imaging (SWI) offers a new
means of contrast for neuroimaging applications. The purpose of this study was to evaluate the sensitivity of SWI for
depicting iron content as compared with gradient-recalled
echo imaging (GREI) and GRE-type single-shot echo-planar
imaging (GRE-EPI).
MATERIALS & METHODS
We constructed a phantom that consisted of eight plastic
chambers of 10 mm diameter, filled with 2% wt/wt agar containing different concentrations of superparamagnetic iron
oxide, in an 2% wt/wt agar bath. Iron concentration varied
with a range of 0-2700 µg of iron per milliliter. The phantom
was imaged with a 1.5 T MR imaging unit equipped with a
head coil. All sequences used a slice thickness of 5 mm and
a matrix of 256 x 148-192. Contrast-to-noise ratio (CNR)
between the agar within the chamber and the surrounding
agar was measured. The signal increase rate (SIR) at lower
concentration was calculated from iron concentration-CNR
curves. Using a four-point scale, the degree of signal-intensity decrease within the chambers and the distortion of the
chambers was assessed qualitatively by two radiologists.
Statistical analysis was performed by using one-factor analysis of variance (ANOVA) to determine statistical significant
differences among the three sequences.
RESULTS
The SIR for GREI, GRE-EPI, and SWI sequences was 0.8,
1.38, and 1.27 /µg of iron per milliliter. In the qualitative
assessment of the degree of signal-intensity decrease within
the chambers, GRE-EPI and SWI sequences had higher
scores than GREI sequence (p < 0.05). In evaluating distortion of the chambers, the GREI and SWI sequences were less
severe than the GRE-EPI sequence (p < 0.05).
CONCLUSION
The SWI sequence has the similar sensitivity to GRE-EPI
sequence for depicting iron content without severe image
distortion.
KEY WORDS: Intracranial hemorrhage, MR imaging
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Intracranial Hypotension Syndrome and MR Imaging:
The Role of the “Internal Auditory Canal” Sign

Moderate and Severe Traumatic Head Injury: What Is
the Prognostic Value of MR Imaging?

Catalucci, A. · Pupillo, V. · Zugaro, L. · Limbucci, N. ·
Gallucci, M. · Masciocchi, C.

Ramos, A. · Lagares, A. · Ballenilla, F. · Millan, J. M. · PerezNunez, A. · Campollo, J. · Diez-Lobato, R.

University of L'Aquila
L'Aquila, ITALY

Hospital 12 de Octubre
Madrid, SPAIN

PURPOSE
Intracranial hypotension (IH) is a rare condition mainly consisting of postural headache. It could be spontaneous (SIH,
by spinal CSF leakage) or secondary. We retrospectively
reviewed and reported the main MR imaging features in case
of intracranial hypotension, pointing our attention to the
“internal auditory canal sign” (IAC sign), never before
described in the literature.

PURPOSE
The objective of this work is two-fold. In the first place, we
have tried to determine the role of MR findings in establishing the prognosis of patients with moderate and severe traumatic brain injury (TBI), measured with different outcome
scales. In the second place, we have tried to determine in
which patients the information given by MR findings add
prognostic information to that already given by traditional
methods.

MATERIALS & METHODS
MR imaging of 30 patients affected by SHI were evaluated
to identify the main MR imaging features of this pathologic
condition (diffuse pachimeningeal thickening and enhancement, brain “sagging”, pituitary and cavernous sinuses
enlargement) and the IAC sign: the Gd enhancement close to
the IAC wall. The presence of this sign was evaluated in 12
cases with meningeal changes by different causes (3 meningitis in otomastoiditis, 3 pachymeningeal carcinomatosis, 3
bilateral subdural hematomas, 1 sarcoidosis, 2 postsurgery).
Axial images before and after Gd were always available;
sagittal images in 19 cases, coronal ones after Gd in 25
cases; three patients underwent myelo-MR imaging, three
patients both myelography and myelo-CT.
RESULTS
Dural thickening/enhancement were observed in all cases;
brain sagging in 18/19, pituitary and cavernous sinuses
enlargement in 23/24; the IAC sign in 26/27. In the 12 cases
examined as controls it was never observed. In 2/3 cases in
which myelo-MR imaging showed the CSF leak, it was confirmed by myelo-CT.
CONCLUSION
Our experience confirms the diagnostic role of MR imaging
in case of SIH. We believe the IAC sign to have a diagnostic
accuracy equal or superior to the other MR imaging features;
it could be useful in case of atypical presentation.
KEY WORDS: Intracranial hypotension, internal auditory
canal, MR imaging

MATERIALS & METHODS
One hundred patients suffering moderate or severe head
injury on whom MR imaging had been performed in the first
30 days were included. Our MR imaging protocol for TBI
included T1-weighted sagital images, axial and coronal T2weighted and FLAIR images, and sagital and axial T2 gradient-echo views. All clinical variables related to prognosis
were registered, as well as the data from the initial CT. The
MR imaging was evaluated blindly by two neuroradiologists. All lesions were registered as well as the classification
of lesions related to DAI following Adams et al. classification. Outcome was determined 6 months after head injury by
means of the extended version of the Glasgow outcome scale
and applying the Barthel index and the Mini-Mental State
examination. The relation between the different factors
recorded during admission and outcome 6 months after head
injury measured by different scales was evaluated by means
of uni and multivariate analysis (logistic regression). The
prognostic capacity of the different factors was compared by
the analysis of ROC curves and the area under the curve for
each factor. By comparing the areas of models with and
without the information given by MR imaging and comparing the areas under the ROC curve derived from the same
cases, the gain in prognostic information given by models
using MR imaging from those models using conventional
prognostic factors can be determined. For determining which
patients could benefit more from the potential increase in
prognostic information given by MR imaging, the same
approach was used selecting different subsets of patients by
the motor subscale of the GCS.
RESULTS
The information obtained by cranial MR imaging is most
useful in determining prognosis after moderate and severe
head injury, and its contribution to the prognostic models is
superior to the information offered by cranial CT. Patients
with dorsolateral brainstem lesions have poor outcome. The
classification of MR findings by the scale of Gentry/Adams
establishes groups of patients with different outcome. The
deeper the lesion the worse the prognosis. Motor GCS and
lesion localization in MR imaging are the most important
predictors of outcome in patients with moderate and severe
head injury. Patients with motor GCS less or equal to 4 benefit most from the information provided by MR imaging.
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CONCLUSION
The anatomical substrate of TBI depicted by MR imaging is
the most useful prognostic tool in patients suffering moderate and severe head injury. Patients with a score or 4 or less
in the motor subscale of the GCS scale are those who benefit most for the prognostic information provided by MR
imaging.
KEY WORDS: Brain injury, head trauma, MR imaging
Poster 84
High-Resolution Vessel Wall Imaging: Is Double
Inversion Preparation Necessary?
Saloner, D.1 · Gelombickaite, R.1 · Chung, Y.2 · Van Tyen, R.1
· Wintermark, M.1 · Pan, X.1 · Simonetti, O.3 · Rapp, J.1

CONCLUSION
Double inversion recovery has long been considered to have
substantial benefits over other imaging approaches in evaluating vessel wall disease. However, this method is relatively
time-consuming, even when implemented as in this study
with three widely separated slices acquired simultaneously.
The results of this study show that images of equivalent or
better quality can be acquired in half the time using a more
efficient multislice method. It is possible that double inversion recovery methods might be more effective in delineating the lumen in the presence of flow recirculation which
occurs at lower degrees of atherosclerosis. However, in all
cases, MR angiographic information can be used to resolve
whether intralumenal signal results from recirculation or
reflects the presence of plaque.
KEY WORDS: Atherosclerosis, black blood
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University of California San Francisco, San Francisco, CA,
Siemens Medical Systems, Chicago, IL, 3University of
Ohio, Columbus, OH
2

PURPOSE
To determine whether double inversion preparation imaging
is an essential requirement in obtaining high quality black
blood images of extracranial carotid disease.
MATERIALS & METHODS
Patients with suspected disease of the extracranial carotid
arteries were recruited for high-resolution MR imaging of
the extracranial carotid bifurcation. In addition to angiographic imaging, T2 and proton density imaging, a comparison was made of T1-weighted images acquired using fat saturated FSE black blood images using either three-slice double inversion recovery preparation or multislice parallel saturation preparation. All T1-weighted studies were acquired
with identical matrices, slice thickness, TR/TE and echo
train length. The double inversion recovery method required
6 minutes for 24 slices, and the parallel saturation method
required 3 minutes for 24 slices. Slices acquired with each
method at the same level were selected for two locations for
each of 24 subjects. These 96 images were rated in random
order by three experienced readers on a scale of 1 to 5 for
image quality with respect to: definition of the vasular
lumen, definition of the vessel wall, SNR of soft tissue,
effectiveness of fat saturation, and insensitivity to gross
motion. In addition, studies were presented of the 48 pairs
matched for location but in random presentation, and a
blinded choice was made as to which of the two images had
overall superior image quality or whether they were equivalent.
RESULTS
The image quality of the multislice parallel saturation
method was found to be generally equivalent to or slightly
better than that of the double inversion recovery images on
all image quality characteristics. In a side-by-side comparison, the multislice method was considered superior in 33%
of cases, the double inversion recovery method was deemed
to be superior in 25% of cases, and the two methods were
thought to be equivalent in the remaining 42% of cases.

Poster 85
Assessing Lumenal and Wall Changes in Progressive
Intracranial Aneurysmal Disease
Saloner, D. · Dispensa, B. · Lawton, M. · Higashida, R. ·
Young, W.
University of California San Francisco
San Francisco, CA
PURPOSE
To develop methods for monitoring changes in the lumen
and wall of intracranial aneurysms.
MATERIALS & METHODS
Nine patients with untreated intracranial aneurysms were
followed over time using MR imaging methods. These
aneurysms were left untreated because of anatomical and
physiological reasons that resulted in unfavorable treatment
options. In addition, one patient with a giant fusiform basilar
aneurysm underwent a vertebral to superior cerebellar artery
bypass and was studied prior to and posttreatment. All
patients received a high-resolution contrast-enhanced MR
angiogram (CE MRA), and a series of 24 thin slice (2 mm)
fast spin-echo images covering the anatomy of interest.
Through plane and in-plane velocity imaging was performed. Repeat imaging was obtained at annual intervals.
The aneurysm volume was measured and the wall volume
was measured.
RESULTS
Lumenal volume imaging showed variable rates of
aneurysm volume change with time. Four of the nine subjects showed significant volume changes that were greater
than 10%. Six of the nine subjects had no thickening of the
vessel wall. Of the three other subjects who were followed
over time, one showed a substantial deposition of intraluminal thrombus along the length of the aneurysm, and the other
two had large wall volumes substantially isolated from the
aneurysm which presumably represented thrombosed lobules of the aneurysm. The patient who underwent bypass surgery was shown to have an immediate dramatic reduction in
lumenal volume (see Figure), that was found from the mask
CE MRA images to be occupied by intralumenal thrombus.
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CONCLUSION
CT angiography is a safe, effective, and sensitive diagnostic
test for the detection of blunt cervical vascular injury with
sensitivity comparable to DSA, which saves time, cost, and
radiation exposure to patients, and obviates the need for an
invasive study.
KEY WORDS: CT angiography, trauma

CONCLUSION
High-resolution MR angiography/MR imaging can be used
to noninvasively monitor lumenal and wall changes in individuals with intracranial aneurysms. The multiple contrast
mechanisms in FSE, and CE MRA which include the precontrast mask images, can be combined to provide crisp
delineation of the lumenal wall (CE MRA), and the vessel
outer wall (FSE), and to identify the presence of methemaglobin in fresh thrombus (mask CE MRA). In addition, MR
velocity imaging provides important information on hemodynamics. The combined information provides important
insights into the natural history of intracranial aneurysms,
and into their response to different interventions.
KEY WORDS: Aneurysm, thrombus, hemodynamics
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CT Angiography for the Diagnosis of Blunt Cervical
Vascular Injury
Perez, C. L. · Chason, D. P. · Eastman, A. L. · McAnulty, A.
L. · Minei, J. P.
University of Texas Southwestern Medical Center
Dallas, TX
PURPOSE
To evaluate and compare CT angiography (CTA) with digital subtraction catheter angiography (DSA) for the diagnosis
of blunt cervical vascular injury (BCVI).
MATERIALS & METHODS
During an 11-month period, 146 patients, identified as atrisk for BCVI as determined by the modified Denver screening criteria, were evaluated. A screening CTA of the cervical
and intracranial vessels was obtained using a GE Lightspeed
16-channel CT scanner, followed by postprocessing and
review of axial source images, 2D and 3D reconstructions
performed on a workstation. Interpretation of each CTA was
blinded to the results of the confirmatory DSA. All patients
underwent DSA of the aortic arch, cervical and intracranial
vessels.

Poster 87
CT Angiography in the Evaluation of Atherosclerotic
Disease of the Great Vessels Arising from the Aortic Arch
Given, C. A. · Watson, J. K. · Troffkin, N. · Lee, C.
University of Kentucky
Lexington, KY
PURPOSE
While the effectiveness of CT angiography (CTA) in the
evaluation of carotid bifurcation disease has been well established, there is a relative paucity of literature depicting the
utility of CTA in the evaluation of atherosclerotic disease of
the great vessels arising from the aortic arch. The purpose of
our study is to evaluate the efficacy of CTA in detecting atherosclerotic disease of the great vessels arising from the aortic arch (innominate, common carotids, and left subclavian
arteries). Technical considerations for optimal evaluation
and potential imaging pitfalls are discussed also.
MATERIALS & METHODS
A retrospective study of 19 patients who underwent both
CTAs of the neck and DSA arch aortagrams for evaluation of
atherosclerotic disease or stroke-like symptoms from July
2002 through November 2005. All studies were evaluated
specifically to determine the accuracy of CTA in detection
and characterization of atherosclerotic disease and stenosis
within the great vessels arising from the aortic arch, utilizing
the DSA studies as the “gold standard” reference.
RESULTS
Seventy-six vessels in 19 patients were evaluated for the
presence and severity of atherosclerotic disease. Forty-four
vessels were categorized as normal, 26 without significant
stenosis, 3 with hemodynamically significant stenosis, and 3
as completely occluded. These then were subdivided into
hemodynamically insignificant/normal (70 total vessels) and
hemodynamically significant/occluded (6 total vessels).
Sensitivity of CTA for detection of hemodynamically significant/occluded vessels was 86%, with one lesion falsely classified as normal secondary to streak artifact from the contrast
bolus administered froma a left arm injection. Specificity of
CTA for the detection of hemodynamically significant steno-
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RESULTS
Forty-six vascular injuries were identified in 43 patients on
DSA. In 45 of 46 injuries, the results of CTA and DSA were
concordant. A single false-negative CTA occurred in a
patient with a grade I vertebral artery injury that required no
intervention. The remaining 103 patients had normal CTAs
confirmed with DSA. The overall sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy of CTA for BCVI were 97.7%, 100%, 100%,
99.3%, and 99.3%, respectively.
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sis/occluded vessels was 100%. The negative predictive
value of the CTA studies was 96%, with the positive predictive value was 100%.
CONCLUSION
CT angiography proves reliable for the evaluation of atherosclerotic disease of the great vessels arising from the aortic
arch with sensitivity and specificity similar to that achieved
with cervical carotid disease.
KEY WORDS: CTA, brachiocephalic, atherosclerosis
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Leptomeningeal Superficial Siderosis of the Brain following Surgical Treatment of Spontaneous Transdural
Herniation of the Spinal Cord without Dural Repair
Colosimo, C.1 · di Lella, G. M.1 · Cianfoni, A.1 · Caulo, M.2 ·
Doglietto, F.1 · Maira, G.1 · Bonomo, L.1
1

Universita' Cattolica del Sacro Cuore, Rome, ITALY,
Universita' G. d'Annunzio, Chieti, ITALY

2

PURPOSE
To describe leptomeningeal superficial siderosis of the brain
as a possible complication of surgical reduction of spontaneous transdural herniation of the spinal cord (TDHSC), if
duroplasty is not performed. To emphasize the importance of
dural repair (duroplasty) after surgical reduction of TDHSC,
to avoid late and potentially disabling complications.
MATERIALS & METHODS
We retrospectively reviewed the clinical records and the neuroimaging studies of 9 consecutive patients who underwent
surgery for spontaneous TDHSC. The procedure consisted of
successful reduction of the herniated spinal cord into the
dural sac for all patients. In 6/9 patients, reduction of the herniation was followed by repair of the dural defect (duroplasty); in 3/9 patients (2 female and 1 male, age 31-50 years at
initial diagnosis) the duroplasty was not performed. The
three patients that did not receive duroplasty, had TDHSC
respectively at the level of T3-T4, T6-T7, T7-T8 and presented clinically with a Brown-Sequard syndrome prior to
surgery. Neuroimaging follow up consisted of multiparametric brain and spine MR imaging (1.5 T), including GRE T2*weighted imaging.
RESULTS
All patients that received duroplasty after surgical reduction
of TDHSC showed an uncomplicated postsurgical course.
Each of the 3 patients that underwent surgical reduction of
spontaneous TDHSC without duroplasty showed improvement of their original neurologic symptoms. However, follow-up MR imaging scans of the spine revealed intrathecal,
extra-dural fluid collections of variable extent. Severe chronic headache was reported by two of these three patients.
Progressive sensory-neural hearing loss was diagnosed in
2/3 cases. One patient complained of midback pain. Followup brain MR imaging revealed leptomeningeal superficial
siderosis in all three patients who did not receive duroplasty,
between 2-27 years postsurgery. In one case, superficial
siderosis also was seen along the surface of the spinal cord
on GRE T2*-weighted images.

CONCLUSION
It has been suggested that treatment of TDHSC should consist of surgical reduction of the herniation without duroplasty, to minimize the intra and postsurgical morbidity. We
believe that the unrepaired defect in the dura in 3/9 patients
led to the formation of an intrathecal, extradural fluid collection. This abnormal communication between the intra and
extradural compartments likely was responsible for chronic,
repetitive micro-bleeding into the subarachnoid space, eventually resulting in superficial siderosis. Our series shows that
duroplasty always should be attempted as part of the surgical treatment of TDHSC, to avoid potentially debilitating
complications.
KEY WORDS: Superficial siderosis, transdural cord herniation, dural repair
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Role of Flow Biomechanics on Brain Aneurysm
Formation: In Vivo and In Vitro Studies Using
Experimentally Induced Brain Aneurysm Model in Rats
Tateshima, S.1 · Narushima, H.2 · Hakata, Y.2 · Nomura, K.2 ·
Tanishita, K.2 · Vinuela, F.1
1

University of California Los Angeles Medical Center, Los
Angeles, CA, 2Keio University School of Engineering,
Yokohama, JAPAN
PURPOSE
Past animal studies suggest that high fluid-induced wall
shear stress (WSS) appears to be related to aneurysm formation in healthy arteries. However, there have been no such
studies which investigated both hemodynamics and
histopathology of brain aneurysms. The purpose of this
study is to evaluate the hemodynamics and the extent of
degeneration of arterial wall tissues, especially internal elastic lamina (IEL) and medial smooth muscle cells (SMCs), in
experimentally induced aneurysms in rats.
MATERIALS & METHODS
The right common carotid artery of male 5-week-old
Sprague-Dawley strain rats each weighing 200 to 300 g was
ligated to induce an aneurysm in the contralateral carotid
artery. The aneurysms were induced regularly at the bifurca-
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RESULTS
A total of 33 rats was used in this study. Various stages of
aneurysm formation were observed in 24 out of 33 specimens; degeneration of IEL in 9: degeneration of IEL with
thinning of SMC layer in 10; noticeable dilatation of arterial
wall in 5. No aneurysm formation was noted in 9 specimens.
Endothelial cells were observed in all of the aneurysms. In
vitro hemodynamic study demonstrated fast flow in the parent artery and nearly stagnant flow within the aneurysms.
Fluid-induced wall shear stress was relatively high at arteryaneurysm border (aneurysm neck), and low in the aneurysm
dome.

CONCLUSION
Degeneration of arterial wall and resultant aneurysm growth
may occur due to high-wall shear stress noted at the edges of
artery aneurysm border.
KEY WORDS: biofluid mechanics, aneurysm
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Evaluation of the Stability of Cerebral Aneurysms
Treated with GDC Coils by Embolized Volume of
Aneurysm and MR Angiography
Morikawa, M. · Uetani, M. · Makino, K. · Ogawa, Y. ·
Kitagawa, N. · Horie, N. · Hayashi, K. · Nagata, I.
Nagasaki University School of Medicine
Nagasaki, JAPAN
PURPOSE
To assess the stability of GDC-treated aneurysm by
embolized volume of the aneurysm on intraarterial digital
subtraction angiography (IA DSA) and residual flow signal
in aneurysm on 3D TOF MRA.
MATERIALS & METHODS
We analyzed 35 intracranial aneurysms in 32 patients treated
with GDCs. These patients have been followed up with 3D
TOF MRA for at least 1 year. Follow-up MRA was performed every 3 to 6 months. Total of 214 MRAs and 28 IA
DSAs were performed during follow-up period. Aneurysms
with intraluminal thrombus were excluded from this study.
The percentage of the coil volume occupying the aneurysmal
lumen (embolized volume) was calculated with biplane IA
DSA. All MRA were performed with 3D SPGR sequence by
using a 1.5 T MR scanner. Volume of hyperintensity in
aneurysmal lumen on MRA was measured by using a workstation.
RESULTS
No rupture or rebleeding of treated aneurysm was observed
in the course of follow-up period. No coil compaction was
observed in 21 aneurysms of 18 patients. Coil compaction
was observed in 14 aneurysms on MRA, and confirmed by
IA DSA. Minor coil compaction was observed in five
aneurysms as increase of neck remnant, but no further treatment was required. In remaining nine with major coil compaction, six aneurysms were retreated with GDCs. No major
coil compaction was observed in the patient with embolized
volume more than 25%, with volume of residual flow signal
on MRA less than 15 mm3, and with aneurysmal volume less
than 95 mm3. The average volume of residual flow signal on
initial follow-up MRA was 12 mm3 in no compaction, 40
mm3 in minor compaction, and 118 mm3 in major compaction, respectively. The difference between the group
without coil compaction and the group with coil compaction
was statistically significant. In comparison with 28 followup IA DSAs, MRA demonstrated residual flow in treated
aneurysm more clearly in 15 of the 28 studies.
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tions of anterior cerebral artery (ACA) and olfactory artery
(OA). NaCl and beta-aminopropionitrile with general diet
was given as a diet to induce hypertension and to weaken the
connective tissue in the arteries. Three to seven months after
the carotid ligation, rats were sacrificed and micro CT
angiography of the induced aneurysms and parent arteries
were obtained, followed by harvest of ACA-OA bifurcations. The harvested specimens were fixed with10% neutral
buffered formalin. Elastica van Gieson stain was used for the
light microscopic evaluation. Based on micro CT images,
geometrically realistic in vitro models also were created for
the flow study. Flow velocity and WSS were measured with
the use of laser Doppler velocimetry and particle imaging
velocimetry.
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RESULTS
Using the data obtained with 4D-Flow, we could display 2D
velocity vector fields with 3 directional flow informations on
arbitrary planes (Fig.1). We could generate 3D stream lines,
path lines and streak lines from any plane. After the interpolation of the velocity data by Flova, we could calculate the
WSS of intracranial arteries (Fig.2) and display the change
of WSS related to ECG cycle.

CONCLUSION
Measurement of embolized volume on IA DSA and assessment of residual flow signal on initial follow-up MRA are
useful to predict coil compaction of GDC-treated aneurysm.
KEY WORDS: Cerebral aneurysm, GDC, MR angiography
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Analysis of Wall Shear Stress of Intracranial Arteries
Using Time-Resolved Three-Dimensional PhaseContrast MR Imaging: Preliminary Report
Yamashita, S.1 · Isoda, H.1 · Takeda, H.1 · Okura, Y.2 · Kosugi,
T.2 · Inagawa, S.1 · Takehara, Y.1 · Hirano, M.3 · Nozaki, A.3 ·
Alley, M. T.4 · Pelc, N. J.4 · Sakahara, H.1
1

Hamamatsu University School of Medicine, Hamamatsu,
JAPAN, 2Renaissance of Technology Corporation,
Hamamatsu, JAPAN, 3GE Yokogawa Medical Systems,
Hino, JAPAN, 4Stanford University School of Medicine,
Stanford, CA
PURPOSE
Wall shear stress (WSS) of the arterial wall affects the development of vascular lesions such as aneurysms or atherosclerosis. To maintain a healthy arterial wall, adequate WSS is
required. Wall shear stress is defined as blood viscosity times
velocity gradient. If we could measure the velocity gradient
of intracranial arteries, we could calculate the WSS. The purpose of our study was to analyze WSS of intracranial arteries using time-resolved 3D phase-contrast MR imaging (4DFlow) and our originally developed software (Flow visualization and analysis, Flova).
MATERIALS & METHODS
MR examinations for five healthy volunteers (age, 29-48
years old; 36.4 years old on average) were performed with a
1.5 T MR unit. 4D-Flow was carried out with the following
parameters; TR/TE/NEX = 4.8/1.9/1, FA = 15, RBW = 62.5,
FOV = 16 cm, Matrix = 160 x 160, slice thickness = 1.6 mm,
number of slices = 20, VENC = 40-200 cm/s, each acquisition time = 15 minutes. To detect the contour of intracranial
arteries, we used the data of TOF MRA. We analyzed 4DFlow data using our originally developed software.

CONCLUSION
Using the 4D-Flow data we could analyze the in vivo hemodynamics of intracranial arteries and WSS. Low WSS is
thought to be related to the occurrence of atherosclerotic
lesions and aneurysmal rupture, while high WSS is thought
to be related to the occurrence of aneurysms. After verifying
the accuracy of 4D-Flow and Flova in calculating WSS, we
hope to predict the risk of vascular lesions or the probability
of aneurysmal rupture using this method.
KEY WORDS: Hemodynamics, wall shear stress, phase-contrast MR imaging
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Interpretation of Acute Stroke on CT Scans by Radiology
Residents: Accuracy by Level of Training
Dillon, C. · Erly, W. K.
University of Arizona
Tucson, AZ
PURPOSE
To determine the accuracy of radiology residents based on
both years of training and months of neuroradiology in interpreting acute stroke on CT scans.
MATERIALS & METHODS
Forty-five consecutive head CT scans considered positive
for acute stroke were selected along with 21 normal agematched controls. The presence of acute stroke was confirmed by at least three academic neuroradiologists and by
diffusion-weighted MR imaging scans. Cases were randomized and shown to first, second, third, and fourth year radiology residents at the University of Arizona. Residents were
asked to identify the presence or absence of acute stroke, and
if present, the vascular territory of the stroke, and their confidence in each finding. Residents were given a 6-level confidence scale; definitely absent, probably absent, possibly
absent, possibly present, probably present, and definitely
present. Results for both years of training, and months on the
neuroradiology service were compared using an analysis of
variance (ANOVA).
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CONCLUSION
Although all residents showed accuracy above 80% in the
detection of acute stroke, first year residents with no training
in neuroradiology performed the poorest when compared to
all other residents. These results support previous studies
involving detection of cerebral hemorrhage, fractures, and
tumors, and give further support to limiting first year residents on call responsibilities.

RESULTS
The distribution patterns for SVI and LVI were comparable
with respect to their lateralization and localization. There
were 50 acute infarcts, 33 being LVI and 17 being SVI.
Among the chronic group, there were 10 LVI and 22 SVI.
The variation of the number of infarcts when considering
calcium score was statistically significant for acute SVI (p <
0.0348), chronic SVI (p < 0.0148) and acute LVI (p <
0.0236). When the patients were divided into high calcium
(grades 3 and 4) and low calcium (grades 1 and 2) categories,
the high calcium group had increased likelihood of infarcts
in the order of 9.6 times for acute SVI, 6.5 for chronic SVI,
and 3.1 for acute LVI in the high calcium group. The correlation between high calcium score and periventricular hyperintensity was also very strong (p < 0.0012). Multifactorial
analysis with stepwise regression revealed intracranial atherosclerosis as a contributing factor for acute SVI.
CONCLUSION
The evaluation of intracranial calcium is an important step to
evaluate the impact of atherosclerotic ischemic changes on
the cerebral parenchyma. In our analysis, we found a correlation between intracranial arterial calcium grades and clinically obvious stroke or stroke precursors.
KEY WORDS: Atherosclerosis, stroke
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Correlation between Intracranial Arterial Calcium,
Cerebral Ischemic Parenchymal Changes, and
Cardiovascular Risk Factors with Multifactorial
Analysis
Han, R. · Baccei, S. · Erbay, S. · Bhadelia, R. · Krakov, W. ·
Polak, J.
Tufts New England Medical Center, Boston, MA

Evaluation of Paraclinoid Carotid Aneurysms with
Contrast-Enhanced 3D CISS MR Imaging
Hirai, T.1 · Kitajima, M.1 · Kai, Y.1 · Morishita, S.1 ·
Hayashida, Y.1 · Murakami, R.1 · Korogi, Y.2 · Kuratsu, J.1 ·
Yamashita, Y.1
1

Graduate School of Medical Sciences, Kumamoto
University, Kumamoto, JAPAN, 2University of Occupational
and Environmental Health, School of Medicine, Kitakyushu,
JAPAN

PURPOSE
Radiographic measure of arterial calcium was utilized as a
marker for underlying atherosclerosis. Our purpose for this
study was to evaluate the impact of intracranial atherosclerosis and cardiovascular risk factors on cerebral ischemic
parenchymal changes.

PURPOSE
The purpose of this study was to determine whether contrastenhanced three-dimensional (3D) constructive interference
in steady state (CISS) MR imaging is useful to differentiate
between intradural and extradural paraclinoid aneurysms.

MATERIALS & METHODS
Sixty-five consecutive patients presenting with stroke like
symptoms were evaluated retrospectively. There were 31
females and 34 males with ages ranging from 16 to 95 years,
mean age 64.4 years. Head CT and MR imaging scans were
reviewed by two blinded neuroradiologists by consensus. In
bone window images, the cavernous carotid arteries were
assigned a numerical calcium grade between 1 and 4. MR
images were evaluated for the number and location of
infarcts. The type of infarcts was divided as small vessel
(SVI) versus large vessel infarcts (LVI). Additionally, cardiovascular risk factors, arrhythmias, cardiac clots and
defects, head and neck arterial anomalies were included in
the risk analysis.

MATERIALS & METHODS
Ten paraclinoid aneurysms of 10 consecutive patients (all
females, 45-66 years) were included in this study. After conventional and contrast-enhanced 3D CISS imaging were performed at 1.5 T MR unit, all patients underwent surgical
treatment and were confirmed for the relationship between
the aneurysm and the dura. Two neuroradiologists evaluated
the location of the aneurysm on 3D CISS images and classified into three types: intradural, partially intradural, or
extradural. These were compared with operative findings.
The contrast-to-noise ratio (CNR) of the cavernous sinus and
cerebrospinal fluid (CSF) relative to the carotid artery were
measured for the contrast-enhanced 3D CISS images. As a
control, the CNR of them was also measured for 3D CISS
images without contrast enhancement.
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RESULTS
Accuracy results in acute stroke recognition for first, second,
third, and fourth year residents were 0.82, 0.84, 0.88, and
0.88 respectively. Overall performance (Receiver Operating
Characteristic Area Under the Curve - ROC Az) for detection
of stroke did not differ significantly (F = 1.338, p = 0.2932)
between resident year groups when tested with ANOVA. In
general, first year residents did poorest in almost all categories than all other groups. Only detection of stroke in the
posterior fossa reached statistical significance (p = 0.0031)
with first year residents performing significantly worse than
all other residents. Performance for each area of stroke as a
function of months of neuroradiology also had significant p
values (0.0032) for the posterior fossa as well. In general,
there was a trend towards increased performance as a function of months of neuroradiology training.
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RESULTS
Five aneurysms were intradural, four were extradural, and
one was partially intradural. All aneurysms were accurately
assessed with contrast-enhanced 3D CISS imaging. The
CNR between the cavernous sinus and carotid artery was
significantly higher for the contrast-enhanced study than for
the noncontrast-enhanced study. The CNR between the CSF
and carotid artery was high regardless of use of contrast
material.
CONCLUSION
Contrast-enhanced 3D CISS imaging is useful to differentiate between intradural and extradural paraclinoid aneurysms.

Table 1. Comparison of T2-weighted images between 3T and 1.5T for conspicuity of
abnormal SI
globus putamen caudate thalamus cerebral brain- cerebellum
pallidus (n=46)
nuclei
(n+=17) white
stem
(n=7)
(n=22)
(n=4)
matter
(n=24)
(n=62)
3T images
0
superior (+1)

4

0

6

14

5

1

Equal (0)

16

39

4

11

48

18

6

3T images
inferior (-1)

6

3

0

0

0

1

0

Table 2. Comparison of FLAIR images between 3T and 1.5T for conspicuity of abnormal
globus putamen caudate
globus putamen caudate
pallidus (n=46)
nuclei
(n=22)
(n=4)

KEY WORDS: Intracranial aneurysm, MR imaging, CISS
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Visualization of Brain Lesions at MR Imaging: A
Comparison of 1.5 T and 3 T
Kamada, K. · Kakeda, S. · Ohnari, N. · Moriya, J. · Sato, T. ·
Korogi, Y.
University of Occupational and Environmental Health
School of Medicine
Kitakyusyu, JAPAN
PURPOSE
To compare qualitatively the contrast of brain lesions detected with T2-weighted and FLAIR images at 1.5 T and 3 T.
MATERIALS & METHODS
Sixty-two consecutive patients (42 women, 20 men: mean
age 71.5 years; age range, 43-89 years), who underwent MR
imaging at both 1.5 T and 3 T and had at least one brain
lesion detected at MR images, were included in this study.
Two neuroradiologists excluded the patients with development of new symptoms or perceptible interval changes on
MR images between both systems in consensus. The mean
interval in acquisition of MR imaging between both systems
was 285 days (range: 40 - 637 day). T2-weighted imaging
(TR/TE/NEX: 4000/85/1 at 1.5 T and 4500/85/1 at 3 T) and
FLAIR imaging (TR/TE/TI/NEX: 8000/115/2000/ 2 at 1.5 T
and 12000/140/2600/2 at 3 T) were obtained in the axial
plane. The following three-point grading system was used to
evaluate the abnormal signal intensities regarding the conspicuity in basal ganglia (globus pallidus, putamen, and caudate nuclei), thalamus, cerebral white matter, cerebellum,
and brainstem on both T2-weighted and FLAIR images; +1:
3 T images were superior to 1.5 T images; 0: 3 T and 1.5 T
images were equal; -1: 3 T images were inferior to 1.5 T
images.
RESULTS
For lesion conspicuity in the globus pallidus, 3 T images
were significantly inferior to 1.5 T images in 6 (27%) of 22
lesions on T2-weighted images and in 7 (32%) on FLAIR
images (Tables 1 and 2). On the other hand, 3 T images were
equal or superior to the 1.5 T images regarding the conspicuity in the caudate nuclei, thalami, cerebral white matters, cerebellum, and brainstem.

thalamus cerebral brainthalamus cerebral brain(n+=17) white
stem
matter
(n=24)
(n=62)

cerebellum
cerebellum
(n=7)

3T images
0
superior (+1)

7

0

5

19

9

1

Equal (0)

16

32

4

11

43

15

6

3T images
inferior (-1)

7

7

0

1

0

0

0

CONCLUSION
Our results show that iron-induced susceptibility effect may
lead to underestimation of abnormal signal intensities in the
globus pallidus and putamen at 3 T system compared with
1.5 T. It is necessary to be familiar with these characteristics
of 3 T system on evaluation of various pathologic conditions.
KEY WORDS: MR imaging, high field strength
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Eye Deviation on CT Increases Sensitivity to Acute
Ischemic Hypodensity
Mahajan, V. · Khoury, J. · Minshew, P. · Muzaffar, M. · Shu,
P. · Khatri, P. · Abruzzo, T. · Leach, J. · Tomsick, T.
University of Cincinnati Medical Center
Cincinnati, OH
PURPOSE
Detection of early CT hypodensity following
ischemia/infarction is important for diagnosis and therapy.
Prior studies have demonstrated that CT-demonstrated conjugate eye deviation predicts presence and side of infarct and
predicts a poorer neurologic outcome (1, 2). We hypothesize
that inspection for eye deviation might prospectively sensitize the observer to the presence of early acute hypodensity
in the absence of specific clinical information. Our study
investigates the value of observing eye deviation on blinded
CT identification of early hypodensity following ischemic
infarct.
MATERIALS & METHODS
Two staff neuroradiologists and 2 neuroradiology fellows,
blinded to clinical data, reviewed 76 baseline CT hard-copy
films, performed within 3 hours of acute ischemia, from subjects in the Interventional Management of Stroke Study.
Films were reviewed by the readers at time points 3 months
apart, the first time with eyes taped over on the images, the
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RESULTS
Range of agreement between the first and second reading,
and agreement between readings and the gold standard are
shown (Table 1). Eye information availability was associated with significant improvement of agreement between the
readers and the gold standard for early ischemic hypodensity (p = 0.04), but not for HMCA ( p= 0.42).
Table 1. Kappas for agreement (ranges of 4 observers).
Reader

Reading 1 vs 2

Reading 1 vs

Reading 2 vs

Gold Standard

Gold Standard

Acute hypodensity

0.30 - 0.48

0.14 - 0.34

0.32 - 0.38

HMCA

0.56 - 0.81

0.48 - 0.63

0.59 - 0.70

When comparing first and second readings for hypodensity,
increased mean values for sensitivity (46.8% first, 56.5%
second), specificity (78.2%, 80.2%), positive predictive
value (72.0%, 80.7%), negative predictive value (55.5%,
61.0%), and percent agreement (61.0%, 67.5%) were noted.
CONCLUSION
Observation of eye deviation on CT scans significantly
improves reader sensitivity to acute ischemic hypodensity.
REFERENCES
1. Simon JE, Morgan SC, Pexman JHW, et al. CT assessment of
conjugate eye deviation in acute stroke. Neurology
2003;60:135-137
2. Tijssen CC, Bento PM, Schulte MD, et al. Prognostic significance of conjugate eye deviation in stroke patients. Stroke
1991;22:200-202
3. Liang KY, Zeger SL. Longitudinal data analysis using generalized linear models. Biometrika 1986;73:13-22

KEY WORDS: CT Infarct, CT hypodensity, eye deviation
Poster 97
Effect of Clinical History on Interpretation of
Noncontrast Head CT in Suspected Acute Ischemic
Stroke
Shewchuk, J. R.1 · Stanescu, L.2 · Fink, J. R.1 · Rebeles, F.1 ·
Kim, P.1 · Hallam, D. K.1 · Anzai, Y. O.1
1

University of Washington, Seattle, WA, 2Harborview
Medical Center, Seattle, WA

PURPOSE
To determine the effect of clinical history on the interpretation of noncontrast head CT in the setting of suspected acute
ischemic stroke.

MATERIALS & METHODS
Two hundred patients had noncontrast head CT and brain
MR imaging within 48 hours for suspected acute stroke from
January 2002 to August 2004. One hundred and fifty-six
patients were excluded due to presence of hemorrhage,
infarction localized in white matter or brain stem only, bilateral infarcts, or obvious infarction on noncontrast CT. Fortyfour patients were included in this analysis. Twenty-six
patients had one or more acute ischemic gray matter infarcts
on MR imaging and subtle findings on CT. Eighteen patients
without acute ischemic infarct on MR imaging served as a
control group. Three board certified radiologists, blinded to
the MR imaging results, interpreted each CT scan of the head
first without clinical history and then again in random order
with localizing clinical history. Readers recorded whether
there was evidence of acute ischemic gray matter infarct on
the CT scan of the head, and if so, where (infarcts were localized to 12 locations - frontal, parietal, temporal, occipital,
basal ganglia, and cerebellum, and either right or left), and
how confident they were of their diagnosis (on a 5 point
scale). Sensitivity and specificity for the detection of acute
ischemic gray matter infarcts were calculated for each reader and for the group of three readers on a per patient basis
and per location. Receiver operating characteristic (ROC)
curves were generated for each reader without and with history. The study was approved by institutional review board.
RESULTS
Pooled sensitivity and specificity per patient for the three
readers without history were 65% and 91% respectively, and
for interpretation with localizing history were 73% and 83%.
Per location, pooled sensitivity and specificity were 58% and
97% without history and 69% and 98% with localizing history. Differences between these values without or with history did not reach statistical significance. The difference
between pooled sensitivity based on location of infarcts
without and with localizing history approached statistical
significance (p = 0.064). The greatest differences were
between sensitivity for infarcts for Reader 1. Sensitivity by
location was 61% without history and 88% with localizing
history (p = .006). Sensitivity by patient was 77% without
history and 89% with localizing history (p = .044). The area
under the ROC curve averaged for the three readers
improved from no history (0.81) to localizing history (0.88).
This difference was only statistically significant for one of
the readers (p = 0.042).
CONCLUSION
Sensitivity for acute gray matter infarcts on noncontrast head
CT increased when radiologists were given localizing clinical history. This produced a small decrease in specificity.
Receiver operating characteristic curves also improved with
localizing clinical history. Appropriate neurologic clinical
history is helpful in the interpretation of noncontrast head
CT for suspected acute ischemic gray matter infarction.
KEY WORDS: Infarct, history
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second time with eyes visible. Readers were asked if early
hypodensity of the lenticular nucleus, insula, or cerebral
hemisphere, or if a hyperdense middle cerebral artery
(HMCA) was present, and on which side. Kappa statistics
were calculated to determine agreement between the 2 readings by the same reader, and between each reader and a gold
standard (the original case report form determination as
completed by the study neuroradiologist, where early hypodensity was identified in 43%, and HMCA in 38% of subjects). A generalized estimating equations modeling
approach was used to look at the overall effect of including
eye information for agreement between readers and gold
standard (3).
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Detection of Hemorrhage in Acute Infarct by MR
Imaging Including Susceptibility-Weighted Imaging in
Spontaneous Hypertensive Rats with Histopathologic
Correlation
Wycliffe, N. D.1 · Obenaus, A.2 · Tian, H.1 · Ashwal, S.1 ·
Raghavan, R.1 · Haacke, E. M.3
1

Loma Linda University Medical Center, Loma Linda, CA,
Loma Linda University, Loma Linda, CA, 3Wayne State
University, Detroit, MI
2

PURPOSE
Recent studies in humans suggest that susceptibility-weighted imaging (SWI) is the most sensitive imaging means to
detect hemorrhage in acute stroke compared to CT or other
conventional MR imaging sequences (1). This animal study
was undertaken to produce hemorrhagic infarcts in the brain
and compare different imaging methods including CT and
MR imaging including SWI and correlate their findings with
histopathology.
MATERIALS & METHODS
The study was approved by the Institutional Animal Care
and Use Committee. Nine 200-300 gm adult spontaneous
hypertensive rats underwent filament middle cerebral artery
occlusion (MCAO) for 90 minutes (2). The monofilament
then was withdrawn and recombinant tPA was administered
intravenously (10 mg/kg in one ml of saline over 30 minutes)
(3). The rats then underwent neuroimaging at 24, 48, and 72
hours using CT (Micro CT scanner) and MR imaging (4.7 T
Bruker Biospin) including T1, T2, diffusion-weighted imaging (DWI), and SWI. The rats then were sacrificed for
histopathology. Brain sections (30 um) were examined with
H&E and Prussian Blue stains for detection of infarct and
hemorrhage.
RESULTS
Five rats showed infarcts in the MCA territory in imaging
and histopathology. The infarcts were better seen in the DWI
and T2 than CT scan. Four rats showed hemorrhage in the T2
and SWI scans. Only one rat showed subtle increased density in CT suggestive of hemorrhage. Four rats showed hemorrhage in histopathology, both fresh hemorrhage and hemosiderin was noted in the Prussian Blue stain within the
infarct. One of the five rats with infarct showed no hemorrhage in imaging or histopathology within the infarct.
Susceptibility-weighted imaging was better in delineating
the hemorrhage and its extent within the infarct than T1 and
T2. Both the fresh hemorrhage and the hemosiderin showed
as identical low density in SWI. Three rats died due to systemic bleeding following tPA infusion and were discarded
from this study.
CONCLUSION
The initial findings of this animal study compare well with
recently reported retrospective study in humans which
reported that SWI is more sensitive than CT or other conventional MR imaging sequences for detection of hemorrhage in acute infarcts (1). This animal study shows similar
results; all the hemorrhage seen in histopathology within the
infarcts were seen well with SWI, better than CT, T1 and T2.
Both fresh hemorrhage and hemosiderin within the infarct

were seen as low density in SWI, and no other agent was
seen to correlate with the susceptibility effect seen in SWI
within the infarct.
REFERENCES
1. Wycliffe ND, Choe J, Holshouser B, Oyoyo UE, Haacke EM,
Kido DK. Reliability in detection of hemorrhage in acute
stroke by a new three-dimensional gradient recalled echo
susceptibility-weighted imaging technique compared to computed tomography: A retrospective study. J Magn Reson Imag
2004;20:372-377
2. Lo EH, Bosque-Hamilton P, Meng W. Inhibition of poly (ADPribose) polymerase, reduction in ischemic injury and attenuation of N-methyl-D-aspertate induced neurotransmitter
dysregulation. Stroke 1998;29:830-836
3. Meng W, Wang X, Asahi M et al. Effects of tissue type plasminogen activator in embolic versus mechanical models of
focal cerebral ischemia in rats. J Cereb Blood Flow Metab
1999;19:1316-1321
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Correlation between Intracranial Arterial Calcium and
Differential Patterns of Cerebral Parenchymal Atrophy:
A Multifactorial Analysis
Aftab, M. A. · Erbay, S. · Polak, J. · Bhadelia, R.
Tufts New England Medical Center
Boston, MA
PURPOSE
Arterial calcium is known as a reliable marker for underlying atherosclerosis. We sought to determine the relationship
between intracranial atherosclerosis measured as arterial calcium and differential patterns of cerebral parenchymal atrophy. This relationship has not been well studied in the scientific literature. If arterial calcium can be used as a marker for
cerebral atrophy, this may have significant consequences for
the treatment of neurodegenerative diseases.
MATERIALS & METHODS
Sixty-five consecutive patients presenting with stroke-like
symptoms were evaluated retrospectively. Thirty-one
females and 34 males with a mean age of 64.4 (standard
deviation of 17) were studied. Bone window images from
patient's head CTs at the level of the cavernous carotid arteries were assigned a numerical calcium grade between 1 and
4 by consensus between two blinded neuroradiologists. MR
imaging readings also were obtained blindly by consensus to
specify the degree of cerebral parenchymal atrophy. The
atrophy was divided further into cortical atrophy and central
(ventricular) atrophy. Atrophy scores ranged from 1 to 8,
with 8 being the most pronounced. Additionally cardiovascular risk factors incorporating hypertension, hypercholesterolemia, diabetes, history of cardiovascular and cerebrovascular events were included in the risk analysis.
RESULTS
Cortical atrophy was more pronounced in the high calcium
group (p < 0.0004). However, the difference was not significant after adjusting for other risk factors. In multivariate
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CONCLUSION
Correlation is noted between high intracranial arterial calcium and central atrophy. No definitive relationship between
intracranial arterial calcium and cortical atrophy is identified. In the present study, however, age correlates more
closely with cerebral atrophy than any other variable.
KEY WORDS: Calcium, atrophy, neurodegenerative
Poster 100
Relevance of “True” Prevalence of Pineal Cysts in
Normal Adults Demonstrated by High-Resolution,
Noncontrast Brain MR Imaging
Mahankali, S.1,2 · Pu, Y.2,3 · Hou, J.2 · Li, J.2 · Lancaster, J.2 ·
Fox, P.2 · Gao, J.2,3
1

The University of Texas M.D. Anderson Cancer Center,
Houston, TX, 2Research Imaging Center, San Antonio, TX,
3
University of Chicago, Chicago, IL
PURPOSE
Pineal cysts are routine findings in neuroimaging studies
involving normal adults. The prevalence of this observation
in autopsy series has been reported variably as being
between 25-41%. Several MR imaging studies have however documented the frequency of pineal cysts to range from
1.5-7.4%. The purpose of our high-resolution, thin-slice, MR
imaging study was to therefore, determine the “true” in vivo
incidence of pineal cysts in normal adults.
MATERIALS & METHODS
High-resolution, thin-slice, noncontrast, brain MR images
(Elscint Prestige 1.9 T, Haifa, Israel) pertaining to 100 normal healthy volunteers (70 males and 30 females; 19-39
years) from our International Consortium for Brain Mapping
project database were retrospectively evaluated. Institutional
Review Board approval was obtained prior to the initiation
of this review. All subjects signed an informed written consent. For all participants, both the 3D T1-weighted, GE
(TR/TE/θ0 = 24 ms / 6 ms / 250; FOV = 25.6 cm2; matrix =
2562; 1 mm slice thickness; NEX = 1), and T2-weighted,
FSE (TR/TE/ETL = 4200 ms/128 ms/14; FOV = 25.6 cm2;
matrix = 2562; 2 mm slice thickness; no interslice gap; NEX
= 1) images were qualitatively and quantitatively reviewed.
Pineal cysts were detected as circular areas of hypo- and
hyperintensity on T1- and T2-weighted images, respectively.
Additionally, the inner diameters of all visualized pineal
cysts were measured in the axial, sagittal, and coronal views,
and a 2 mm largest inner cross-sectional diameter criterion
was utilized to categorize cysts into small (< 2 mm diameter)
and large (> 2 mm diameter) cyst groups. Two experienced
neuroradiologists independently reviewed and interpreted all
the images with a coefficient of variation of < 1%.

RESULTS
Thirty-six subjects (36/100) revealed pineal cysts in this
high-resolution, thin-slice, MR imaging study. Of these, 23
(14/70 males and 9/30 females) had large cysts with a mean
largest inner cross-sectional diameter of 4.34 mm (range: 214 mm). The remaining 13 participants (8/70 males and 5/30
females) had cystic changes involving the pineal gland with
the largest inner cross-sectional diameter below 2 mm.
CONCLUSION
In contradistinction to preexisting MR studies in the literature, the “true” point prevalence rate of pineal cysts on thinslice, high-resolution, MR imaging is 36% in normal adults,
which correlates excellently and is consistent with previous
autopsy studies. Despite the pineal gland having important
physiological implications in humans, a majority of the cysts
are asymptomatic (as seen in our study) reinforcing the
notion that despite the high incidence of detection, further
workup or therapeutic intervention usually is unwarranted.
KEY WORDS: Pineal, cyst, brain
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Spectral, Instrumental, and Regional Variability on 76
Healthy Volunteers in a Short TE STEAM Single Voxel
Cerebral 1H MRS Study
Constans, J.1 · Kauffmann, F.2 · Bansard, J.3 · Hossu, G.1 ·
Rioult, F.2 · Théron, J.1 · Cremilleux, B.2 · De Certaines, J.4 ·
Courtheoux, P.1
1

Chu de Caen, Caen, FRANCE, 2Université de Caen, Caen,
FRANCE, 3INSERM, Rennes, FRANCE, 4Rennes Medecine
Faculty, Caen, FRANCE
PURPOSE
Measure amplitude, area and spectral profile variations
according to anatomical region, tissue type or instrumental
conditions in short TE single voxel cerebral 1H MRS within
a large group of healthy volunteers.
MATERIALS & METHODS
Sagittal T1, axial T2 and 3D T1 were done followed by single voxel (7 to 12 ml) STEAM MRS short TE (30 ms) at 1.5
T (GEMS). We studied spectral and instrumental variability
on 76 healthy volunteers (33 women and 43 men from 20 to
74 years old) in 7 anatomical regions. Data were processed
with SA/GE software from GE yielding amplitude, area and
relative concentration. We performed mean and CV comparisons, spectral and instrumental Correspondences Factorial
Analysis and hierarchical ascending classifications.
RESULTS
In human brain variability is greater than in phantom
depending on the metabolite, intra and interindividual variability, instrumental conditions and anatomical
regions.Tissular variability is more pronounced than regional variability especially for choline and N-acetylaspartate
(NAA). Some regions (like median parietal cortex or parieto-occipital white matter) or some metabolites (NAA or
Creatine for example) are less variable than others. Using
factorial analysis and hierarchical ascending classifications
we separated the data into homogeneous groups: 6 spectral
profiles and 5 instrumental. There are significant differences
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analysis, the most important factors affecting the cortical
atrophy in descending order were age, diabetes, and hypertension. Central atrophy also was more pronounced in the
high calcium group (p < 0.0001). Although significant, in
multivariate analysis the most important factors affecting
central atrophy were in descending order age, sex, and
intracranial arterial calcium score.
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between the 2 types of comparison done. The first being
between different anatomical regions within a same crossing
cell (cell from spectral and instrumental profiles). The second being between the same region from different crossing
cells.
CONCLUSION
Instrumental differences, anatomical regions and individuals
are important factors of normal spectral fluctuations to consider in order to improve sensitivity, quantitation and interpretation and comparisons with pathologic variations.
Further validations could be done in multicenter trials using
a larger control group analyzed with the same methodology
to confirm those results.
KEY WORDS: Spectral normal variability, short TE cerebral
1H MRS, multidimensional statistical analysis
Poster 102
Regional Cerebral Blood Flow Abnormalities in
Fibromyalgia Patients Using MR Perfusion Techniques
Foerster, B. R. · Petrou, M. · Chenevert, T. L. · Clauw, D. J.
· Sundgren, P. C. · Hoeffner, E. G.
University of Michigan
Ann Arbor, MI
PURPOSE
To determine if there are significant differences in regional
cerebral perfusion in fibromyalgia (FM) patients compared
to normal healthy controls as measured by MR perfusion
techniques that may allow us to gain insight into the pathophysiology of this condition.
MATERIALS & METHODS
Twenty FM patients and 19 age-matched control subjects
were studied with pre and postcontrast-enhanced conventional brain MR imaging as well as a perfusion sequence. All
subjects underwent similar baseline procedures, including
self-report questionnaires, standard labs, and pain pressure
testing. Postprocessing of perfusion data was done at an
Advantage Windows workstation equipped with the
Functool software (GE Medical Systems). Twenty circular
ROIs, 50 mm2 in size, were placed in selected gray and white
matter structures to allow calculation of relative quantitative
data for mean time to enhance (MTE) and negative enhancement integral (NEI). Student’s T-test was used for statistical
analysis. Results were considered significant at p < 0.05.
RESULTS
Relative MTE values were significantly lower in FM
patients compared to healthy controls in the following areas:
the bilateral insula, thalami, prefrontal dorsolateral gray matter, corona radiata, frontal white matter, parietal white matter, and in the right internal capsule.
CONCLUSION
Mean time to enhance as measured by MR perfusion may be
helpful in assessing patients with FM. The lower MTE values in FM patients compared to control subjects suggest that
perfusion is increased which is in contradistinction to previ-

ously reported SPECT and PET data. MR perfusion imaging
may be of clinical utility in further understanding and monitoring this disease.
KEY WORDS: MR perfusion, fibromyalgia
Poster 103
Angular Resolution Effects in Diffusion Tensor Imaging
Characterization of Deep White Matter
Gately, K. J. · Lefkowitz, D. M. · Repsyte, Z. · Becker, R. M.
· Kouo, T. J. · Roys, S. · Gullapalli, R.
University of Maryland
Baltimore, MD
PURPOSE
Identifying and characterizing tissue damage in white matter
(WM) is one of the primary roles of MR in imaging of the
brain. Although fractional anisotropy (FA) provides additional insights into tissue microstructure, its utility in clinical
practice is limited by its inherent heterogeneity. Contributing
to this is the presence of crossing WM fibers, which reduce
the degree of oblateness of the diffusion ellipsoid, and hence
the measured FA. Although a variety of methods have been
proposed to address this problem, including diffusion spectrum imaging and Q-ball, these are not widely available. We
therefore elected to study the effect of increasing the angular
resolution of our diffusion tensor imaging (DTI) sequence on
the characterization of deep WM. We hypothesized that
more precise characterization of the principal eigenvector
would alter the appearance of voxels affected by the cross
fiber problem and lead to further insights. Further, we theorized that the FA measured in voxels with many crossing
fibers would change to a greater degree than those with
fewer crossing fibers, as the angular resolution of the DTI
measurements increased.
MATERIALS & METHODS
A single volunteer was studied with a commercial 1.5 T
Siemens Avanto scanner and a Leonardo workstation for
reconstructions using an investigational DTI sequence and
the DTI task card, both licensed from Massachusetts General
Hospital. Sequence parameters were: TR/TE 6000/79; FOV
220 mm; matrix 128 x 128; slice thickness/gap 2/0 mm. The
angular resolution was varied from 6 to 48 directions, while
the signal averages were varied inversely from 8 to 1, thus
maintaining constant S/N. Reproducibility was tested by performing the 24 direction acquisition 3 times. Regions of
interest (ROIs) were drawn in the following locations and
levels: frontal (F) and parietal (P) at the level of the ventricles and for two additional levels progressively cephalad; a
single level through the corpus callosum (CC). Mean FA was
determined for each ROI and fiber track density (FTD) and
fiber track volume (FTV) measured at constant angle threshold (0.40) while varying threshold of FA (0.15-0.25) for fiber
track growth. Change in FA as a function of angular resolution was calculated on a pixel-by-pixel basis and displayed
as a series of maps. This analysis is in progress, and will be
extended to maps of FTD and FTV change as a function of
angular resolution.
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CONCLUSION
Varying angular resolution is a simple approach to studying
WM heterogeneity. Data are suggestive for useful characterizations that will provide additional information beyond that
of single angular resolution datasets. More complete analysis of this phenomenon is in progress and is expected to yield
additional insights.

analysis showed a significant elevation in Cho/NAA in
Group A versus Group B (p = 0.04). No statistically significant differences in absolute metabolite concentrations were
identified although choline trended towards greater levels in
Group A. Comparison of the region of signal abnormality in
Group A with a patient-matched normal reference voxel
showed significantly lower levels of NAA in both average
and maximal voxel analyses (paired t-test, two tail, p = 0.03,
p = 0.03 respectively) as well as elevated Cho/NAA concentration ratios in both average and maximal voxel analyses (p
= 0.05, p = 0.05) and an elevated Cho/Cr concentration ratio
in the maximal voxel analysis (p = 0.05). A similar statistical
analysis, using averaged and maximal (Cho/Cr) voxels, was
performed using the peak area ratio data. Significantly elevated Cho/NAA peak area ratios were detected in Group A
versus Group B (p = 0.03) and in Group A versus a matched
normal reference (p = 0.008) in the maximal voxel analysis.
Cho/Cr peak area ratios trended towards higher levels
although statistical significance was not achieved.

KEY WORDS: Diffusion tensor imaging, angular resolution
Poster 104
Utility of Metabolite Concentrations versus Metabolite
Ratios in Characterizing New and Treated Tumors by
MR Spectroscopy at 3 T
Kang, J. J. · Appignani, B. · Lenkinski, R. E. · Wang, X. ·
Hackney, D. B.
Beth Israel Deaconess Medical Center
Boston, MA

CONCLUSION
Cho/Cr and Cho/NAA ratios may be of greater predictive
value than absolute metabolite concentrations in distinguishing brain tumor pathology and behavior. Absolute NAA concentration as well as the Cho/NAA and Cho/Cr ratios distinguished areas of signal abnormality with normal reference
areas within the same patient. LC Model achieves comparable results to conventional peak area ratio analysis.
KEY WORDS: MR spectroscopy, LC Model, brain tumor
Poster 105

PURPOSE
To determine whether the use of metabolite concentrations
or ratios is of greater utility in distinguishing tumor/lesion
progression from treatment effect/lesion stability in patients
with new or previously treated brain tumors.

Diffusion Tensor Imaging: Comparison of 1.5 T and 3 T
at Three Kinds of Motion-Probing Gradients with the
Same Scanning Time

MATERIALS & METHODS
Multivoxel MR spectra from 13 patients with new or previously treated brain tumors were reviewed retrospectively.
Eight spectra (Group A) were of lesions that either were confirmed pathologically to be primary or recurrent tumor or
demonstrated progression on follow-up MR examination.
Five spectra (Group B) were of lesions that either were confirmed pathologically to be treatment effect or demonstrated
either regression or stability on follow up MR examination.
One to three voxels were selected in areas of MR signal
abnormality and absolute concentrations of choline (Cho),
creatine (Cr), and N-acetylaspartate (NAA) as well as
Cho/Cr and NAA/Cr concentration ratios were analyzed
using LC Model. Peak area metabolite ratio analysis also
was performed. When possible (8 of 13 cases), LC Model
and peak area ratio analyses were performed in a normal reference voxel.

University of Occupational and Environmental Health
School of Medicine
Kitakyushu, JAPAN

RESULTS
With LC Model data, statistical analysis was performed
using the averaged data from the voxels selected in areas of
MR signal abnormality, along with a separate analysis using
the voxel for each case that demonstrated the highest levels
of choline. Averaged voxel analysis showed a significant elevation in the Cho/Cr concentration ratio in Group A versus
Group B (unpaired t-test, two tail, p = 0.05). Maximal voxel

Moriya, J. · Kakeda, S. · Ohnari, N. · Sato, T. · Korogi, Y.

PURPOSE
To compare the image quality of diffusion tensor imaging
(DTI) between 3 T MR imaging and 1.5 T by using healthy
volunteers.
MATERIALS & METHODS
Eight healthy volunteers (five men and three women; mean
age, 32 years) underwent DTIs on both 1.5 T and 3 T systems
(SIGNA EXCITE 1.5 T and 3 T GE), by applying a singleshot echo-planar imaging sequence with three kind of
motion-probing gradients (MPG): 6, 13, and 25 orientations.
Imaging parameters were as follows: TR10000, TE (70.3 at
3 T, 76 at 1.5 T), FOV 24 cm, section thickness 2.6 mm (no
intersection gap), and matrix size 128 x 128. An eight-channel phased-array head coil was used. The scan time was set
to approximately 5 minutes for both systems, thus, the number of excitations corresponding to respective MPG directions were as follows: four excitations for six orientations;
two for 13 orientations; and one for 25 orientations. The
brain fiber tracking was performed using the free software
dTV (II) for DT MR imaging analysis. For a comparison
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RESULTS
Mean ROI FA, FTD, and FTV for reproducibility data from
24-direction DTI analysis differed from the same analysis
with angular resolution varying from 6 to 48 directions
(Wilcoxon two-tailed test, p = 0.102-0.593), although failed
to achieve significance. No trends of these continuous variables with angular resolution, FA threshold, or distance to
the lateral ventricles was found. Localized variation in
change in FA as a function of angular resolution was
observed on percent change maps.
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between 1.5 T and 3 T MR imaging, two radiologists independently evaluated the image quality of DTI color map and
tractography by using 4 point scales.
RESULTS
The 3 T system was superior to 1.5 T regarding the image
quality of DTI color map and tractography with any number
of orientations (Fig. 1). For a comparison of MPG directions
at 3 T, the DTIs with 13 and 25 orientations were superior to
that with 6 orientations. The image distortion due to susceptibility artifacts was not observed even in the posterior cranial fossa at 3 T by using a parallel imaging.

CONCLUSION
Clinical 3 T MR imaging is beneficial to create the highquality DTI and tractography.
KEY WORDS: Diffusion tensor imaging, FA, 3 T
Poster 106
MR Spectroscopy in the Evaluation of Fibromyalgia
Patients and Correlation of Metabolite Differences with
Clinical Symptoms: A Prospective Study
Petrou, M. · Foerster, B. R. · Rohrer, S. · Pang, Y. · McLean,
S. · Harris, R. · Clauw, D. J. · Sundgren, P. C.
University of Michigan
Ann Arbor, MI
PURPOSE
To determine if there are significant differences in concentrations and ratios of metabolites in different gray and white
matter areas in the brain between fibromyalgia (FM) patients
and normal controls using MR spectroscopy.
MATERIALS & METHODS
Twenty-six female patients and 22 age-matched control subjects underwent conventional pre and postcontrast-enhanced
MR imging, 2D CSI as well as single voxel proton spectroscopy. For the 2D CSI spectroscopy (TE/TR = 144/1500
ms), larger volumes of interest were placed at the level of the

basal ganglia and also in the periventricular white matter at
the level of the centrum semiovale. Within these larger
regions, 18 1 cm x 1 cm x 1cm smaller voxels were placed
in gray and white matter regions that have been implicated in
pain processing. Postprocessing of the spectra was done with
vendor-provided software (Functool 2000, GE). NAA/Cr,
Cho/Cr and Cho/NAA ratios were calculated for each voxel.
In addition, single voxel spectroscopy (TE/TR = 35/2000
ms) was performed with standardized VOI (2 x 2 x 2 cm)
placed in the following standarized locations: left frontal
white matter, left basal ganglia, and occipital gray matter.
The same metabolic ratios were calculated for these regions.
Student’s t-test was used to determine significant differences
in the metabolite ratios between the two groups. All subjects
included in the study completed baseline procedures including the McGill Pain Questionnaire (MPQ), depressive and
anxiety symptom questionnaires and pain testing including
tender point count (TPQ), dolorimeter threshold and pain
pressure sensitivity (PPS). For 15 of the FM patients, clinical features were compared with spectroscopy findings using
linear regression analysis.
RESULTS
Analysis of the 2D CSI data showed mean Cho/Cr ratios to
be significantly higher in FM patients compared to normal
controls in the right prefrontal subcortical white matter (p =
0.02) and the left parietal white matter (p = 0.04).
Nonsignificant similar trends were seen in the left thalamus
(p = 0.07) and the left internal capsule (p = 0.09). Analysis
of the single voxel data did not reveal any significant abnormalities in metabolite ratios. A nonsignificant trend was
identified in the Cho/Cr ratio in the left basal ganglia (p =
0.09). McGill Pain Questionnaire sensory subscale score
was associated with left dorsolateral prefrontal subcortical
NAA/Cr ratio (p = 0.047), occipital gray matter Cho/NAA
ratio(p = 0.047) and Cho/Cr ratio (p = 0.023) as well as thalamus NAA/Cr ratio(p = 0.033). McGill affective subscale
score was associated with a right insula Cho/Cr ratio (p =
0.033). Tender point count was associated with left dorsolateral prefrontal subcortical Cho/Cr ratio (p = 0.036). Pain
pressure sensitivity was associated with right white matter
NAA/Cr ratio (p = 0.040) and right basal ganglia NAA/Cr
ratio(p = 0.019).
CONCLUSION
Our data suggest that there are regional metabolite differences between FM patients and healthy controls in areas that
have been implicated in pain processing. Furthermore, within the FM population, regional differences in metabolite concentrations correlate with clinical symptoms. Further larger
studies are needed to better understand the determinants and
consequences of CNS changes in FM and evaluate the potential of MR spectroscopy in response to therapy in this population.
KEY WORDS: MR spectroscopy, fibromyalgia
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Diffusion Tensor Imaging in Patients with Acute Onset of
Neuropsychiatric Systemic Lupus Erythematosus: A
Prospective Study of Apparent Diffusion Coefficient and
Fractional Anisotropy Values in Different Regions of the
Brain

Spectrum of MR Imaging Findings in Neurosarcoidosis

Sundgren, P. C. · Hughes, M. A. · Fan, X. · Attwood, J. T. ·
Gebarski, S. · McCune, W. J.

PURPOSE
To describe the spectrum of MR imaging findings and their
evolution in patients with neurosarcoidosis.

University of Michigan
Ann Arbor, MI
PURPOSE
To determine if significant differences in apparent diffusion
coefficient (ADC) and fractional anisotropy (FA) values in
different gray and white matter regions of the brain in
patients with acute onset of neuropsychiatric systemic lupus
erythematosus (NPSLE) exist when compared to healthy
individuals.
MATERIALS & METHODS
Ten patients (aged 23-59 years, mean 44.6 years) with clinically confirmed acute onset of neuropsychiatric SLE
(NPSLE) and 25 normal controls (aged 22-59 years, mean
44.4 years) were evaluated. All subjects had a routine pre
and postcontrast enhanced brain MR imaging examination
on a 1.5 T scanner. Diffusion tensor imaging was obtained
using a single-shot spin-echo EPI technique along nine different directions with a b-value of 1000 s/mm2. Several 50
mm3 volumes of interest (VOI) were placed in standardized
normal-appearing gray and white matter regions within both
hemispheres. Apparent diffusion coefficient and FA maps
were generated and ADC and FA values and standard deviations were calculated. A two-sample t-test was used for statistical analysis.
RESULTS
Statistically significant differences (p < 0.005) were found in
both ADC and FA values when comparing the NPSLE
patients to the normal controls in the thalamus, parietal white
matter, and in frontal white matter. Significant differences in
FA values were present in the corpus callosum and significant differences in ADC values were present in the insular
cortex and internal capsule when comparing the two groups.
CONCLUSION
Diffusion tensor imaging (DTI) can distinguish significant
differences in FA and ADC values in several normal-appearing regions of the brain in NPSLE patients when compared
to healthy individuals. It is suggested that DTI can play a
role in the detection of occult parenchymal abnormalities, in
the assessment of disease burden and progression, and possibly help explain specific symptoms in NPSLE patients.
KEY WORDS: NPSLE, diffusion tensor imaging, brain

Roberson, G. · Shah, R. · Cure', J.
University of Alabama at Birmingham
Birmingham, AL

MATERIALS & METHODS
A retrospective review was conducted on clinical and radiologic records from 35 patients who underwent imaging at
University of Alabama during the period 1999-2004, where
neurosarcoidosis was considered to be a possible diagnosis.
Data were analyzed from patients with biopsy proven sarcoidosis (“definite” or “probable” neurosarcoidosis, using
the diagnostic criteria of Zajicek, et al, 1999). Seventeen
patients met these criteria (definite 9, probable 8). The median age was 40 years (range 22-60 years), included 10 males
and 7 females. Thirteen (76.4%) presented with neurologic
disease, while 4/17 (23.6%) had prior systemic disease for
8.5 years (range 3-16 years). Seven (41%) patients had isolated neurosarcoidosis. Most patients presented with multiple neurologic symptoms: headache (9) was most common,
followed by seizures (6). Clinical follow up was available
for median 17.2 months (range 0-99). MR imaging exams
included precontrast axial T1-weighted SE, T2-weighted
TSE and FLAIR along with postcontrast axial, coronal, and
sagittal T1-weighted SE images. A total of 68 MR scans
were available with a median of three follow-up scans per
patient (range 1-11), with median follow up of 17.9 months
(range 0-66).
RESULTS
White matter abnormalities were most frequent (6/17;
35.2%): nonenhancing T2/FLAIR hyperintensities (3
patients), multiple focal enhancing lesions (1 patient), and
small perivascular enhancing lesions (2 patients). Dural
enhancement was seen in 4/17 (23.5%) patients: diffuse
smooth pattern (1 patient), focal nodular enhancement (2
patients), mass-like thickening (1 patient). Leptomeningeal
enhancement was observed in 4/17 patients (23.5%) over
frontal (1/4), parietal (3/4), temporal (1/4), and cerebellar
(1/4) convexities, but no basilar involvement was observed.
Cranial nerve enhancement was observed in 5/17 (29.4%),
and was most common in optic (3/5), oculomotor (2/5), and
trigeminal (2/5) nerves. Extraaxial masses were seen in 2
patients, while an intraparenchymal mass with nodular
enhancement was seen in one. Basal ganglia hyperintensities
were seen in 2 patients (focal enhancing lesions in caudate
nuclei in 1, diffuse blush as part of a generalized perivascular enhancement in 1). Pituitary masses were seen in 3
patients(sellar/infundibular masses in 2, ill-defined sellarsuprasellar enhancement in 1), while isolated infundibular
thickening was present in 2 patients. Spinal cord involvement was seen in 4/17 (23.5%) patients. One patient presented with bilateral cerebellar (PICA) infarcts, although no
vascular abnormalities were detected on MR imaging.
Clinical and MR follow up was available in 13 patients.
Meningeal enhancement, intraparenchymal, extraaxial, and
pituitary masses remained stable or improved slightly with
treatment. Focal enhancing areas showed transient worsen-
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ing or new ones appeared during steroid tapering in 5/13
patients, but improved promptly upon increase in doses.
Nonenhancing white matter lesions did not change with
time. Complete resolution of MR imaging abnormalities was
not seen in any patient. During follow up, one patient developed a multifocal high-grade astrocytoma.
CONCLUSION
A wide spectrum of MR findings is observed in patients with
neurosarcoidosis, many of which can be followed to assess
the response to treatment. The protean manifestations underline the need for a high index of suspicion in making this
diagnosis.
KEY WORDS: Neurosarcoidosis, MR imaging
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Primary Angiitis of the Central Nervous System:
Assessment of Lesion Activity with Apparent Diffusion
Coefficient Values
White, M. L. · Zhang, Y.
University of Nebraska Medical Center
Omaha, NE
PURPOSE
Primary angiitis of the central nervous system (PACNS) is a
rare form of vasculitis confined to the CNS. The apparent
diffusion coefficient (ADC) analysis of PACNS lesions has
not been evaluated fully. Given that ADC is sensitive to the
histologic and physiologic changes in tissue we explored a
hypothesis regarding PACNS: pathologic differences
between brain lesions in different clinical settings may be
reflected by changes in ADC measurements in lesions.
MATERIALS & METHODS
We retrospectively reviewed 13 PACNS patients who had
diffusion-weighted MR imaging (DWI) from 1998 to 2005.
Apparent diffusion coefficient measurements were made of
61 lesions (34 active, 27 chronic) delineated on initial DWI
and follow-up DWI in 9 patients (average age 50 years, 2
male, 7 female). Ten subjects with normal brain MR images
were used as controls. Apparent diffusion coefficients of the
lesions were compared with values of the corresponding
anatomical regions in normal controls. The statistical significance was determined by using the paired t-test
RESULTS
The ADC values in the active lesions ranged from 3.87 to
11.10 x 10-4mm2/sec (mean ± S.D., 6.14 ± 1.56), significantly lower than in the control regions with P < 0.05. The ADC
values were from 6.74 to 17.5 x 10-4mm2/sec (mean ± S.D.,
11.17 ± 3.87) for chronic lesions, significantly higher than in
the control regions with P < 0.01.

Fig. A 52-year-old female with relapse of PACNS, who had
an acute clinical presentation when DWI was performed.
Diffusion-weighted imaging shows hyperintense lesions in
the right front lobe and the parietal lobes bilaterally.
Apparent diffusion coefficient map shows restricted ADCs
in these lesions.
CONCLUSION
Diffusion-weighted imaging lesions in PACNS show in the
acute presentation restricted diffusivity and in the chronic
presentation show increased diffusivity. Diffusion-weighted
imaging with ADC may provide information about disease
activity of PACNS, which may be useful in the diagnosis and
treatment of PACNS.
KEY WORDS: Primary angiitis of the CNS, apparent diffusion coefficient
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Runge, V. M.1 · Biswas, J.1 · Wintersperger, B. J.1,2 · Nelson,
B. C.1 · Baumann, S. S.1 · Jackson, C. B.3 · Patel, T.1
1

Scott and White Memorial Hospital and Clinic, Temple, TX,
2
Ludwig-Maximilians-University, Munich, GERMANY,
3
University of Kentucky, Lexington, KY
PURPOSE
Knowledge concerning the relaxation characteristics of the
gadolinium chelates at 3 T is limited. This study sought to
quantify the increase in brain tumor enhancement between
matched 3 T and 1.5 T MR scans in a rat glioma model using
a standard dose (0.1 mmol/kg) of an extracellular gadolinium chelate.

MATERIALS & METHODS
Five rats (CDF Fischer 344) with C-6/LacZ gliomas were
evaluated using matched T1-weighted spin-echo techniques
and similar small part cylindrical radiofrequency coils at 1.5
and 3 T. T1-weighted imaging was performed precontrast
with serial imaging at 1, 3, 5, and 10 minutes following
administration of gadoteridol (ProHance, Bracco
Diagnostics). The order of imaging, 1.5 versus 3 T, was randomized with the mean time between scans being 46 hours.
The precontrast scans were used to verify that tumor signal
intensity had returned to baseline prior to the second of the
two MR scans. All images were sent to a dedicated postprocessing workstation for analysis. Regions-of-interest for
contrast enhancement [defined as (SIpost(t) - SIpre)/noise], brain
and tumor signal-to-noise ratios (SNR), as well as contrastto-noise ratios (CNR) were evaluated at both field strengths.
The results were assessed for statistical significance by the
institutional biostatistics department. Following completion
of imaging, the animals were sacrificed and the brains sent
to a histopathologist for lesion confirmation.
RESULTS
Contrast enhancement at 3 T increased by 106-137% (P <
0.05) with the maximum contrast enhancement occurring 5
minutes postcontrast at both 1.5 and 3 T (1.5 T: 9.8 ± 2.2 vs
3 T: 21.1 ± 3.5; P = 0.0004). At 3 T, normal brain SNR
increased by 66-76% (P < 0.01) and tumor SNR increased by
70-89% (P < 0.01) with the average being 72% and 84%
respectively. Contrast-to-noise ratio increased by 101-137%
(P < 0.05) depending on the time postcontrast with the highest CNR for both 1.5 T and 3 T occurring at 5 minutes postcontrast (1.5 T: 9.4 ± 1.1 vs 3 T: 20.3 ± 2.4; P < 0.0004). All
lesions were confirmed on histopathology to be an intraaxial glioma, with minimal to mild necrosis noted within the
lesions by light microscopy.
CONCLUSION
Using a standardized animal model of an intraaxial glial
tumor, matched scan techniques, similar coil designs, and
0.1 mmol/kg of a gadolinium chelate at 1.5 and 3 T, a significant improvement in contrast enhancement, SNR and
CNR close to that expected from theoretical considerations
was demonstrated. In regard to lesion enhancement specifi-

KEY WORDS: Gadoteridol, 3 T, MR imaging
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Contrast Enhancement Using Gadobenate Dimeglumine
at 3 T and 1.5 T in a Rat Brain Glioma Model
Runge, V. M.1 · Biswas, J.1 · Wintersperger, B. J.1 · Baumann,
S. S.1 · Jackson, C. B.2 · Herborn, C. U.1 · Patel, T.1
1

Scott & White Memorial Hospital and Clinic, Temple, TX,
University of Kentucky, Lexington, KY

2

PURPOSE
Gadobenate dimeglumine (MultiHance, Bracco Diagnostics
Inc., Princeton NJ) is a gadolinium chelate with enhanced T1
relaxivity due to a transient interaction with proteins. This
study evaluated contrast enhancement with gadobenate
dimeglumine at 3 T in a standard animal model by comparing it with a conventional extracellular gadolinium chelate
(gadopentetate dimeglumine or Magnevist, Schering AG,
Berlin, Germany). In addition, the field strength dependence
of contrast enhancement with gadobenate dimeglumine was
evaluated at 1.5 and 3 T.
MATERIALS & METHODS
C-6/LacZ glioma cells grown in culture were implanted via
a surgically placed cannula in the brains of CDF Fisher rats.
MR scans took place 2 weeks after implantation. In one animal series (n = 5), imaging was performed on a 3 T clinical
MR system (Trio, Siemens Medical Solutions) using a 2 element cylindrical receive only coil. A spin-echo pulse
sequence was used (TR/TE = 500/15). Each animal was
scanned twice with the order of contrast agent (gadobenate
dimeglumine and gadopentetate dimeglumine at a dose of
0.1 mmol/kg) randomized and imaging sessions separated by
at least 24 hours. In another (separate) animal series (n = 7),
imaging with gadobenate dimeglumine at 3 T was compared
to that at 1.5 T (using a clinical MR system - Sonata,
Siemens Medical Solutions). At both field strengths, the
same spin echo sequence was used with bandwidth specifically held constant. Both MR units featured matched gradient coils, similar small parts receiver coils, and identical
imaging software. All gliomas were confirmed by tissue
histopathology.
RESULTS
At 3 T, contrast enhancement of the lesion (signal intensity
of the lesion postcontrast minus that precontrast over noise)
was on average 44 ± 23% greater with gadobenate dimeglumine as compared to gadopentetate dimeglumine (p = 0.03).
The degree of difference did not correlate with gross lesion
necrosis, with the two lesions that demonstrated central
necrosis on imaging being those with both the greatest and
least difference between agents. The lesion contrast-to-noise
ratio (signal intensity of the lesion post-contrast minus that
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Quantification of the Improvement in Brain Tumor
Enhancement on MR Imaging at 3 T as Compared to 1.5
T Using a Conventional Extracellular Gadolinium
Chelate

cally, this improved at 3 T when compared to 1.5 T by more
by 100%. This study represents the first true quantitative
comparison of contrast enhancement at 1.5 and 3 T using
matched state-of-the-art equipment and software. It is possible that in a clinical setting, the benefit of a standard single
dose combined with the improved contrast enhancement and
CNR at 3 T could result in greater lesion detectability,
specifically in entities such as metastatic disease.
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of normal brain post-contrast over noise) was on average 35
± 9% greater with gadobenate dimeglumine as compared to
gadopentetate dimeglumine (p = 0.002). When evaluating
the change across field strengths, lesion enhancement with
gadobenate dimeglumine was 113 ± 32% (p = 0.0003)
greater at 3 T as compared to 1.5 T, and lesion contrast-tonoise ratio 120 ± 24% (p = 0.0001) greater respectively.
CONCLUSION
At 3 T, gadobenate dimeglumine demonstrates a significant
improvement in lesion contrast enhancement (44%) compared to a conventional extracellular gadolinium chelate
despite changes in T1 relaxivity which occur with the
increase in field strength from 1.5 T. Also, the contrast effect
of gadobenate dimeglumine improved substantially (113%)
when moving from 1.5 T to 3 T.
KEY WORDS: Brain, gadolinium chelates, contrast enhancement
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Evaluation of MR Imaging Criteria for Predicting
Surgical Success of Transsphenoidal Pituitary
Macroadenoma Resection: Tumor Apparent Diffusion
Coefficient Relates Significantly with Inadequate
Resection
Boxerman, J. L. · Rogg, J. · Donahue, J. E. · Goldman, M. ·
Duncan, J.
Rhode Island Hospital
Providence, RI
PURPOSE
Transsphenoidal hypophysectomy (TH) is the common initial treatment of pituitary macroadenomas because of low
morbidity and reasonable efficacy. When TH fails, usually in
dense or fibrous lesions inadequately expressed during surgery and less amenable to suction and curettage, transcranial
(TC) surgery may be required for adequate tumor decompression of the optic chiasm. We evaluated preoperative MR
imaging characteristics of macroadenomas to determine
those that correlate with TH outcome, and hypothesized that
low tumor apparent diffusion coefficient (ADC), reflecting
decreased water content and dense composition, would predict TH failure.
MATERIALS & METHODS
We retrospectively reviewed all pituitary macroadenomas
treated with TH during the last 5 years at our institution
where both pre and post-TH MR imaging were available (10
men and 9 women, ages 19-81 years). MR imaging included
pre and postcontrast high-resolution coronal/sagittal T1- and
axial T2- and diffusion-weighted imaging. Resection was
rated adequate when either chiasmatic decompression or at
least 25% reduction in cephalocaudal tumor diameter (CCD)
was achieved. The following pre-TH tumor characteristics
were evaluated: 1) CCD; hyperintense versus
iso/hypointense 2) T2 signal relative to cerebral cortex
(T2WI) and 3) apparent diffusion coefficient relative to pons
(rADC); and presence or absence of 4) homogeneous tumor
enhancement, 5) dominant, macroscopic cyst content, 6)
macroscopic hemorrhage, and 7) sphenoid or cavernous
sinus invasion. Subjectively quantifiable features were grad-

ed based upon consensus by two neuroradiologists.
Significance of correlation between imaging features and
adequacy of resection was established using the one-sided
Fisher’s exact test with a significance threshold of p = .05.
Surgical specimens were evaluated by a neuropathologist for
secretory status.
RESULTS
Transsphenoidal hypophysectomy adequately resected
tumor in 12/18 (67%) cases. When CCD was less than or
equal to 2 cm, resection was successful in 8/9 (89%) cases.
When CCD exceeded 2 cm, adequate resection was achieved
in 4/9 (44%) cases. Iso/hypointense (restricted) rADC
occurred in a significantly higher number of inadequate (5/6)
than adequate (1/8) resections (p = .01). Although lesions
with dominant macroscopic cyst content all were resected
adequately (5/5), the high occurrence of adequately resected
lesions without dominant cysts (7/12) yielded nonsignificant
predictability (p = .09). Insignificant resectability prediction
also was demonstrated for T2WI (p = .31), macroscopic
hemorrhage (p = .43), homogeneous enhancement (p = .20),
and cavernous (p = .56) and sphenoid (p = .31) sinus invasion. No significant relationship between secretory status
and tumor resectability was identified (p = .17).
CONCLUSION
Iso/hypointense (restricted) tumor rADC is related significantly to inadequate TH resection of pituitary macroadenomas, and it may be beneficial to consider initial TC resection
for tumors with this feature, particularly those with CCD
exceeding 2 cm. Although dominant, macroscopic cyst content has a high positive predictive value for resection adequacy, this feature, along with CCD, T2WI, enhancement
homogeneity, hemorrhage, and cavernous and sphenoid
sinus invasion, all lack significant predictability of resection.
KEY WORDS: Pituitary macroadenoma, apparent diffusion
coefficient, transsphenoidal resectability
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Thalamic Mass with Multiple Cortical and Subcortical
Lesions: Recognition of a New Presentation of
Multicentric Gliomas in Adults
Colosimo, C. · Cianfoni, A. · di Lella, G. M. · Gaudino, S. ·
Tirpakova, B. · Riccardi, R. · Maira, G. · Bonomo, L.
Universita' Cattolica del Sacro Cuore
Rome, ITALY
PURPOSE
To describe a new and characteristic neuroimaging lesion
pattern of multicentric brain glioma (MCBG), characterized
by a well defined thalamic mass associated with multiple
cortical and subcortical lesions. To emphasize the invariable
malignant evolution observed in this form of MCBG and its
preferential location to direct surveillance.
MATERIALS & METHODS
We retrospectively reviewed clinical records, neuroimaging
and neuropathology results of 40 adults with pathologyproven MCBG who underwent brain MR imaging in the last
10 years. In 23/40 cases (13 male, 10 female, age: 30-78
years, average 49 years) initial brain MR imaging showed a
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nonenhancing thalamic mass with well defined borders and
multiple lesions in cortical and subcortical locations. MR
perfusion was performed in 8/23 cases, MR spectroscopy in
7/23 cases and PET in 6/23 cases.

Poster 114

RESULTS
The left thalamus was involved in 20/23 patients; cortical
and subcortical lesions were ipsilateral to the thalamic mass
in 21/23. On the initial MR imaging, three or more extrathalamic lesions were seen in 14/23 patients. Two extrathalamic
lesions were seen in 8/23 cases and one patient had only one
extra-thalamic lesion. At follow up, morphological changes
(new areas of contrast enhancement and/or macroscopic
necrosis) correlated with anaplastic evolution in all patients.
In 22/23 cases, malignant transformation occurred in one
extrathalamic lesion; in one case it occurred within the thalamic mass. Neuropathology revealed glioblastoma multiforme (grade IV/IV) in 20/23 cases and anaplastic astrocytoma (grade III/IV) in 3/23 cases. The interval between initial diagnosis and malignant evolution was 4-26 months.

Horowitz, S. · Shin, W. · Cashen, T. · Sawlani, R. · Nguyen,
P. · Chandler, J. · Raizer, J. · Levy, R. · Carroll, T.

KEY WORDS: Glioma, multicentric, thalamus

Northwestern University
Chicago, IL
PURPOSE
MR perfusion is utilized increasingly for tumor grading and
preop tumor planning and posttreatment follow up. Cerebral
blood volume (CBV) is measured most often by dynamic
susceptibility contrast (DSC) that yields relative CBV rather
than absolute (quantitative) values. Alternatively, CBV
measured by steady-state method is subject to error due to
water diffusion from intravascular to extravascular space.
We report initial results using a novel method that can, for
the first time, create whole brain quantitative CBV which
independent of water exchange using the previously reported Bookend Technique.
MATERIALS & METHODS
The value of water exchange rate (τ) is needed for accurate
qCBV. We have calculated τ in normal tissue by evaluating
the subtle T1 changes using a locally developed single slice,
multiphase, segmented Look-Locker echo planar (LL-EPI)
sequence. We have studied normal (tissue remote and contralateral to the lesion) tissue in a series of 28 consecutive
patients (male: 9, female: 19, mean age = 51.9 +/- 15.9
years) scheduled for follow-up MR perfusion to rule out
tumor recurrence. The bookend technique combines the single slice Look-Locker result with whole brain rCBV images
to produce whole brain qCBV. For whole brain rCBV we
used both GRE and SE single shot, multiphase scans to test
the hypothesis that SE perfusion scans can be used to determine whole brain qCBV. In a second set of eight consecutive
patients with pathologically confirmed tumors, stealth MR
imaging was performed immediately preop, including qCBV
measurements in tumor and contralateral white matter.
RESULTS
In normal white matter, experimental data indicated the water
exchange rate of τ = 1.1sec, and qCBV of 1.88 +/- 0.31 ml/100
g in white matter and 4.01 +/- 0.77 ml/100 g in gray matter.
Applying this technique to preop patient normal white matter,
(reference for tumor grading), qCBV was found to be 1.84 +/0.80 and 1.80 +/- 0.70 using GRE and SE respectively. No significant difference existed between GRE and SE qCBV values
of normal white matter. In this initial small tumor sample, the
mean CBV was 9.78 +/- 4.53 ml/100 g and 7.87 +/- 0.70
ml/100 g for GRE and SE respectively (p < 0.001).
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CONCLUSION
In our series, MCBG frequently showed a recognizable pattern: a nonenhancing thalamic mass with well defined borders, associated with multiple additional cortical and subcortical lesions. The left cerebral hemisphere was preferentially
involved. Although the morphologic characteristics and the
results of physiologic imaging studies (MR-perfusion, spectroscopy, PET) were consistent with low-grade lesions at the
time of initial diagnosis, pathology-proven malignant transformation invariably occurred within 26 months in all
patients. Neuroradiologic surveillance, based on morphologic and physiologic imaging, needs to focus its attention on
the extrathalamic lesions where malignant transformation is
much more likely to occur. To the best of our knowledge, this
particular lesion pattern in MCBG has never been described.

Quantitative CBV Corrected for Intravascular Water
Exchange for Brain Tumors
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CONCLUSION
We have found qCBV normal white and gray matter are in
agreement with previously published PET results. In this
ongoing study, this initial small sample of tumor patients
shows potential for whole brain quantitative tumor CBV,
rather than relative CBV, which will be studied further for
tumor grading.
KEY WORDS: Perfusion, quantification
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Evolution of MR Imaging Findings over Time of Brain
Metastasis after Treatment with Stereotactic
Radiosurgery
Mahajan, A. · Kumar, A. J. · Weinberg, J. S. · Chang, E. L. ·
Allen, P. K. · Woo, S. Y.

patients received WBRT with no difference in the percent
change MD vs those patients without WBRT. Smaller lesions
(< 0.5 cm) had a greater reduction in percent change MDs at
4 and 5 months f/u (p < 0.05). Lesions > 2 cm the percent
change MDs was statistically larger after 3 months.
CONCLUSION
The MR imaging changes post-SRS for brain metastases is a
dynamic process. We identified an early reduction of the AD
and MD followed by a transient enlargement at 5-6 months.
A second enlargement was noted after 9 months. The etiology of these late changes is not known, but it may represent
treatment effect. Melanoma metastases have a less favorable
radiographic outcome in comparison to other brain metastases after SRS. Lesions smaller than 0.5 cm appear to have
a more favorable response than lesions larger than 2 cm.
These factors should be considered when determining radiographic response after SRS for brain metastasis.

The University of Texas M. D. Anderson Cancer Center
Houston, TX

KEY WORDS: Stereotactic radiosurgery, brain metastasis

PURPOSE
To describe the evolution of T1-weighted contrast (T1C) MR
imaging changes over time in patients treated with stereotactic radiosurgery (SRS) for brain metastasis. To identify patterns that may exist with respect to the initial size of the
lesion and primary tumor.

Poster 116

MATERIALS & METHODS
After obtaining IRB approval, histories and all available MR
images of patients treated with SRS for metastases in the
first half of each month from 9/01 to 9/04 were reviewed.
Two hundred and seven patients with 310 metastases underwent 220 Linac SRS procedures.Seventy-seven, 60, 30, 14
and 26 patients had lung, melanoma, renal, breast, and other
primaries with 113, 92, 51, 17 and 37 BMs, respectively. The
maximum diameter (MD) and average diameter (AD = average of max diameters in 3 dimensions) was noted at time 0
and each f/u MR imaging, which we request at 1, 2, 4, 6, 9
months and then at least every 3 months. The percent change
from baseline of the AD and MD was calculated at each time
point from the T1C MR images. Outcomes over time with
respect to histology, initial AD, MD and whole brain radiotherapy (WBRT) were noted.

Papadaki, E. Z. · Law, M. · St.Clair, E. · Lui, Y. · Inglese, M.
· Johnson, G.

RESULTS
The median f/u time was 5.6 months (range 0-41 months).
Seven hundred and thirty-three f/u MR images were
reviewed (mean 2/metastasis, range 0-8 scans/metastasis).
There was little difference between percent change of AD vs
MD in f/u. The percent change of MD following SRS varied
between - 100% to + 432% over the f/u time. The median
percent change MD of all metastases decreased to - 20% in
the first 3 months then increased back to baseline at 5
months followed by a second nadir of - 40% at 9-12 months.
Melanoma metastases had larger percent change MDs than
breast, lung, and renal lesions at each time point except at
months 4-6 (p < 0.02). Twenty-three lesions (7%) were
resected post-SRS: 11% of all melanoma lesions vs 5-8% of
the other primaries. The percent change of MD was larger in
the resected lesions (p = 0.05). Seventeen of 23 resections
took place between 4-6 months post-SRS. Nineteen of 23
specimens had viable tumor cells while the remaining four
specimens showed only necrosis. One hundred and two

Diffusion Tensor Imaging in Gliomas: A Potential
Marker of Microscopic Tumoral Infiltration in the
Corpus Callosum and Normal-Appearing Contralateral
White Matter

New York University Medical Center
New York, NY
PURPOSE
Diffusion tensor imaging (DTI) allows determination of
microscopic molecular diffusion. Pathologically, there is
microscopic infiltration of tumoral cells across the corpus
callosum (CC) in patients with primary infiltrating highgrade gliomas. The purpose of this study is to determine if
there are DTI changes within the normal-appearing CC and
contralateral white matter and if there are differences
between glioma grades.
MATERIALS & METHODS
Thirty patients with a primary glioma had DTI of the entire
brain performed. These were classified using the WHO classification: low-grade gliomas (n = 10), anaplastic gliomas (n
= 12) and glioblastoma multiforme (n = 8). Diffusion tensor
imaging was performed using a pulsed gradient, double spinecho, echo-planar imaging (5300/74; 128 x 128 matrix; 220
x 220 mm FOV; forty-five 3 mm contiguous slices; b = 1000
s/mm2 at 1.5 T. Regions of interest (ROIs) were placed in the
corpus callosum in three locations, the ipsilateral callosum
(CC IPSI), central callosum (CC CENT) and contralateral
callosum (CC CONT) to the side of the glioma, as well as
within the contralateral normal-appearing brain (NAWM
CONT). FA and ADC were measured.
RESULTS
P values comparing the ADC and FA values between glioma
grades are summarized in Table 1. There is significantly
increased ADC and decreased FA in the ipsilateral and central CC in grade III gliomas compared with grade II. There

Posters.qxp

3/9/2006

11:31 AM

Page 335

335
also is significantly decreased FA in the normal-appearing
contralateral white matter, as well as the ipsilateral, central,
and contralateral CC between grades II and IV.

ADC
GRADE

NAWM-CONT

CC-IPSI

II vs III

0.011

0.003

CC-CENT
0.007

CC-CONT
0.579

II vs IV

0.209

0.244

0.279

0.294

III vs IV

0.533

0.553

0.003

0.405

FA
II vs III

0.239

<0.001

<0.001

0.237

II vs IV

0.017

0.020

0.001

0.012

III vs IV

0.151

0.378

0.343

0.062

Note: NAWM CONT denotes contralateral normal-appearing brain to the side of the glioma. CC IPSI = ipsilateral callosum, CC CENT = central callosum, CC CONT= contralateral callosum.
CONCLUSION
Diffusion tensor imaging is able to demonstrate changes in
FA and ADC in the normal-appearing corpus callosum and
contralateral white matter indicating potential microscopic
tumoral infiltration. Serial studies are underway to determine
if there is tumoral infiltration on follow-up imaging as well
as correlation with clinical outcome.
KEY WORDS: Diffusion tensor imaging, corpus callosum,
glioma
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3D Time-Resolved MR Angiography: Comparison of
Time-Resolved Echo-Shared Angiographic Technique of
the Intracerebral Circulation at 1.5 T and 3 T
Gauvrit, J. Y.1,2 · Law, M.1 · Chen, Q.1 · Sunenshine, P.1 ·
Carson, R.1 · Xu, J.3
1

New York University Medical Center, New York, New
York, NY, 2Hopital R Salengro, Lille, FRANCE, 3Siemens
Medical Solutions, Erlangen, GERMANY
PURPOSE
To obtain clinically useful intracranial MR angiography
(MRA), very short scan durations and high spatial resolution
were necessary to have a selective arterial phase without
venous overlay and vessel anatomy analyze. Recently, 3.0 T
has become available. The purpose of this study is to compare image quality, SNR, temporal/spatial resolution using
time-resolved (TR) MRA of the intracranial vessels at 1.5 T
with a higher spatial resolution at 3.0 T.
MATERIALS & METHODS
Fifteen patients with brain tumors were scanned at 1.5 T with
a 3D axial TR MRA using time-resolved echo-shared angiographic technique (TREAT) volumetric interpolated breathhold examination (VIBE) with integrated parallel aquisition
technique (iPAT) factor 2, slice thickness of 3 mm, 36 partitions, voxel size 1.3 x 1.3 x 3 mm and temporal resolution of
1.7 s. Ten patients with brain tumors were scanned at 3.0 T
with a 3D axial TR MRA using TREAT VIBE with iPAT factor 3, slice thickness of 1 mm, 36 partitions, voxel size 1 x 1
x 1 mm and temporal resolution of 2.25 s. A bolus of 5 ml of

RESULTS
Time-resolved MRA at 1.5 T provided a temporal resolution
of 1.7 s and a slice thickness of 3 mm with a spatial resolution of 1.3 x 1.3 x 3 mm. Time-resolved MRA at 3 T provided a temporal resolution of 2.25 s and a slice thickness of 1
mm with a spatial resolution of 1 x 1 x 1 mm and multiple
views (coronal and sagittal). Images at 3 T scored 43 points
(out of possible 48), images at 1.5 T, scored 36. There was
significantly higher SNR and CNR at 3 T compared with 1.5
T.
Table 1. Comparing parameters for Time Resolved MRA at
1.5T and 3T.
1.5T
3T
TR ms
2.3
2.8
TE ms
0.8
1.17
BW Hz\pixel
900
830
Slice Thickness
3
1
Measurements
36
36
Flip Angle °
25
12
Time Acquisition s
1.7
2.25
Voxel sixe mm
1.3x1.3x3
1x1x1
CONCLUSION
Time-resolved MRA with an iPAT factor of 3 at 3 T provides
comparable image quality and temporal resolution, with
higher spatial resolution (isotropic 1 mm voxel) compared to
1.5 T.
KEY WORDS: Time–resolved MR angiography, 3 T
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Utility of Ocular Vitreous Signal in Interpretation of
Abnormal Cerebrospinal Fluid Signal on FluidAttenuated Inversion Recovery MR Imaging
Gupta, V. · Jhambekar, K. · Erdem, E.
University of Arkansas for Medical Sciences
Little Rock, AR
PURPOSE
We describe the usefulness of the signal of the ocular vitreous in correct interpretation of cerebrospinal fluid (CSF) signal abnormality on fluid-attenuated inversion recovery
(FLAIR) images of the brain. Incomplete suppression of
CSF on FLAIR is a common phenomenon and could result
from intrinsic abnormalities of the fluid as well as technical
factors.
MATERIALS & METHODS
A prospective evaluation of 50 consecutive normal brain MR
scans revealed consistent suppression of vitreous on FLAIR.
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Table 1. ADC and FA values for different corpus callosum and
white matter locations comparing different glioma grades.

gadopentate dimeglumine (Magnevist, Berlex Laboratories)
was administered at 3 ml/s followed by a 30 ml saline flush
for both TR MRAs. Observers rated the images for the conspicuity and definition based on a three-point scale ranging
from well defined (graded as 3), seen (graded as 2), or poorly defined (graded as 1), while artifacts and geometric distortion determined was evaluated to be either absent (3),
present (2), or severe (1).
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RESULTS
We subsequently compared the signal of the vitreous in 18
patients with hyperintense (incompletely suppressed) CSF
on FLAIR images. Eleven of these cases also demonstrated
inadequate suppression of the vitreous signal, and none of
these patients had a true CSF abnormality, as confirmed by
repeat normal MR imaging, and/or CSF analysis. In five of
the other seven cases demonstrating adequate suppression of
the vitreous, a true CSF abnormality indicating meningitis or
subarachnoid hemorrhage was discovered. The remaining 2
patients, who were ventilated with high fractions of oxygen,
incomplete suppression was presumed to result from paramagnetic effect of high oxygen tension in CSF, shortening
the T1 relaxation.
CONCLUSION
Our findings suggest that the simple observation of the vitreous signal can be of significant value in correct interpretation of hyperintense CSF on FLAIR images.
KEY WORDS: Cerebrospinal fluid, fluid-attenuated inversion
recovery
Poster 119
Comparison of an Automated Segmentation Method to
Established Visual Criteria of Measures of Cerebral
Atrophy and White Matter Lesion Load
Moonis, G.1 · Liu, D.1 · Lao, Z.1 · Davatzikos, C.1 · Desiderio,
L.1 · Jawad, A.2 · Bryan, R.1
1

Hospital of the University of Pennsylvania, Philadelphia,
PA, 2Children's Hospital of Philadelphia, Philadelphia, PA
PURPOSE
To compare an automated segmentation method to established visual criteria of measures of cerebral atrophy and
white matter lesion load.
MATERIALS & METHODS
Cranial MR images of 45 subjects who were enrolled as part
of a multiinstitutional trial to study cardiovascular risk factors
and memory in diabetes were evaluated using the visual
Cardiovascular Health Study (CHS) grading of brain atrophy
and white matter lesions (numeric values on a scale from 0-9
corresponding to a reference set of hard copy MR images for
grading ventricles, sulci, and white matter lesion burden).
The same MR imaging data were subjected to segmentation
using a multivariate pattern classification. This is a fully automated segmentation technique combining multiple MR
acquisition protocols, including T1-weighted, T2-weighted,
proton density (PD)-weighted, and fluid attenuation inversion
recovery (FLAIR) scans. Support vector machines (SVMs)
are used to integrate features from these four acquisition
types, thereby identifying nonlinear imaging profiles that distinguish and classify white matter lesions (WMLs) from normal brain tissue. The segmentation step is preceded by a preprocessing step which includes coregistration, skull-stripping, as well as intensity normalization. Volume of WMLs,
gray matter (GMV), white matter (WMV), ventricles (VM)
and sulcal CSF (CSFV) thus were obtained in these subjects.
The volumes were standardized to total cranial volume. The

established visual criteria obtained using the CHS grading
system were compared with brain volume measures obtained
from segmentation using statistical methods.
RESULTS
Statistically significant positive associations were seen
between brain volumes generated by automated segmentation and the visual criteria of brain atrophy. Strong significant association for ventricle volume and good association
for CSF and white matter lesions were seen (Spearman’s rho
= .91, p < .00; .70, p <.001; and .59, p < .001 respectively).
Sixteen cases ( 35%) were assigned a zero rating by CHS criteria regarding the white matter lesion load, however, based
on the automated method, only 5/16 cases (31%) were with
zero value, 7 (44%) with .10 lesion size, 2 (13%) with .20
lesion size, and 1 (6%) with 3.10 lesion size.
CONCLUSION
Our results indicate that automated measures of brain volume and white matter lesion volume correlate well with
established visual criteria for the same. There were some
cases where the white matter lesion load was assigned a zero
rating whereas the computerized technique detected white
matter lesions. Therefore, the computerized measures are
more sensitive for detection of lesions. Furthermore, the
computerized method produces results on a continuous
scales, a more sophisticated scale in comparison to an ordinal scales ( CHS scale). In addition to providing more information to investigators, the continuous scale will provide
useful objective and easy to interpret results for follow-up
(longitudinal) study of change in volumes as opposed to the
categorical scale measurement. In conclusion, we have validated an automated segmentation technique for measures of
brain atrophy and white matter lesion load in a population of
patients with diabetes.
KEY WORDS: Segmentation, brain, white matter lesions
Poster 120
Assessment of Interval Change in Brain Tumors:
Prospective Study of Reader Preference for Image
Registration Techniques
Shah, L. M. · Barboriak, D.
Duke University Medical Center
Durham, NC
PURPOSE
We prospectively evaluated how registration quality affects
reader preference for evaluation of interval change in brain
tumors using image registration software (+R) compared to
evaluation using nonregistered images (-R).
MATERIALS & METHODS
Fifty-two patients with diagnoses of glioma (Grade IV 25,
Grade III 14, Grade II 5, Grade I 4) or other brain tumor (4)
underwent serial MR imaging with a mean (+/- SD) of 81 +/47 days between imaging sessions. MR imaging included
axial nonenhanced T1- and T2-weighted spin-echo
sequences, and contrast-enhanced spin-echo T1-weighted
axial and 3D coronal SPGR volumetric images (TR12; slice
thickness 1.6 mm; spacing 0.8 mm; matrix 259 x 192). The
images were compared by single readers using the -R
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RESULTS
The initial assessment of interval change in tumor size was
highly correlated with the final assessment for both the -R
(Kendall tau = 0.91) and +R (Kendall tau = 0.92) methods.
The median preference score was 3 (mildly prefer R+). The
+R method was significantly preferred (p < 0.05) over -R
(71% of cases). The quality of registration on the -R images
was inversely correlated with preference for the +R (p <
0.05).
CONCLUSION
Image comparison using image registration performed similarly to nonregistered images for evaluation of interval
change in brain tumors. Readers preferred image registration, particularly when the nonregistered images were poorly aligned.
KEY WORDS: Image manipulation/analysis, radiology informatics

each patient following standard protocol. Cortical and central atrophy were graded from 1 to 8 blindly by consensus of
two neuroradiologists.
RESULTS
There was no statistically significant correlation between
arterial calcium and cortical parenchymal atrophy.
Significant correlation was present, however, between arterial calcium scores and central parenchymal atrophy. Partial
correlation coefficient was 0.52 for extracranial and 0.43 for
intracranial arterial calcium scores. After adjusting for age
and hypertension, the partial correlation coefficients were
0.01 for extracranial and 0.41 for intracranial arterial calcium scores.
CONCLUSION
The intracranial arterial calcium as a reflection of intracranial atherosclerosis is important in evaluating the cerebral
parenchymal changes. There appears to be an age and hypertension independent correlation between intracranial atherosclerosis and central atrophy but not cortical atrophy. These
results are suggestive of differential patterns of atrophy in
the brain.
KEY WORDS: Intracranial atherosclerosis, brain parenchyma
atrophy
Poster 122
Relationship of Transverse Sinus Stenosis to Bony
Groove Hypoplasia Provides an Insight into the Etiology
of Idiopathic Intracranial Hypertension
Siddiqui, M. A. · Smith, V. R. · Connor, S. E.

Poster 121
Effect of Intracranial Atherosclerosis on the Differential
Pattern of Brain Parenchyma Atrophy Changes
Shah, P. P. · Erbay, S. H. · Bhadelia, R. A.
New England Medical Center
Boston, MA
PURPOSE
To evaluate the possible role of intracranial atherosclerotic
process determined by measuring intracranial arterial calcium on the differential pattern of cerebral parenchymal
atrophic changes by using CT and MR imaging.
MATERIALS & METHODS
Patients who presented to our stroke clinic with mental status changes were selected based on specific criteria to be
enrolled into this prospective study. The age distribution of
the patients included was 50 to 94 years. Informed consent
was obtained for each patient prior to enrollment into the
study. Extracranial arterial calcium was measured from cardiac apex to skull base as a means of obtaining Agatson's
scores with helical CT in conjunction with a special software
program (SYNGO). The intracranial arterial calcium was
evaluated with visual grading from 1 to 4 by consensus. The
arterial tree was divided into multiple segments and subsegments to determine the role of specific locations on
parenchymal changes. Brain MR imaging was performed for

Kings College Hospital
London, UNITED KINGDOM
PURPOSE
Investigators have reported bilateral stenosis of the transverse venous sinuses in more than 90% of patients with this
condition; however it is uncertain whether these are primary
stenoses with a role in the pathogenesis of idiopathic
intracranial hypertension (IIH) or whether they are secondary to the raised intracranial pressure. A dual etiology of primary and secondary effects also has been proposed. Bony
grooves on the inner table of the skull are seen adjacent to
the transverse and sinuses. Firstly we aimed to determine
whether stenotic transverse sinuses were associated with
bony groove hypoplasia in subjects unaffected by IIH.
Having established such a relationship, we proposed that this
would be maintained in IIH patients if the venous stenosis
was primary or long standing whereas there would be a discordant relationship if the stenosis with the bony groove if it
were secondary to recently elevated intracranial pressure.
MATERIALS & METHODS
Twenty-four subjects without IIH or venous sinus pathology
were chosen as controls for assessment of the relationship of
bony grooves and transverse sinuses on CT venography (GE
16-row multidetector CT scanner). The measurements were
made by two observers. The controls that had more than 50%
area extraluminal stenosis relative to the widest portion of
transverse sinuses were selected. At these points cross-sectional height, depth, and area were measured for the bony
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method (for which the SPGR images were reformatted to 5
mm thickness), and the +R method [using Fusion 1.0.15
software (GE Medical Systems) to register the SPGR
images]. The order in which the methods were performed
was randomized. Eight participating readers with an average
experience of 10 months in neuroradiology evaluated interval change and registration quality for each method on 5point scales (1 = poor quality, 5 = excellent quality). After
clinical read with neuroradiology faculty, a final assessment
of interval change (considered the gold standard) was made,
and preference for method was graded on a 7-point scale (1
= strong preference for R+, 0 = no preference, 7 = strong
preference for R-).
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groove and sinuses. A correlation coefficient was evaluated
between each parameter for the bony groove and transverse
sinus. Similar measurement for bony groove and sinuses was
obtained for 14 patients (28 transverse sinuses) with clinical
and laboratory evidence of IIH undergoing CT venography.
Additional note was made of the arachnoid granulations
(AG) resulting in intraluminal stenosis. The measurements
were made by two observers.
RESULTS
There was good interobserver agreement between individual
measurements. The best parameter for correlating transverse
sinus with bony groove dimensions was that of sinus/groove
height (correlation coefficient of 0.9). A total of 28 transverse sinuses were studied. Twenty-three sinuses had extraluminal stenosis. Twenty-one sinuses had severe (< 25%)
stenosis with 6 complete occlusions and 2 sinuses had 2550% stenoses. Subgroups of patients were seen with discordant relationship (4 sinuses), apparently concordant (15),
discordant probably due to other draining veins (4) and
arachnoid granulations (5). Three patient had both AG and
intraluminal stenosis.

and subtracted producing a difference image which better
reflects the vascular response to treatment. These were used
to generate 3D views depicting the interval remodelling of
vessels in response to treatment. Two-dimensional DSA
views were used for comparison.
RESULTS
The 3D data allowed quantitative estimates of the volume of
embolic material deposited in all cases. In general, 3D DSA
data provided more consistent and conservative values of
embolic material volume than did MRA. The embolic material volume generally appeared less in 2D DSA than was
suggested by the 3D data. The segmentation of embolic
material allowed a unified display of treatment progression
(Fig 1). The subtraction data provided visualization of the
distributed impact of embolization therapy (Fig 2), which
was not readily appreciated in the 2D DSA or 3D datasets.

CONCLUSION
There was a strong relationship between transverse sinus
height and bony groove height in subjects without IIH.
Majority of the patients with IIH demonstrated severe stenosis or occlusions. The majority of venous stenoses in IIH
patients demonstrate a concordant groove-sinus height relationship which implies that the venous stenosis is primary
and may be an etiological factor. Those patients with discordant relationship may have venous stenosis secondary to elevated intracranial pressure. Such information may be useful
for the selection of patients for stenting as a treatment for
IIH.
KEY WORDS: IIH, CT venography, bony groove
Poster 123
Application of Visualization
Endovascular
Embolization
Malformations

Tools to Staged
of
Arteriovenous

Summers, P. E. · Colominas, C. · Lalloo, S. · Byrne, J. V.
Nuffield Hospital
Oxford, UNITED KINGDOM
PURPOSE
This study sought to exploit the information in 3D angiographic datasets available from different modalities to interpret changes in the complex angio-architecture of arteriovenous malformations (AVMs) over the course of treatment.
Specifically we sought to establish the anatomical distribution and discriminate the location of liquid embolic agents
and identify the upstream and downstream consequences of
embolization.
MATERIALS & METHODS
Three-dimensional MRA (Signa, GE) and DSA (Artis,
Siemens AG) were acquired pre and postintranidal injections
of cyanoacrylate, ONYX, or coils in patients with BAVMs.
From the source images, the volume of embolic material was
identified. The 3D angiographic datasets were coregistered

CONCLUSION
This novel application of data postprocessing provides the
operator with a better understanding of the distribution of
liquid embolics within complex angio-architectures and
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objective criteria for planning future treatment sessions and
for following patients with brain arteriovenous malformations after treatment.

Gradient-Echo T2* Sequence as the Key to the Imaging
Diagnosis of Acute Cerebral Venous Sinus Thrombosis

KEY WORDS: Gradient echo, cerebral venous thrombosis,
MR sequence

KEY WORDS: AVM, endovascular therapy, angiography

Wolfe, D. · Moritani, T. · Donta, T. · Policeni, B. · Smoker,
W. R. K.

Anatomy
125-129

University of Iowa
Iowa City, IA
PURPOSE
The purpose of this study was to evaluate the usefulness of
the gradient-echo T2* (GRE) sequence in patients with cerebral venous sinus thrombosis (CVST). In acute CVST, loss
of flow voids on T1-weighted images occurs along with
hypointensity on T2-weighted images, making the determination of sinus occlusion difficult based on these sequences.
MR venography (MRV) shows venous sinus structures but it
is sometimes difficult to identify the stenosis/occlusion due
to venous sinus anatomical variation. GRE, on the other
hand, with its ability to image deoxyhemoglobin as
hypointense, is the key to diagnosis of acute CVST.
MATERIALS & METHODS
We reviewed 10 patients with evidence of cerebral venous
sinus thrombosis (age range: 3 to 61 years; 6 male, 4
female). Symptoms included headache, seizures, visual loss,
numbness, hemiparesis, ataxia and head trauma. MR imaging and MRV were performed at 1.5 T. MR sequences
included T1, T2, FLAIR, diffusion-weighted, and GRE
images. The time from the onset of symptoms to initial MR
imaging and MRV varied from 24 hours to 2 weeks. Followup MR imaging and MRV were obtained from 6 days to 3
years in 7 patients.
RESULTS
In all 10 patients, initial GRE demonstrated thrombosis as
marked hypointensity within the transverse and sigmoid
sinuses in 5 patients, both transverse sinuses and a combination of multiple deep cerebral veins (including medullary
vein, septal vein, vein of Galen, and straight sinus) in 1, isolated sagittal sinus in 2, and combination of both sagittal and
tranverse sinuses in 2. Initial T1-weighted images showed
thrombus as isointense in 7 patients (1d-7d), and in 2 of
them, thrombus evolved on follow-up imaging into hyperintensity on T1-weighted images (6d, 6d). In the other 3
patients, initial T1-weighted images showed thrombus as
hyperintense (4d, 5d, 2w). GRE demonstrated thrombosis in
small branches of the venous system more clearly than the
corresponding T1-weighted images and other sequences in
these patients. MR venography showed occlusion or stenosis
of the involved superior sagittal and/or transverse sinuses,
but they sometimes appeared within the limits of normal
variation, and less diagnostic for the presence of cortical
vein thrombosis. Venous infarction was seen in 3 patients.

Poster 125
Signal Intensity of Motor and Sensory Cortices on T2Weighted and FLAIR Imaging: Comparison of 1.5 T and
3T
Kamada, K. · Kakeda, S. · Ohnari, N. · Moriya, J. · Sato, T. ·
Korogi, Y.
University of Occupational and Environmental Health
School of Medicine
Kitakyusyu, JAPAN
PURPOSE
To evaluate the signal intensity of motor and sensory cortices
on T2-weighted and FLAIR imaging at 3 T MR imaging
compared with those at 1.5 T MR imaging.
MATERIALS & METHODS
MR images of 90 consecutive patients (48 females, 42
males: mean age 55.9 years; age range, 17-81 years) who
were examined both with a 1.5 T and 3 T MR system were
evaluated retrospectively. All cases were neurologically normal and showed normal results of MR imaging. The mean
interval in acquisition of MR imaging between both systems
was 362.0 days (range; 8 - 1611 day). T2-weighted imaging
(TR/TE/NEX: 4000/85/1 at 1.5 T and 4500/85/1 at 3 T) and
FLAIR imaging (TR/TE/TI/NEX: 8000/115/2000/ 2 at 1.5 T
and 12000/140/2600/2 at 3 T) were obtained in the axial
plane. The signal intensity of motor and sensory cortex was
divided into three grades compared with that of superior
frontal cortex: grade I, signal intensity is equal to that of cortical gray matter; grade II, signal intensity less than that of
cortical gray matter and equal to or greater than that of subcortical white matter; grade III, signal intensity less than that
of subcortical white matter for T2-weighted images, and
grade 1, signal intensity of the cortex is isointense; grade 2,
signal intensity is mildly hypointense; grade 3, signal intensity is definitely hypointense for FLAIR images.
RESULTS
On T2-weighted images, grade III of the motor cortex was
seen in four (25%) of 16 patients at the age of 61-70 years
and nine (33%) of 27 after the age of 71 years at 3 T, while
grade III was seen in one (6%) and two (7%) at 1.5 T, respectively. On FLAIR images, grade 3 of the motor cortex was
found in 14 (88%) of 16 patients at the age of 61-70 years
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CONCLUSION
In the acute phase of CVST, GRE is the most sensitive and
specific MR sequence for thrombus detection. GRE can
visualize the thrombus in small venous branches. Since presenting symptoms of CVST are often nonspecific, GRE
should be obtained routinely when MR imaging of the brain
is ordered to evaluate the patient with nonspecific neurologic symptoms.
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and 22 (81%) of 27 after the age of 70 years at 3 T, while in
eight (50%) and nine (33%) at 1.5 T, respectively. The
decreased signal intensity (grade III or 3) of the sensory cortex also was more frequent at 3 T than at 1.5 T. There were
no differences between 1.5 T and 3 T in patients younger
than 60 years.
CONCLUSION
For T2-weighted and FLAIR imaging, the decreased signal
intensity in the motor and sensory cortices was frequently
seen at 3 T compared with 1.5 T, probably due to the
increased magnetic susceptibility effect with increase of
field strength.

RESULTS
We documented increasing mineralization with age in all
deep gray matter areas evaluated (substantia nigra: r = -0.5 p
< 0.01; caudate nucleus: r = -0.6, p < 0.01 and red nucleus: r
= -0.6, p < 0.01). Age and putamen intensity/area were
strongly correlated (r = -0.2, p < 0.01) as intensity decreased
with age and globus pallidus intensity/area decreased with
age (r = -0.7, p < 0.01). We also confirmed the previously
described systematic pattern of mineralization related to the
putamen which extends from posterolateral to anteromedial
with age (age category vs grade p < 0.01). Finally, a systematic pattern of mineralization related to the globus pallidus
(increasing “waves”) was associated with increased age by
category (p < 0.001).

KEY WORDS: MR imaging, high-field strength, cortex
Poster 126
Normal Mineralization of the Deep Gray Matter with
Age: A Retrospective Review Using a High-Resolution
Susceptibility-Weighted MR Imaging Technique
Harder, S. L.1 · Ward, H.1 · Neglio, H.2 · Kido, D.2
1

University of Saskatchewan, Saskatoon, SK, CANADA,
Loma Linda University Medical Center, Loma Linda, CA

2

PURPOSE
Susceptibility-weighted imaging (SWI) is a high-resolution
3D FLASH technique that can be performed on conventional scanners (1). It is very sensitive to blood products as well
as calcification/mineralization. The purpose of this study is
to establish the normal course of mineralization in the deep
gray matter with age using SWI.
MATERIALS & METHODS
Susceptibility-weighted images of 134 patients (1 - 88 years)
were reviewed retrospectively. At least 10 patients were
included in each decade. Inclusion criteria included normal
conventional MR imaging (including T1, T2 and FLAIR).
Images were acquired on a 1.5 T Vision (Siemens Medical
Systems) and reviewed on a DS3000 IMPAX workstation,
version 4.5 (Agfa-Gevaert, Kontich, Belgium). A relative
signal intensity was obtained by placing a region of interest
(ROI) over the respective structure. All measurements and
descriptions of these areas were taken from the right side of
the brain. Intensity by area for both the putamen and globus
pallidus was compared with age as continuous variables and
correlation coefficients were determined. The intensity related to the caudate nucleus, the substantia nigra and the red
nucleus were correlated with age as continuous variables.
Mineralization of the putamen was graded according to a
modified scale which previously described a systematic pattern of mineralization extending from posterolateral to
anteromedial with age (2). Linear hypointense regions in the
globus pallidus were described as “waves”. Both putamen
grade and globus pallidus “waves” were compared to age as
categorical variables using Chi-Square analysis. A p value of
< 0.05 was defined as statistically significant. Bonferroni
correction was completed for multiple comparisons of categorical data.

CONCLUSION
This study documents the normal course and pattern of mineralization in the deep gray matter with age using SWI. This
information will be used to compare against diseased brains
in future projects (i.e., Parkinson’s disease).
REFERENCES
1. Reichenbach JR, Venkatesan R, Schillinger DJ, Kido DK,
Haacke EM. Small vessels in the human brain: MR venography with deoxyhemoglobin as an intrinsic contrast agent.
Radiology 1997;204:272-277
2. Steffens DC, McDonals WM, Tupler LA, Boyko OB, Krishnan
KR. Magnetic resonance imaging changes in putamen nuclei
iron content and distribution in normal subjects. Psychiatry
Research: Neuroimaging 1996;68:55-61

KEY WORDS: Mineralization, MR imaging, normal
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Correlation of Preoperative Functional MR Imaging
with Intraoperative Speech Mapping in a Trilingual
Patient
Ferson, D. · Chi, T. L. · Jackson, E. F. · Meyers, C. A. ·
Mahankali, S. · Wefel, J. S. · Sawaya, R.
The University of Texas M. D. Anderson Cancer Center
Houston, TX
PURPOSE
Preoperative fMRI has become a useful tool for planning
neurosurgical interventions in patients with pathologic
processes located at or near eloquent areas. However, we
report the first case in which preoperative fMRI was correlated with intraoperative speech mapping in a trilingual
patient. The fMRI images, as well as data from intraoperative speech testing will be presented in the scientific poster.
MATERIALS & METHODS
A 19-year-old female patient with a left temporal lobe lesion
underwent an awake craniotomy at The University of Texas
M. D. Anderson Cancer Center. The patient was fluent in
Spanish, Italian, and English. All three languages were
acquired before the age of ten. Although the patient was
equally fluent in all three languages, only Spanish and Italian
were considered her primary languages. Preoperative 3 T
fMRI, in English, was used to locate the speech functions in
the patient’s brain. Intraoperative speech mapping and testing then were performed in all three languages.
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Line Scan Diffusion Tensor Imaging of the Cervical
Spine
Wada, A.1 · Katsube, T.1 · Kajitani, T.1 · Uchida, K.1 ·
Yoshikawa, K.1 · Uchida, N.1 · Maier, S. E.2 · Kitagaki, H.1
1

Shimane University Faculty of Medicine, Izumo, JAPAN,
Brigham and Women's Hospital, Boston, MA

2

CONCLUSION
This first report of speech function testing during awake
craniotomy in a multilingual patient indicates that the
anatomical location of speech centers varies by language.
Although more studies are needed to elucidate the anatomical relationship between speech centers in multilingual
patients, it seems prudent to obtain preoperative fMRI
speech studies in all languages.
KEY WORDS: fMRI, intraoperative speech testing, trilingual
Poster 128
Transcervical Collaterals: An Angiographic Study
Koenigsberg, R. · Cohen, W. · Satti, S. · Cerniglia, C. ·
Hildrew, D.
Drexel University College of Medicine (formerly MCP
Hahnemann)
Philadelphia, PA
PURPOSE
Survivors of major cerebrovascular arterial occlusions are
the direct result of the existence of collaterals, many of
which are encounted in the extracranial head and neck. The
purpose of this exhibit is to angiographically review potential cervical arterial collateral pathways which potentially
augment cerebral blood flow.
MATERIALS & METHODS
A 4-year retrospective review of diagnostic angiograms was
performed in patients demonstrating innominate, common
carotid, subclavian, and vertebral arterial occlusions.

PURPOSE
Line scan imaging with a little influence of the susceptibility effect is useful in diffusion tensor imaging of cervical
spinal cord which is surrounded with bone and air. The aim
of our study is a depiction of spinal nerve tracts with line
scan diffusion tensor imaging.
MATERIALS & METHODS
Line scan diffusion tensor MR imaging of the cervical spine
was performed in five healthy volunteers. Six axis line scan diffusion tensor imaging was performed with the following parameter; TR/TE: 3388-3696/57-59 msec, NEX: 1, b factor: 5/1000
s/mm2, coronal plane, field of view: 24 x 24 cm, matrix: 256 x
256, effective slice thickness/gap: 3/0 mm, spatial resolution:
0.9375 x 0.9375 x 3.0 mm, total scan time: 18 minutes (17
slices, 119 images). Diffusion tensor postprocessing was performed with VolumeOne ver 1.72 and dTVII-SR (diffusion
TENSOR Visualizer) which were free software, developed in
University of Tokyo (http://www.volume-one.org).
RESULTS
In the cervical spinal cord, line scan diffusion tensor imaging revealed the nerve fibers which corresponded to corticospinal tract and spinothalamic tract. Fiber tracking based
on line scan diffusion tensor imaging with one region of
interest method which set seed point at the unilateral anterior funiculus and the lateral funiculus at C2/3 level depicted
the anterior and lateral corticospinal tracts individually. And
fiber tracking with seed point at the dorsal funiculus of the
lower level cervical spinal cord could depict the ascending
spinothalamic tract. Fractional anisotrophy value measured
at medulla oblongata and C2/3, C5/6 and C7/Th1 level
spinal cord revealed that fractional anisotrophy value
increased gradually around the cervical intumescence.

RESULTS
A total of 96 angiograms were reviewed with cerebrovascular occlusive disease yielding 2 innominate, 54 carotid, 8
subclavian, and 32 vertebral occlusions. Potential cervical
collaterals were identified angiographically mapped.
CONCLUSION
Numerous potential collateral pathways exist, arising from
the aorta, subclavian and external carotid, vertebral, and
ascending cervical arteries. The understanding of these collaterals can be of great importance in reestablishing and/or
augmenting cerebral blood flow following a major cerebrovascular occlusive injury.
KEY WORDS: Collaterals, carotid occlusion, subclavian
occlusion

CONCLUSION
Line scan imaging provides stable images without distorsion
and is suitable for diffusion-weighted imaging of the spinal
cord. Fiber tracking based on line scan diffusion tensor
imaging depicts the intraspinal nerve fibers distinctly.
KEY WORDS: Line scan imaging, diffusion tensor MR imaging, cervical spine
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RESULTS
The fMRI localized the patient’s speech in the left temporal
lobe. During surgery, however, speech testing revealed different locations for English, Spanish, and Italian languages.
Whereas the site of Spanish and Italian language function
was identical, the English language center was located in a
separate anatomical area. This had a significant impact on
the surgical approach and removal of the pathologic lesion.
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Poster 130
Apparent Diffusion Coefficient of Benign and Malignant
Salivary Gland Tumors and Histologic Correlation:
Influence of Tumor Cellularity and Myxoid Matrix
Maeda, M.1 · Maier, S. E.2 · Terada, H.3 · Takeda, K.1
1
Mie University School of Medicine, Tsu, JAPAN, 2Brigham
and Women's Hospital, Boston, MA, 3Toho University
School of Medicine, Tokyo, JAPAN

cinomas, and hypercellular matrix composed of lymphoid
tissue in Warthin’s tumor. These histologic findings appeared
to be associated with reduced ADC values. On the other
hand, less cellularity with or without myxoid matrix was
seen in pleomorphic adenoma, myxoid liposarcoma, and
adenoid cystic carcinoma. These histologic findings were
presumed to be associated with increased ADC values.
CONCLUSION
Considerable overlap of ADC values was found for benign
and malignant salivary gland tumors; therefore ADC alone
might not contribute to differentiation between benign and
malignant salivary gland tumors. Histologic findings suggested that myxoid matrix as well as tumor cellularity greatly influences ADC in salivary gland tumors.
REFERENCES

PURPOSE
It has been reported that diffusion-weighted imaging (DWI)
might be useful for characterizing head and neck tumors,
suggesting that malignant tumors have a lower apparent diffusion coefficient (ADC) than benign tumors (1). However,
it remains uncertain if ADC is useful for distinguishing
between benign and malignant salivary gland tumors. This
study was intended to evaluate the ADC of benign and
malignant salivary gland tumors in comparison with histologic findings.
MATERIALS & METHODS
Twenty-three consecutive patients with salivary gland
tumors (13 benign, 10 malignant) were studied prospectively. Benign salivary gland tumors included pleomorphic adenoma (n = 10) and Warthin’s tumor (n = 3), whereas malignant salivary gland tumors included adenoid cystic carcinoma (n = 2), squamous cell carcinoma (n = 2), myoepithelial
carcinoma (n = 1), undifferentiated carcinoma (n = 1), malignant lymphoma (n = 2), malignant melanoma (n = 1), and
myxoid liposarcoma (n = 1). Line scan DWI images were
obtained using two different b values, as the maximum b
value applied along the three orthogonal directions: one with
a low b factor of 5 s/mm2; the other with a maximum b factor of 1000 s/mm2. The scan time per slice was 30-45 s. In
all, three to five slices were obtained in the axial plane
according to the lesion size. The ADC value was measured
for tumors; on that occasion, special care was taken to
include the solid-appearing regions of tumors and to exclude
obviously necrotic or cystic regions. Histologic analyses
were performed with regard to tumor cellularity and the
presence or absence of myxoid matrix in salivary gland
tumors.
RESULTS
The mean ADC value was 1.11 ± 0.37 × 10-3 mm2/s in malignant salivary gland tumors and 1.35 ± 0.34 × 10-3 mm2/s in
benign salivary gland tumors. No statistically significant difference was found between benign and malignant tumors.
The ADC values of Warthin’s tumors (mean 0.93) were
lower than those of pleomorphic adenoma (mean 1.48) in
benign tumor cases, whereas ADC values of myxoid liposarcoma (1.87) and adenoid cystic carcinoma (mean 1.47) were
higher than those of other malignant tumors (mean 0.89) in
malignant tumor cases. Consequently, considerable overlap
in ADC values existed between benign and malignant salivary gland tumors. Histologic analyses revealed hypercellularity in some malignant tumors such as lymphoma and car-

1. Wang J, et al. Head and neck lesions: characterization with
diffusion-weighted echo-planar MR imaging. Radiology
2001;220:621-630
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Carotid Atherosclerotic Plaque and Embolic Infarct by
Carotid Angioplasty and Stenting Evaluated with HighResolution Carotid Plaque MR Imaging
Maeda, M. · Asakura, F. · Toma, N. · Sakuma, H. · Takeda,
K. · Taki, W.
Mie University School of Medicine
Tsu, JAPAN
PURPOSE
Carotid angioplasty and stenting (CAS) has become a therapeutic alternative for carotid atheromatous disease. Blood
samples collected during stent implantation procedures have
suggested migration of large quantities of atheromatous
plaque debris. High-resolution carotid plaque MR imaging
recently has demonstrated its capability to characterize
carotid plaque morphology. High-signal plaque shown on
T1-weighted carotid plaque images suggests fresh or recent
intraplaque hemorrhage (1). Therefore, this finding might
imply a more hazardous plaque for CAS procedure. Our
study used high-resolution carotid plaque MR imaging to
investigate the correlation of plaque morphology before
CAS and embolic infarct.
MATERIALS & METHODS
In all, 25 patients (24 male and one female; mean age 70
years) with severe carotid atheromatous stenoses were studied prospectively using high-resolution carotid plaque MR
imaging. All patients were treated with stent implantation
under balloon protection systems. In the CAS procedure,
self-expandable stents were deployed and performed after
dilatation. Carotid plaque MR imaging was performed
before CAS. A custom-built 4-channel phased-array carotid
coil was used. The imaging protocol consisted of 3D timeof-flight MR angiography (MRA) and high-resolution axial
cardiac-gated 2D fast spin-echo images (fat-suppressed T1weighted, field of view =16 × 16 cm, slice thickness = 3 mm,
nine slices, matrix size = 256 × 192, three excitations).
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RESULTS
T1-weighted carotid plaque images showed high signals of
carotid plaque in 11 patients, and iso-signals or low signals
in 14 patients. Brain DWI revealed acute embolic infarct in
6 (55%) of the 11 patients with high signal plaque and in 5
(36%) of the 14 patients with iso-signal or low-signal
plaque. The average numbers of embolic spots were 2.5 in
the high signal plaque cases and 1.8 in the iso-signal and
low-signal plaque cases. No patient presented with symptomatic complications after CAS procedures.
CONCLUSION
Although our study examined a limited number of cases,
high signal plaque on T1-weighted carotid plaque images
suggested a higher risk of embolic infarct from CAS procedures. Information of carotid plaque morphology might suggest safer CAS procedures.
REFERENCES
1. Chu B, Kampschulte A, Ferguson MS, et al. Hemorrhage in
atherosclerotic carotid plaque: a high-resolution MRI study.
Stroke 2004;35:1079-1084

KEY WORDS: Carotid atheromatous disease, carotid angioplasty and stenting, plaque MR imaging
Poster 132
Improved Visualization of the Anterior Disk
Displacement in the Temporomandibular Disorders on
Contrast-Enhanced MR Imaging
Tomura, N. · Otani, T. · Sakuma, I. · Takahashi, S. · Watarai,
J.
Akita University School of Medicine
Akita, JAPAN
PURPOSE
To confirm the improvement of visualization of the displaced disk in temporomandibular disorders (TMDs), we
compared postcontrast T1-weighted imaging with precontrast T1-weighted, T2-weighted, and proton density-weighted imaging.
MATERIALS & METHODS
A total of 120 temporomanibular joints (TMJs) in 61 patients
(23 males, 38 females) with TMDs were included in this
study. These patients were selected retrospectively by 2
experienced radiologists to design this study. The MR imaging system used was a 1.5 T scanner with 3-inch surface
coils for simultaneous bilateral imaging. The MR imaging
protocol consisted of a T2-weighted fast spin-echo sequence
(T2WI), a proton density-weighted fast spin-echo sequence

(ProWI), a precontrast T1-weighted spin-echo sequence with
fat-saturation [T1WI(–)], and a postcontrast T1-weighted
spin-echo sequence with fat-saturation [T1WI(+)].
Qualitative evaluation was performed using receiver operating characteristic (ROC) analysis. Prior to ROC analysis,
two experienced radiologists, as study coordinators, conjointly reviewed and selected 60 temporomandibular joints
with anterior disk displacement (ADD) and 60 TMJs without
ADD in 61 patients. Two different readers separately scored
each sequence for the presence or absence of ADD: 1 = definitely absent, 2 = probably absent, 3 = possibly present, 4 =
probably present, 5 = definitely present. For each MR
sequence, a binominal ROC curve was fitted to the confidence-rating data (ROCKIT 0.9B, Metz C, 2003). The area
under the ROC curve (Az value) for each sequence was compared using a two-tailed Student’s t-test. Quantitative analysis was performed in 95 TMJs in 49 patients (53 TMJs with
ADD, 42 TMJs without ADD). Twenty-five TMJs were
excluded from quantitative analysis, as their disks were not
identifiable on every sequence. Regions of interest (ROIs)
were set both on the disk and retrodiskal tissue, and ranged
in size from 1.0 to 2.0 mm2. The ratio of the average intensity for the ROI in the retrodiskal tissue and in the disk (intensity ratio) then was calculated. The intensity ratio of each
sequence was compared using a one-way ANOVA
Bonferroni-Dunn test. Furthermore, on each sequence the
intensity ratio was compared between TMJs with and without ADD using Student’s t- test.
RESULTS
Receiver operating characteristic analysis showed that one
reader achieved superior performance in visualization of
ADD with T1WI(+) than with other sequences (p < 0.01).
Another reader showed the superiority of T1WI(+) than
T2WI and T1WI(-) (p < 0.01). The intensity ratio on
T1WI(+) (4.21 ± ;1.95) was significantly (p < 0.0001) higher than the intensity ratio on T2WI (1.8 ± ;0.79), ProWI (1.97
± ;0.73), and T1WI(-) (2.04 ± ;0.63). On T1WI(+), the intensity ratio in the joints with ADD (4.83 ± ;2.06) was significantly higher (p < 0.001) than that in the joints without ADD
(3.43 ± ;1.50). On other sequences, there was no significant
difference in the intensity ratio between the joints with and
without ADD.
CONCLUSION
The present study qualitatively and quantitatively elucidated
that T1WI(+) can improve the visualization of ADD in
TMDs.
KEY WORDS: Temporomandibular joint, MR imaging, contrast enhancement
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Pilomatricoma in Head and Neck: CT and MR Findings
Park, D. · Jin, H. · Jung, S. · Kim, S. · Heo, J. · Kim, Y. · Park,
C. · Tae, K.
Hanyang University Guri Hospital
Guri, REPUBLIC OF KOREA
PURPOSE
The purpose of this study is to evaluate the imaging findings
of pilomatricoma in the head and neck.
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Double inversion recovery technique was used to suppress
blood flow from the lumen. Before and after the CAS procedure, brain diffusion-weighted imaging (DWI) was performed to examine acute embolic infarct because of CAS
procedure. Signal intensities of carotid plaque on T1-weighted plaque MR images were rated visually as high, iso-, and
low compared with that of adjacent muscle. The number of
embolic infarcts was counted on brain DWI. The correlation
of signal intensity of carotid plaque and embolic infarct was
evaluated.
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MATERIALS & METHODS
We retrospectively analyzed eight cases (5 to 62 years old,
median: 9.5 years old; male:female = 5:3) of surgically
proven pilomatricoma in the head and neck for last 10 years,
which were all demonstrated on CT and/or MR studies. Four
cases of all were located in the infrahyoid neck, two in the
preauricular area and two in cheek.
RESULTS
In all cases, CT and MR studies revealed well circumscribed,
soft tissue masses located in subcutaneous fat layer, partly
abutting on the skin. They were all mildly enhanced after
contrast injection. Variable amounts of calcification were
found on CT scans in six tumors.
CONCLUSION
Pilomatricoma should be included in the differential diagnosis of subcutaneous neoplasms in the head and neck region,
when CT and MR shows a well demarcated, mildly enhancing, benign looking, subcutaneous soft tissue mass partly
abutting on the skin, often containing calcifications.
KEY WORDS: Soft tissue tumor, head and neck
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Role of Vascular Loop at Cerebellopontine Cistern in
Tinnitus
Celik, H. · Akpek, S. · Oner, Y. · Gumus, T. · Gultekin, S. ·
Tokgoz, N.
Gazi University, School of Medicine
Ankara, TURKEY
PURPOSE
To investigate the causative effect of vascular loop and compression of vestibulocochlear nerve at cerebellopontine (CP)
cistern.
MATERIALS & METHODS
Fifty-eight patients with complaint of unilateral tinnitus and
44 age- and sex-matched control group were examined with
temporal MR imaging. Three-dimensional fast imaging
employing steady-state acquisition (3D FIESTA) is used in
addition to regular pre and postcontrast axial and coronal
sequences. Patients having acoustic neurinoma or contrast
enhancement at cranial nerve VIII were excluded. Presence
of vascular loop, it's penetration into the internal acquistic
canal, and compression on cranial nerve VIII were evaluated
by two experienced neuroradiologists. Their frequency in
patient and control group was compared.

Poster 135
Detailed MR Imaging Anatomy of the Glossopharyngeal,
Vagus, and Spinal Accessory Nerves: 3D Balanced FFE
MR Imaging
Moon, W. · Chung, E.
Kangbuk Samsung Hospital
Seoul, REPUBLIC OF KOREA
PURPOSE
The lower cranial nerves (Cn IX, Cn X, and Cn XI) through
the jugular foramen are difficult to identify reliably in routine MR imaging. We performed the 3D balanced FFE imaging technique (3D bFFE) to obtain the detailed anatomy of
the Cn IX, Cn X, and Cn XI and jugular foramen in volunteers.
MATERIALS & METHODS
The 3D bFFE was used to image the lower cranial nerves
and jugular foramen in 20 normal volunteers by using a 0.7
mm slice thickness in the axial planes. For the anatomical
landmark, the jugular foramen was divided into three parts:
the cochlear aqueduct, a recess for Cn IX, a recess for Cn
X/XI complex. MR images were evaluated to identify each
cranial nerve in relation to each part of the jugular foramen.
RESULTS
The mean angle of the cochlear aqueduct, a recess for Cn IX,
a recess for Cn X/XI to the posterior petrous bone was 41.6,
69.7, and 76.0 degrees respectively (p < 0.01). The mean
length of each compartment of jugular foramen was 5.91,
5.08, and 4.76 cm respectively (p < 0.01). Three-dimensional bFFE depicted clearly the Cn IX on 38 sides (95%) and
the Cn X/XI complex on 39 sides (97.5%).
CONCLUSION
Cn IX, Cn X, Cn XI and three parts of jugular foramen can
be visualized easily by 3D bFFE MR imaging techniques.
KEY WORDS: MR imaging, anatomy, cranial nerve
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High-Resolution Flat Panel-Based Volume CT of the
Human Skull Base: Potential Applications in Diagnostic
Imaging and Intraoperative Navigation
Bartling, S. H.1 · Majdani, O.1 · Rodt, T.1 · Graute, J.1 · Dullin,
C.2 · Lenarz, T.1 · Becker, H. G.1
1

Hannover Medical School, Hannover, GERMANY,
Goettingen University Hospital, Goettingen, GERMANY

2

RESULTS
No statistically significant differences were found between
the patient and control group for presence of vascular loop,
its penetration into internal acquistic canal, and compression
on cranial nerve VII.
CONCLUSION
Vascular compression can not be attributed as an etiological
factor for tinnitus.
KEY WORDS: Tinnitus, vascular compression

PURPOSE
Flat panel-based volume CT (fpVCT) can provide a higher
resolution than MSCT as demonstrated in numerous experiments involving small, exiled specimens. With the recent
availability of experimental fpVCT scanners that offer a scan
field of view (FOV) big enough for the whole human skull
base, experiments involving natural size specimens can be
performed to analyze the realistic potential of this technology. Improvements in resolution can be expected to have an
impact on imaging of small, high contrast structures (a) and
on the surgical accuracy of intraoperative navigation (b).
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RESULTS
(a) The average sum scores were higher for fpVCT (60.8)
than for MSCT (41.5) (p <0.05). Small high-contrast structures are better visualized using fpVCT then MSCT. (b)
Average TRE using fpVCT was 0.46 mm (SD 0.22). It was
significantly lower (p < 0.01, two-sided t-test) than using
MSCT 0.82 mm (SD 0.35). (c) Up to date, in four out of four
experiments, successful stereotactic cochleostomies were
performed. More results will be presented at the meeting.
CONCLUSION
High-resolution imaging provided by fpVCT has a big
potential for imaging problems involving the human skull
base. It can improve diagnosis of pathologies involving
small high-contrast structures. The improved surgical accuracy of intraoperative navigation could make new procedures such as navigated, stereotactic, atraumatic cochlea
implantation and precise biopsies of otherwise hard to reach
regions possible. Flat panel-based volume CT could find a
wide spread use in form of flat panel-based C-arm systems
that offer rotational scanning modes.
KEY WORDS: Flat panel volume CT, skull base, intraoperative navigation
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Optimization of FLAIR Inversion Times for Suppression
of Labyrinth Signal at 3.0 T
Butman, J. A. · Ferrier, M. C.
Warren G. Magnuson Clinical Center, National Institutes of
Health
Bethesda, MD
PURPOSE
FLAIR inversion times were varied to determine the optimal
inversion times for suppressing fluid signal from different
intracranial fluid compartments.
MATERIALS & METHODS
Brain MR imaging was performed at 3.0 T on 12 healthy
volunteers using a 6 channel 8 coil whole head phased array
under an IRB approved protocol. Contrast parameters were
TR 11000, TE 125, ETL 27, TI 2350-2850. Geometric
parameters were: FOV 230 mm, thickness 2.3 mm, gap 0.2,
matrix 256 x 224. FLAIR imaging was obtained with inversion times of 2350, 2450, 2550, 2650, 2750, and 2850. The
presence or absence of detectable signal above background
noise was assessed visually in the following five fluid compartments: lateral ventricles (ventricular CSF), superior cerebellar cistern (subarachnoid CSF), vitreous humor, vestibule,
and cochlea.
RESULTS
Figure 1 shows signal intensity in the cochlea and in the
globe at different inversion times in a single subject, compared to a T2-weighted image for anatomical reference.

Cumulated counts of the inversion times in which virtually
complete suppression of signal was seen are tabulated below.
Structure
Ventricles
Vitreous
Cisterns
Vestibule
Cochlea

2350
0
0
0
0
1

Inversion Times
2450
2550 2650 2750
0
0
0
4
0
0
0
9
0
0
8
1
2
9
8
2
7
9
1
0

2850
9
3
0
0
0

Note that sum of the rows is greater than the number of cases
(n = 12) as suppression of fluid was seen at more than one
inversion time, particularly for smaller structures.
CONCLUSION
The inversion time (TI) used in FLAIR to suppress fluid signal at a given TR depends on the T1 relaxation rate of the
fluid. We have found that optimal inversion times at 3.0 T
vary considerably among intracranial fluids, ranging from
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MATERIALS & METHODS
(a) Three embalmed human heads were scanned in a fpVCT
(GE) and in a current MSCT (GE Lightspeed 16). MSCT
scanning was performed to optimize the spatial resolution
(120 kV, 80 mA, 0,625 mm collimation) as was reconstruction (9.6 cm rFOV, 512*512 matrix, 0.3 mm z-spacing,
“boneplus” kernel, “standard” reconstruction). The fpVCT
scanner consisted of two flat-panel detectors (10242 elements
of 2002 µm2) that were mounted side by side on a standard
CT gantry. Scan FOV was 27 cm with a z-coverage per rotation of 3.4 cm. Step and shoot scanning (1000 projections, 8
s rotation time, 140 kV, 25 mA) and modified FDK reconstruction with -ontrast filtering were performed. The visualization quality of 21 structures of the skull base that are
known to be challenging for MSCT were rated on a 4 point
scale by two independent raters. (b) An acrylic glass phantom providing numerous navigation fiducial markers was
designed. It was scanned in both scanners. The VectorVision2
(BrainLAB) optical navigation system was used. For registration, six corresponding cone tips were identified in
datasets as well as in the phantom using a standard pointer.
For measuring the average target registration error (TRE),
that is a good measurement of the surgical accuracy of intraoperative navigation, seven different coin tips were identified using the pointer; then the length of the distance
between indicated pointer position and corresponding coin
tip was noted. Each measurement was repeated five times.
Average TRE was calculated, compared and two-sided t-Test
performed. (c) Using the fpVCT datasets navigated stereotactic cochleostomies and biopsies were performed on whole
human skull bases.
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2450-2550 ms in the cochlea, to 2850 in the ventricles.
Presumably this represents different T1 relaxation rates in
these fluids, likely due to variation in oxygen and protein
content. These differences should be taken into account in
the design of clinical and experimental protocols, and may
inform clinical interpretation.

Poster 139

KEY WORDS: Cerbrospinal fluid, endolymph, perilymph
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PURPOSE
To present a series of patients with abnormal signal in the
membranous labyrinth on contrast-enhanced FLAIR
sequences and correlate this abnormality with the patients'
clinical and functional auditory and vestibular studies.

There CAN Be only One: Incidence
Characterization of Unifocal Mandible Fractures

and

Escott, E. J. · Branstetter, B. F.
University of Pittsburgh Medical Center
Pittsburgh, PA
PURPOSE
Conventional thinking amongst radiologists is that, in the
setting of blunt trauma, the mandible acts as a closed “ring”
that needs to fracture at 2 points. The frequency of multiple
mandible fractures, however, has been reported only as high
as 67%, and significantly less in some series. Unfortunately,
many of these studies did not use CT to confirm the presence
of suspected fractures and exclude nondisplaced fractures.
The purpose of this study was to characterize unifocal
mandible fractures and to determine their incidence based on
detection with dedicated facial bone CT scans.
MATERIALS & METHODS
We retrospectively reviewed the medical records and imaging reports of patients at a high volume level 1 trauma center and its affiliated hospitals over a 3-year period to identify patients who had mandible fractures documented on a
dedicated facial bone CT scan. For cases in which the images
were available, all unifocal fractures were confirmed by consensus review of two head and neck radiologists. The incidence of unifocal fractures was determined and the unifocal
fractures were further subcategorized and characterized.
RESULTS
The incidence of unifocal mandible fractures was 45%.
Three unifocal fracture patterns were identified: simple unifocal, comminuted unifocal, and unifocal with condylar dislocation.
CONCLUSION
Unifocal mandible fractures occur with greater frequency
than anticipated by many radiologists. This may be due to
the complex, somewhat dynamic nature of the mandibular
“ring,” which includes the temporomandibular joints. These
joints may dislocate during blunt trauma, but relocate before
imaging. Although radiologists should always seek out a second site of mandibular fracture when one is found, in a significant percentage of patients a second fracture site will not
be present.
KEY WORDS: Mandible, fracture, facial bones

Increased Signal in the Membranous Labyrinth on
Postcontrast FLAIR Images: Correlation with Auditory
and Vestibular Function
Mark, A. S.1 · Prere, J.2 · Fitzgerald, D.1 · Bartoli, P.2

MATERIALS & METHODS
Fourteen patients with abnormal signal on contrast-enhanced
FLAIR images in the membranous labyrith were reviewed
retrospectively. The studies were performed on 1.5 T systems and the findings were correlated with the labyrinthine
signal on the other standard pulse sequences (T1 and T2) as
well as with the patients' auditory and vestibular studies.
RESULTS
Eleven patients had abnormal signal in both the cochlea and
the vestibule, one patient only in the vestibule and two
patients with a large vestibular aqueduct syndrome (LVAS)
had abnormal signal in the endolymphatic sac.In only one
patient did the postcontrast T1 images show mild enhancement of the labyrinth.The precontrast T1and T2 images were
normal in all patients. In 2 patients who had chronic renal
failure the bilateral enhancement was due to the delayed
leakage of contrast into the labyrinth 2 days after a prior contrast-enhanced study (which did not show abnormal
labyrinthine signal). All other patients had unilateral abnormalities. One patient had presumed radiation-induced
labyrinthitis 2 years after gamma knife treatment for a CP
angle meningioma. Seven patients had presumed viral
labyrinthitis. One patient had syphilitic labyrinthitis. One
patient with enhancement limited to the posterior labyrith
had presumed endolymphatic hydrops. All patients with
abnormal cochlear and vestibular signal on postcontrast
FLAIR images except for the two patients with chronic renal
failure (who had no vestibular or auditory symptoms) had
sensoryneural hearing loss and vertigo.The patient with
abnormal signal in the vestibule and semicircular canals had
only vertigo but no hearing loss.
CONCLUSION
Postcontrast FLAIR images may show abnormal signal in
the labyrith in patients with chronic renal failure who had
prior contrast studies. Postcontrast FLAIR images are more
sensitive then postcontrast T1-weighted images for the
detection of abnormal signal in the membranous labyrinth
and correlate in most cases with auditory and vestibular
symptoms. This finding also is very specific for labyrinthine
disease in the absence of chronic renal failure. A subgroup of
patients with LVAS demonstrates abnormal signal in the
endolymphatic sac on postcontrast FLAIR images. Further
studies are necessary to elucidate the cause and significance
of this finding.
KEY WORDS: Labyrinth, FLAIR, contrast enhancement

Posters.qxp

3/9/2006

11:31 AM

Page 347

347
Interventional
140-183

Evaluation of Intracranial Aneurysms: Comparison
between 3D Digital Subtraction Angiography and 3D
Digital Angiography
Hirai, T.1 · Korogi, Y.2 · Yamura, M.1 · Shigematsu, Y.3 ·
Ikushima, I.1 · Uemura, S.3 · Yamashita, Y.1
1

Kumamoto University, Kumamoto, JAPAN, 2University of
Occupational and Environmental Health, School of
Medicine, Kitakyushu, JAPAN, 3Amakusa Medical Center,
Hondo, JAPAN
PURPOSE
To compare the depiction and delineation of intracranial
aneurysms between volume-rendered (VR) three-dimensional digital subtraction angiography (3DDSA) and VR 3D digital angiography (3DDA).
MATERIALS & METHODS
Thirty consecutive patients with intracranial saccular
aneurysms underwent conventional DSA and rotational
angiography. Mask images were obtained for 3DDSA.
Volume-rendered 3DDSA and VR 3DDA images were created from the rotational angiography datasets. Two radiologists independently assessed for overall image quality, overall image artifact, detection of aneurysm, and aneurysm
delineation including neck, shape and relationship to adjacent vessels. Aneurysm volume was measured in each
aneurysm and compared between the two VR 3D images.
RESULTS
Data analysis was performed for 36 surgically confirmed
aneurysms. For overall image quality, VR 3DDA images
were significantly superior to VR 3DDSA images. With
regard to overall image artifact, VR 3DDA images were significantly less severe than VR 3DDSA images. Volume-rendered 3DDA images were equal to VR 3DDSA images for
detection of aneurysm. Volume-rendered 3DDA images
were significantly superior to VR 3DDSA images for delineation of aneurysm neck, aneurysm shape, and relationship
to adjacent vessels. With regard to aneurysm volume measurement, there was no significant difference between the two
VR 3D images.
CONCLUSION
In this investigation, VR 3DDA is preferable to VR 3DDSA
for the evaluation of intracranial aneurysms.
KEY WORDS: Intracranial aneurysm, 3D angiography

Patient-Specific Computational Modeling of Cerebral
Aneurysms with Multiple Avenues of Flow from 3D
Rotational Angiography Images
Putman, C. M.1,2 · Castro, M.2 · Cebral, J. R.2
1
Inova Fairfax Hospital, Falls Church, VA, 2George Mason
University, Fairfax, VA

PURPOSE
Previous studies of aneurysm flow dynamics based on 3D
rotational angiography images have been limited to
aneurysms with a single route of blood inflow. But
aneurysms of the circle of Willis can involve locations with
more than one source of inflow such as aneurysms of the
anterior communicating artery. The highest resolution
images of the cerebral vessels are from rotational angiographic images, but this technique is limited to visualizing
only one route of inflow at a time leaving a significant limitation in the application of 3DRA image sets for clinical
studies of patient-specific CFD visualizations. A new
method for constructing subject-specific models of cerebral
aneurysms with multiple avenues of flow from rotational
angiography images is used to model aneurysms involving
vascular networks and the hemodynamics analyzed.
MATERIALS & METHODS
Rotational angiography images obtained by contrast injection in each of the vessels that provide inflow to the
aneurysm are reconstructed independently of each of these
vascular trees and fused together into a single anatomical
model. The model then is used to construct a finite element
grid for computational fluid dynamics simulations of hemodynamics. Three examples of patient-specific models are
presented: an anterior communicating artery aneurysm, a
basilar tip aneurysm, and a model of an entire circle of Willis
with five coincident aneurysms. The methodology is evaluated with a numerical phantom of an idealized aneurysm of
the anterior communicating artery.
RESULTS
The numercial phantom shows good correlation between the
generated grids with differences of less than one voxel
resulting in only a subtle flattening of the dome. CFD simulations show qualitatively identical flow patterns except only
very subtle differences in secondary vortical patterns.
Successful construction of models involving patient-specific
vascular networks were completed and CFD analysis done
using varying flow conditions. Intraaneurysmal flow patterns are influenced strongly by the merging of the two
inflow streams in a more complicated pattern than previously described aneurysms. This effect is reduced as distance
from the merging streams increases.
CONCLUSION
A new method of merging 3DRA datasets can be used to perform patient-specific modeling of intracranial vascular networks. The presence of merging flow streams can pronouncedly affect intraaneurysmal flow conditions resulting
in more complicated patterns than found in aneurysms with
only source of inflow.
KEY WORDS: Aneurysm, computer, hemodynamics
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Therapeutic Managements of Unruptured Intracranial
Aneurysms in Japan

Preliminary Study of Wall Shear Stress of an Intracranial
Aneurysmal Model Based on the Data of Time-Resolved
Three-Dimensional Phase-Contrast MR Imaging

Ishibashi, T. · Murayama, Y. · Saguchi, T. · Ebara, M. · Irie,
K. · Takao, H. · Onoue, H. · Ikeuchi, S. · Ogawa, T. · Abe, T.
The Jikei University School of Medicine
Tokyo, JAPAN

Isoda, H.1 · Yamashita, S.1 · Ohkura, Y.2 · Kosugi, T.2 ·
Takeda, H.1 · Takehara, Y.1 · Inagawa, S.1 · Hirano, M.3 ·
Alley, M. T.4 · Markl, M.5 · Pelc, N. J.4 · Sakahara, H.1
1

PURPOSE
We devised a prospective protocol for unruptured intracranial aneurysm (UIA) management in March 2003. This protocol was defined on the basis of the advantage of endovascular treatment (EVT) and lower annual rupture rate in small
size aneurysms. The purpose of this study is to verify the
validity of therapeutic management of UIAs in a single center's experience in Japan.
MATERIALS & METHODS
From March 2003 through October 2005, a total of 432
patients with 532 UIAs were referred to our institution.
Aneurysms that already have been observed in other clinics
were included in this study. All data of the patients and their
aneurysms were entered into database of the outpatient clinic. The patient who had fusiform or dissecting aneurysms, or
aneurysms which already had surgical treatment performed,
were excluded from the study. Five hundred and four saccular unruptured intracranial aneurysms (SUIAs) were included in this study. All aneurysm sizes were measured by CTA
in an outpatient clinic. The aneurysms without surgical treatment were followed and their size measured by CTA every 6
months. We recommend treatment to an aneurysm with a
size of 5 mm or more and our first recommendation of therapeutic option for UIA is EVT.
RESULTS
Treatment group: 118 patients haboring 130 aneurysms in
371 SUIAs (25.8%) were treated by both clipping or EVT
(EVT 119, clipping 11). Endovascular treatment was technically feasible for 115 of 119 SUIAs (96.6%). Two patients
had neurological deficit according to a thromboembolic
event and one aneurysm was ruptured completely after coil
embolization, resulting in a morbidity and mortality rate of
1.8% and 0.9%, respectively. Observation group: 374 out of
504 SUIAs (72.8%) have been observed in outpatient clinic.
Mean follow-up duration was 387.7 days. There were eight
aneurysms ruptured (1.4%) during observation. Annual rupture rate of the aneurysms less than 5 mm and greater than 5
mm was 0.4% and 3.7%, respectively in the observed
aneurysms. On the other hand, morbidity rate of aneurysms
smaller than 5 mm and greater than 5 mm were 0% and 2.9%
respectively in treated aneurysms. Both morbi-mortality
rates were lower than the annual rupture rate in our institute.
CONCLUSION
Endovascular treatment for UIAs was favorable as first line
therapy of surgical treatment.
KEY WORDS: Intracranial aneurysm, endovascular surgery
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JAPAN, 2Renaissance of Technology Corporation,
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CA, 5University Hospital Freiburg, Freiburg, GERMANY
PURPOSE
Hemodynamics plays a very important role in the development, growth, and rupture of intracranial aneurysms. We
now are developing a postprocessing software called “flow
visualization and analysis (Flova)” for 4D data sets obtained
by time-resolved three-dimensional phase-contrast MR
imaging (4D Flow), which provides us with four-dimensional information of flow including space and time. Flova can
calculate wall shear stress (WSS), streamlines, pathlines and
particle traces in a few minutes based on the data of both 4D
Flow and MR angiography. The purpose of our study was to
evaluate the accuracy of hemodynamic analysis and WSS
obtained by Flova using flow data of a straight tube and to
demonstrate the WWS distribution of a silicon aneurysmal
model.
MATERIALS & METHODS
Four-dimensional Flow was performed for a straight tube
with a 16 mm diameter and constant flow of glycerin solution with an average velocity of 40cm/s by a 1.5 T GE MR
scanner with a head coil. Based on these 4D Flow data,
Flova calculated flow velocity characteristics and WSS of
the straight flow. Flow visualization and analysis was able to
interpolate sampled data near the vascular wall and the WSS
based on the shearing velocity at 0.4-1 mm from the wall.
We compared flow rate and WSS obtained by Flova with
actual measured flow rate, 2D cine phase contrast MR measurement and theoretically predicted WSS. 4D Flow acquisition and hemodynamic analysis by Flova was performed for
a realistic hollow silicon IC PC intracranial aneurysm model
(based on clinical imaging data; three times actual size) with
a constant flow. Flow visualization and analysis calculated
the WSS based on the shearing velocity at 0.5 mm from the
wall using the data set obtained by 4D Flow. Streamlines of
the silicon model were obtained.
RESULTS
The WSS of straight tube based on the shearing velocity at
0.4-1 mm from the wall was estimated to be 2.64-2.04 Pa
and was similar to the theoretically predicted value (2.0 Pa).
The aneurysm model had relatively weaker WSS in the bleb
than in the surrounding aneurysmal wall. The spiral flow
toward the bleb in the silicon aneurysm model could be
shown more clearly by the streamlines obtained by 4D Flow
with VENC of 80 cm/s than 40 cm/s.
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studied using RT-PCR on 16 subjects (8 coiled aneurysms, 8
control samples). Histology was performed on 4 coiled
aneurysms.

KEY WORDS: Intracranial aneurysm, hemodynamics, phasecontrast MR imaging

CONCLUSION
Expression of multiple vascular remodeling genes is altered
in aneurysms embolized with platinum coils. Synthesis and
remodeling of the extracellular matrix components by variety of cell types is likely one of the major determinants of
healing.
KEY WORDS: Aneurysm, vascular remodeling, gene expression
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Regulation of Gene Expression in Healing of ElastaseInduced Aneurysm Embolized with Platinum Coils in
Rabbits
Kadirvel, R. · Ding, Y. · Dai, D. · Danielson, M. A. · Lewis,
D. A. · Cloft, H. J. · Kallmes, D. F.
Mayo Clinic College of Medicine
Rochester, MN
PURPOSE
Endovascular treatment of intracranial aneurysms with
detachable coils has been used widely as an important alternative to surgical clipping. Even though widely applied,
endovascular coils suffer substantial shortcomings, including high rates of recanalization in large aneurysms. The
mechanism of aneurysm healing after platinum coil implantation is poorly understood and rarely has been studied. The
purpose of this study was to analyze the gene expression of
some vascular molecules during vascular remodeling in
experimental aneurysms embolized with platinum coils.
MATERIALS & METHODS
Elastase-induced saccular aneurysms were created at the origin of right common carotid artery in 20 rabbits. Aneurysms
were allowed to mature for 4 weeks then 12 aneurysms were
embolized using platinum coils by endovascular means.
Eight uncoiled aneurysms were used as controls.
Angiography was performed prior to and immediately after
embolization and at the time of tissue harvest. After 4 weeks
of implantation, aneurysm samples were harvested for histologic and gene expression studies. Gene expression was

Poster 145
Efficacy of Time of Flight MR Angiography in the Follow
Up of Coiled Intracranial Aneurysms Compared to
Digital Subtraction Angiography as the Gold Standard
Hurley, M. C. · Thornton, J. · Brennan, P.
Beaumont Hospital Dublin
Dublin, IRELAND
PURPOSE
To determine whether time of flight (TOF) MR angiography
(MRA) performed on a standard MR imaging machine can
replace conventional digital subtraction angiography (DSA)
in the follow up of patients with coiled intracranial
aneurysms.
MATERIALS & METHODS
Patients were enrolled prospectively for both DSA and TOF
MRA at 6 months postcoiling of their intracranial
aneurysm(s). Digital subtraction angiography examinations
were performed on a single plane Advantx LCA+ angiography unit with standard and working angle views. Time of
flight MRA was performed within 4 weeks of the DSA on a
GE Genesis-signa machine operating at 1.5 T. Maximum
resolution (voxel size 0.3 x 0.6 x 1.6 mm) and minimum TE
(5.5 ms) were employed to minimize dephasing artifact.
Digital subtraction angiography and MRA images were
assessed by two blinded senior interventional neuroradiologists using the modified Raymond and Roy system.
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CONCLUSION
Wall shear stress calculated by Flova based on the shearing
velocity at the proper distance from the wall seemed to be
accurate. Hemodynamic analysis of the data of 4D Flow by
Flova provided us with streamlines and WSS of the silicon
aneurysmal model three times actual size with constant flow.

RESULTS
All coiled aneurysms (n = 16) were completely or near completely occluded angiographically at the time of embolization and at follow up. All control, uncoiled aneurysms
remained completely patent throughout follow up. Gross
examination of coiled aneurysms showed coils were visible
at the neck and partially embedded within a membrane-like
material. The aneurysm cavities were filled with unorganized thrombus and scattered fibrous tissue. The spindle cells
within the immature fibrous tissue were positive for smooth
muscle actin (SMA) and vimentin, indicating they are
myofibroblasts. CD31 positive single layer of cells lined the
entire neck (n = 4). The expression of MMP-9, eNOS, TGFβ and SMA were found to be elevated in coiled aneurysms
when compared to uncoiled aneurysms. Conversely, the
expression of VCAM-1 and TNF were decreased in
embolized aneurysms. There were no significant changes in
the expression of MMP-2, TIMP-1, TIMP-2 and PECAM-1.
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RESULTS
Sixty aneurysms were assessed in 54 consecutive patients.
Average patient age was 47.5 years with a male:female ratio
of 1:2.65. Digital subtraction angiography was performed an
average of 9 months postcoiling (range 3-13 months) and
TOF MRA an average 16 days post DSA (range 0-32 days).
At follow up, DSA showed incomplete occlusion in 26
aneurysms (43%). There were 8 cases of aneurysm regrowth.
Time of flight MRA correctly correlated with DSA in 58
cases (sensitivity of 97% with a confidence interval of 87 93%). In the two discrepant cases, the TOF MRA underestimated a stable remnant. All cases of regrowth were identified correctly.
CONCLUSION
Contrary to the findings of previous studies, we find that
TOF MRA on a standard specification machine, when
parameters are optimized, is a reliable replacement to DSA
in the follow up of coiled intracranial aneurysms.

RESULTS
Before the flow conversion, the flow pattern in the aneruysm
was that of the bifurcation aneurysm (Fig, streamline colored
with local velocity). Large amount of blood flowed in the
aneurysm and impinged at its neck. The shape of high velocity area near aneurysmal orifice resembled the shape of possible recanalized area if the aneurysm were embolized with
coils. After the flow conversion, the flow pattern in the
aneurysm changed to that of the sidewall aneurysm. In this
case, the bypass to the right PCA decreased the flow in the
aneurysm more markedly than the bypass to the left PCA.
Our results suggested that the parent artery occlusion with
the bypass surgery to the left PCA might prevent the recanalization of the aneurysm after the coil embolization of the
presented aneurysm.

KEY WORDS: Aneurysm, MRA, coiled
Poster 146
Computer Simulation of Intraaneurysmal Flow
Dynamics after Parent Artery Occlusion and Bypass
Surgery
Shojima, M.1 · Oshima, M.2 · Iijima, A.3 · Morita, A.3 ·
Nemoto, S.1
1

Jichi Medical University, Tochigi, JAPAN, 2Institution of
Industrial Science, Tokyo, JAPAN, 3University of Tokyo,
Tokyo, JAPAN
PURPOSE
Large aneurysm, especially that with mural thrombus, is
likely to recanalize after coil embolization. Hemodynamic
stresses, such as flow impingement of parent artery, are supposed to have significant roles in the process of the recanalization after coil embolization. Thus, flow conversion with
parent artery occlusion and bypass surgery may prevent the
recanalization of large and partially thrombosed aneurysm.
In this study, computer simulation is introduced to investigate intraaneurysmal flow dynamics before and after parent
artery occlusion and bypass, and the feasibility of the flow
conversion procedure was investigated.
MATERIALS & METHODS
A case of a large (22 mm) partially thrombosed aneurysm at
the basilar artery is presented. Computer simulation model
was created from the volume data of 3D CT angiography.
The flow dynamic simulation was performed using a commercially available software (SC/Tetra, Cradle Co. Ltd.,
Japan) with the assumption that the vessel wall was rigid and
the blood was the Newtonian fluid. The simulation was done
in three condition: 1. physiologic flow condition from parent
artery (95 ml/min, measured with phase contrast MR
velocimetry), 2. parent artery occlusion and bypass to left
posterior cerebral artery (PCA), 3. parent artery occlusion
and bypass to right PCA. The flow of the bypass was
assumed to be 60 ml/min.

CONCLUSION
Computer simulation before flow conversion procedure may
provide useful clinical information. The simulation also may
be useful for deepening our knowledge into the pathophysiology of the recanalization of the embolized aneurysm.
KEY WORDS: Aneurysm, computer simulation, hemodynamics
Poster 147
Treatment of Cerebral Arterial Dissections with Stent or
Stent-Assisted Coil Embolization
Baik, M. · Kim, S.
Holy Family Hospital, Catholic University of Korea
Bucheon, REPUBLIC OF KOREA
PURPOSE
Cerebral dissection remains one of the difficult diseases to
treat surgically if the parent artery has to be preserved. With
the advent of navigable intracranial stents, these lesions are
now amenable to endovascular stenting or stent-assisted
coiling. We herein report our experiences of cerebral dissections treated with these endovascular technique.
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RESULTS
There was one procedure-related complication, bleeding
from the dissecting aneurysm during coiling procedure.
Thirteen patients had clinical follow up from 1 month to 56
months (mean 20.8 months). No patient had recurrent bleeding among 4 patients with SAH presentation. Among 10
patients presented with ischemic symptom, 7 patients
improved and 3 patients remained with the symptoms.
Follow-up angiogram was taken for 6 stented lesions, 4
aneurysmal and 2 stenotic lesions, during the period of from
2 months to 38 months. Among 4 aneurysmal lesions,
remodeling of the lesion with no aneurysmal filling was seen
in 2 and persisting aneurysm filling in 2. In 2 stenotic
lesions, reconstructed dilatation of the stenotic segment was
maintained.
CONCLUSION
We have applied endovascular stenting for the treatment of
intracranial dissections with acceptable safety and good
results. This evolving technology of intracranial stent can be
used as an alternative choice in the treatment of cerebral dissections.

stent (EnterpriseTM/Cordis) was deployed successfully horizontally across the aneurysm neck with subsequent antegrade trans-stent catheterization and coiling of the aneurysm.
MATERIALS & METHODS
Case 1. A healthy 28-year-old female presenting with mild
dizziness and strong family history of aneurysm. CT/MR
angiography and cerebral arteriogram demonstrated an
unruptured wide-neck basilar aneurysm,10 x 8 mm. The
EnterpriseTM stent was navigated successfully from the left
internal carotid artery across the posterior communicating
artery, and into the P1 segment of the ipsilateral and the contralateral posterior cerebral arteries. Case 2. A 58-year-old
hypertensive female presented with headache. CT/MR
angiography and cerebral arteriogram shows an unruptured
left carotid terminus broad-neck aneurysm 6 x 4 mm. The
Enterprise stent was navigated successfully from the contralateral internal carotid artery across the anterior communicating artery, and into the M1 segment of the ipsilateral
middle cerebral artery.
RESULTS
The new stent design with its high flexibility and low profile
allows for successful and easy navigation of torturous
intracranial blood vessels with successful horizontal deployment across the aneurysm neck using a cross-over technique.
The closed cell design, with its radial force, allows for successful antegrade transstent catheterization and subsequent
coiling of the aneurysm with good anatomical and clinical
results without the risk of coil herniation into the parent
artery through the cells of the stent.
CONCLUSION
The design of the EnterpriseTM stent is highly favorable for
navigation of torturous blood vessels and for stent-assisted
coiling of broad-neck bifurcation aneurysms and may be
superior to the current available open cell design stent.
KEY WORDS: Aneurysm, stent-assisted coiling

KEY WORDS: Dissections, stent, stent-assisted coil
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Horizontal Stent Deployment for Stent-Assisted Coiling
of Bifurcation Aneurysms Using a New Self-Expanding
Coil
Morsi, H.
Baylor College of Medicine
Houston, TX
PURPOSE
To describe a novel technique of treating wide-neck bifurcation aneurysms using a new self-expanded stent
through/across the communicating arteries. Endovascular
and surgical treatment of bifurcation aneurysms remain technically challenging due to their anatomy and higher tendency to recur and rerupture. For endovascular management,
various adjunctive techniques such as remodeling techniques
(4), Trip span® (6) or as recently reported, “Y-stenting” (1, 5)
have been proposed (3). We present two cases of wide-neck
bifurcation aneurysms: one aneurysm at the internal carotid
artery bifurcation and another aneurysm at the tip of the basilar artery. In both patients, a new closed cell self-expanded

Treatment of Direct Fistulas with the HydroCoil
Embolization System
Zenzen, W. J. · Evans, A. J. · Jensen, M. E. · Schweickert, P.
S.
University of Virginia
Charlottesville, VA
PURPOSE
We describe six cases of endovascular occlusion of direct
fistulas using expandable hydrogel-coated platinum coils.
The rationale for using HydroCoils in this setting was 1) to
gain experience with a new device in a relatively “safe”
environment (e.g., venous structures), 2) to determine the
behavior characteristics and performance of HydroCoils as
compared to bare platinum and fibered coils in the complete
closure of direct fistulas, and 3) to analyze HydroCoil performance in high flow states. Introduction: Direct carotid
cavernous fistulas are defined by an abnormal connection
between the cavernous carotid artery and the cavernous
sinus. These lesions present with a myriad of symptoms
including chemosis, proptosis, exophthamos, diplopia,
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MATERIALS & METHODS
Fourteen patients with cerebral dissections (male:female =
12:2, age: 25 -67 years, mean 48.6 years) were treated from
July 1999 to June 2004 in our hospital. One patient had a
mirror dissection on bilateral vertebral arteries. The presenting symptoms were SAH in 6, ischemic symptoms in 6 and
asymptomatic in 2 patient. Twelve lesions (including 1 mirror lesion) located in the vertebrobasilar system and 3 lesions
were in the carotid system. Angiographically, 8 lesions had
sacular or fusiform dilating segment and 7 lesions had
stenotic segment. Stent plus coiling procedure was done in 4
lesions of SAH presentation and stent only for the rest of the
11 lesions. Multiple procedures were needed in 2 patients,
stent first and coiling in second session in one, and triple
stenting of stent-within-stent procedure in the other patients.
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retroorbital pain, and blindness. Transarterial detachable balloon treatment is a well established safe and effective
method of treatment and is the definitive therapy in the
majority of cases. We describe six cases of endovascular
occlusion of direct fistulas using expandable hydrogel-coated platinum coils.
MATERIALS & METHODS
We have treated a total of 6 consecutive patients with direct
fistulas at our institution between October 2002 and October
2005. Patients either initially presented to our institution for
treatment or were referred for evaluation. Patients treated for
direct fistulas (CCF and vertebral) in our institution between
October 2002 and October 2005 included a total of six
patients, two males and four females. The patients ranged in
age from 11 years old to 39 years old. Three patients had
direct carotid cavernous fistulas and three patients had vertebral fistula, two of which were spontaneous.
RESULTS
The three vertebral fistula were occluded successfully. Of
the three direct CCF, all were occluded eventually.
CONCLUSION
We have demonstrated successful initial closure direct fistulae using HydroCoils. The volume expansion afforded with
HydroCoils may allow for closure of the fistula using fewer
coils, thus decreasing the duration of the procedure and possibly resulting in a decreased recurrence rate. Further clinical and angiographic follow-up will be necessary to confirm
our experience and document persistent closure of the fistulas.
KEY WORDS: Fistula, direct, embolization
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Percutaneous
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of
Craniofacial
Arteriovenous Malformation: The Use of Circular Ring
for Blood Flow Reduction
Ryu, C.1 · Lim, M.1 · Suh, D.2
1

Inha University Hospital, Incheon, REPUBLIC OF
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PURPOSE
To evaluate the efficacy of the compression by circular ring
for blood flow reduction during preoperative embolization
of high-flow craniofacial arteriovenous malformation
(AVM) with n-butyl cyanoacrylate (NBCA).
MATERIALS & METHODS
The craniofacial arteriovenous malformation with multiple
feeding arteries, multiple draining veins, and high blood
flow velocity was included in this study. The arrest of the
afferent and efferent blood flow was confirmed under compression by the placement of a circular ring on intraarterial
and direct punctured angiography. Lesions were punctured
percutaneously with an 18-gauge needle in the area of arteriovenous connection. N-butyl cyanoacrylate diluted 3050% with iodized oil was injected during compression of the
verge of the AVM by circular ring.

RESULTS
Five cases were included in this study. Four cases were located in the scalp and one was in the neck. Two cases were congenital lesion and three were the posttraumatic lesion. In all
cases, afferent and efferent blood flow of AVM was almost
stopped by compressing with use of circular ring on the
intraarterial and direct puncture angiography. All cases were
devascularized successfully and there was no complication
of distant migration of NBCA or systemic migration on chest
radiography.
CONCLUSION
Because the circular ring can reduce the blood flow through
multiple channels from multiple directions, it would be
effective and safe for percutaneous embolization of craniofacial AVM with high flow.
KEY WORDS: Craniofacial arteriovenous malformation, percutaneous embolization
Poster 151
Transvenous Treatment of Cranial Dural Arteriovenous
Fistulas with Hydrogel-Coated Expandable Coils:
Techniques, Clinical, and Radiologic Outcome in Seven
Consecutive Cases
Klurfan, P.1,2 · Gunnarsson, T.1 · Shelef, I.1 · terBrugge, K. G.1
· Willinsky, R. A.1
1

University of Toronto, Toronto, ON, CANADA, 2McMaster
University, Hamilton, ON, CANADA

PURPOSE
Intracranial dural arteriovenous fistulas (DAVF) with cortical venous reflux may become symptomatic due to the presence of venous congestion or due to intracranial hemorrhage.
Intracranial DAVF also can cause venous congestion in the
orbit resulting in proptosis, chemosis, double vision, and
progressive visual loss. The transvenous approach has been
used for selective disconnection of the venous drainage in
order to eliminate the venous congestion and future risk of
neurologic deficit. Hydrogel-coated coils (HydroCoil®)
expand after contact with blood causing the coils to swell up
to 5-11 times a standard 10-system bare platinum coil. Due
to this property, HydroCoils could have an advantage over
platinum coils in transvenous approach to embolization of
DAVFs.
MATERIALS & METHODS
Seven patients with symptomatic cranial DAVF underwent a
transvenous embolization using HydroCoils as the only
embolic agent or in a combination with bare platinum coils
in six patients and one was treated with Hydrocoils in combination with one Matrix® coil. The patients’ characteristics,
symptoms, the angioarchitecture of the DAVF, treatment,
complications, and results were analyzed.
RESULTS
All the DAVFs were disconnected at the end of the procedure. All the patients with orbital symptoms had significant
improvement. There were no periprocedural complications.
Five patients had radiologic follow up showing cure.
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KEY WORDS: Cranial dural arteriovenous fistula, transvenous treatment, hydrocoil
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Embolization
of
Facial
Malformations with Onyx

High-Flow

Vascular

Arat, A.1 · Cil, B.2 · Vargel, I.3
1

during surgery. No patient suffered a clinically significant
inflammatory reaction. Mild dark/black discoloration was
noted if excessive amounts of the embolic material was used.
Two patients underwent surgery, one for removal of the
embolic cast and the surgically accessible remnant of the
vascular malformation and one to obtain a better cosmetic
result. In all cases except the large orbitofacial malformation, immediate total or near total obliteration was attained
with a single session of embolization.
CONCLUSION
Physical properties of Onyx render it very suitable for
embolization of facial vascular malformations. The ability to
perform prolonged injections and the presence of a lesser
inflammatory reaction as compared to acrylic glue are
advantages of this embolic material in the embolization procedures in the head and neck region.
REFERENCES

2

Baylor College of Medicine, Houston, TX, Hacettepe
University Hospitals, Ankara, TURKEY, 3Kirikkale
University Hospitals, Kirikkale, TURKEY
PURPOSE
Facial arteriovenous malformations, especially those on the
scalp, are difficult to treat due to their high shunt flow, vascular anatomy, the need to preserve function and the associated cosmetic problems (1, 2). Complications are encountered in as much as 28% of the surgical procedures associated with their treatment (3). Percutaneous and transarterial
embolization has thus become a well established technique
in the treatment of these lesions (1, 4). Despite the growing
experience with the embolization of the intracranial vascular
malformations with OnyxTM, the experience with the use of
this material in the vascular malformations of extracranial
head and neck is limited significantly to a handful of reported patients (4), most likely due to the rarity of these lesions.
MATERIALS & METHODS
We reviewed our peripheral vascular malformation database
to identify facial high-flow vascular malformations treated
primarily by Onyx. Seven patients treated with either Onyx
alone or with Onyx and HistoacrylTM were found. Large malformations were referred for preoperative embolization,
where as smaller ones were referred for a possible endovascular cure. One patient was treated as an emergency.
RESULTS
Of the seven patients (age 7 to 53 years), trauma could be
elicited as the definite causative factor in only three cases.
The lesions were supplied principally by branches of the
internal maxillary, superficial temporal and facial arteries.
Embolizations were performed primarily via a transarterial
route, supplemented by direct puncture with Onyx or
Histoacryl injection to those compartments not accessible
with transarterial approach. In three patients, proximal
occlusion with a Hyperform balloon catheter enabled limitation of proximal reflux over the catheter and better distal
penetration. Flow control with compression or with intentional percutaneous occlusion of the drainage vein also was
utilized. All those patients who were under neuroleptic analgesia experienced considerable discomfort during injection
of Onyx or pure DMSO. There were no clinical complications or a clinical implication of acute tissue toxicity. The tip
of one Ultraflow catheter was retained and removed later

1.
2.
3.
4.

Duncan IC, et al. AJNR Am J Neuroradiol 2003;24:1453-1455
Nagasaka S, et al. Neurosurgery 1996;38:671-677
Firat M, et al. AJNR Am J Neuroradiol 2001;22:1419-1423
Gobin YP, et al. Radiology 2001;221:309-317
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Yakes, W. F.
Vascular Malformation Center
Englewood, CO
PURPOSE
To determine the efficacy of ethanol embolotherapy of
extracranial head and neck vascular malformations of all types.
MATERIALS & METHODS
One hundred and sixty-six patients (64 males, 102 females;
mean age: 38 years) presented with extracranial arteriovenous malformations (AVMs) of the head and neck area. Over
half of the patients had undergone previous failed therapies.
All patients underwent ethanol embolotherapy under general anesthesia. Forty-five patients had AVMs and 121 patients
had venous malformations (VMs).
RESULTS
Of 45 AVM patients, 26 patients are cured (mean follow up
2 ½ years); of 121 venous malformation patients, 65 are at
end-therapy. The remaining patients are not at end-therapy.
In AVM follow up, arteriography is the main modality. In
VM follow up, MR imaging is the main imaging tool. All
patients demonstrated dramatic improvement posttherapy.
Complications were 5%.
CONCLUSION
Ethanol has proven its curative potential at long-term follow up
for high-flow and low-flow lesions. Complication rates remain
low. The procedures are well tolerated by the patients.
KEY WORDS: Arteriovenous malformation, ethanol,
embolization
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CONCLUSION
HydroCoils can be used effectively and safely to treat
intracranial DAVFs transvenously. The volume expansion of
these coils may have significant advantage over bare platinum coils given the large venous spaces that need to be
filled. The use of HydroCoils may decrease the procedure
time and consequently reduce the radiation dose to the
patient.

Posters.qxp

3/9/2006

11:31 AM

Page 354

Posters

354
Poster 154

Poster 155

Endovascular Management of Delayed Cerebrovascular
Diseases after Transarterial Embolization of Direct
Carotid Cavernous Fistulas

Embolization of Cavernous Dural Arteriovenous Fistulas
Via Superior Ophthalmic Vein Approach
Suh, S. · Kim, D. · Kim, J. · Kim, D.

Luo, C.1,2 · Teng, M. M.1,2 · Chang, F.1,2 · Chang, C.1,2
1

Taipei Veterans General Hospital, Taipei, TAIWAN
REPUBLIC OF CHINA, 2National Yang-Ming University
School of Medicine, Taipei, TAIWAN REPUBLIC OF
CHINA
PURPOSE
To increase awareness and understanding of the potential
delayed cerebrovascular diseases (DCVD) after transarterial
embolization of direct carotid cavernous fistulas (DCCFs).
We present our experiences of endovascular management of
16 DCVDs occurred more than 24 hours after successful
transarterial embolization of DCCFs with morphologic cure
on immediate postembolization angiography.
MATERIALS & METHODS
Over 12-year periods, a consecutive 198 DCCFs were treated in our institute by endovascular embolization. Of these,
16 patients had symptomatic DCVDs on follow-up angiography more than 24 hours after successful transarterial
embolization of DCCFs. There were nine men and seven
women (mean: 36 years). Of these 16 DCVDs, nine had
recurrent DCCFs, six had pseudoaneurysms at the cavernous
sinus and one developed indirect carotid cavernous fistula.
The causes of DCVDs were balloon deflation and/or migration (n = 15) or balloon rupture (n = 1). The time from initial
angiographic cure to occurrence of symptomatic DCVDs
varied from 25 hours to 37 days (mean: 12 days). All
DCVDs were managed by endovascular embolization with
detachable balloon, coil, liquid adhesive, stent or combination of these embolic materials.
RESULTS
All DCVDs were occluded successfully by endovascular
embolization and had follow-up angiograms within 2 weeks
after last attempt of embolization and revealed total obliteration of the DCVDs. Delayed cerebrovascular disease-related symptoms resolved immediately or progressively within
8 months after treatment. No significant procedure-related
complication or recurrence was observed in last attempt of
embolization. Patients were followed up by clinic or angiography for an average of 16 months (range, 3 to 36 months).

Yonsei University
Seoul, REPUBLIC OF KOREA
PURPOSE
To present the results of treatment for cavernous dural arteriovenous fistulas (DAVFs) with transvenous or surgical
approach through the superior ophthalmic vein (SOV).
MATERIALS & METHODS
Ten patients (male:female = 2:8, mean age = 52 years) with
cavernous DAVFs were treated via transvenous or surgical
approach of SOV during a 4-year period. All patients had
chief complaint of proptosis, chemosis, and decreased visual acuity. Angiography showed preferential venous drainage
of DAVFs to an enlarged ipsilateral SOV. Three patients had
the surgical exposure of SOV and seven patients had the retrograde transvenous approach via facial vein. Embolizations
with coil or polyvinylalcohol were done through a microcatheter at the fistula site and into the root of the SOV and
carvernous sinus, until there was complete angiographic closure. In follow-up period, angiography or MR angiography
was performed 3 or 6 months after embolization.
RESULTS
Catheterization and embolization were successful in all
patients, with complete angiographic occlusion of the fistula. After successful occlusion of DAVFs, clinical symptoms
and signs were resolved completely and no early or late complications occurred. At follow-up ( mean 37 months), in all
except one patient embolized fistulas persisted to be occluded. All patients had no recurrent symptoms and signs.
CONCLUSION
Coil embolization of cavernous DAVFs with retrograde
transvenous or surgical approach through SOV is a safe and
effective treatment, which is not acceptable to transarterial or
other transvenous approaches.
KEY WORDS: Arteriovenous fistula, superior ophthalmic
vein, embolization
Poster 156

CONCLUSION
Most DCCFs can be occluded permanently by endovascular
treatment with angiographic and clinical cures. Symptomatic
DCVDs may occur occasionally in few patients after
endovascular embolization of DCCFs because of balloon
deflation and/or migration or balloon rupture. Endovascular
embolization by the use variable embolic materials remains
the best way to manage these symptomatic DCVDs.
KEY WORDS: Delayed cerebrovascular disease, direct
carotid cavernous fistula, embolization

Results of Transvenous Embolization of Cavernous
Dural Areteriovenous Fistula: A Single-Center
Experience with Emphasis on Complications and
Management
Kim, D. J. · Kim, D. I. · Suh, S. · Kim, J. · Lee, S. · Kim, E.
· Chung, T.
Yonsei University College of Medicine
Seoul, REPUBLIC OF KOREA
PURPOSE
To describe the results of transvenous embolization of cavernous dural arteriovenous fistulae (cDAVF).
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RESULTS
The patients included 11 males and 45 females (age: 30-73,
mean: 57 years). Retrograde inferior petrosal sinus (n = 36),
transfacial vein (n = 7), trans contralateral intercavenous
sinus (n = 4) and direct SOV puncture (n = 3) approaches
were used. Target site access through a venous route was
unsuccessful in six cases (8.9%) and transarterial embolizations were performed for these cases. Angiographic results
showed complete occlusion (n = 29), near complete occlusion (n = 13), and incomplete occlusion (n = 14).
Complications associated with the procedures were
abducens nerve palsy (n = 5), trigeminal neuralgia (n = 1),
dural perforation (n = 3) and brain stem infarction (n = 2).
The cranial nerve signs resolved with conservative treatment
in all but one patient. Dural perforations were managed by
coil embolizations at the site of the tear with no significant
neurologic sequale. One case of brain stem infarction resulted in hemiplegia after conservative treatment. The other case
of brain stem infarction showed signs of venous congestion
of the stem due to rerouting of the shunted flow after
embolization. The residual meningohypophyseal trunk feeders were occluded by covered stent deployment in the internal cerebral artery in this latter case and the patient showed
improvement of symptoms. Clinical follow-up data was
available in 46 patients. Complete resolution or improvement of symptoms were seen in 43 patients, no improvement
of symptoms in two patients, and recurred symptoms in one
patient.
CONCLUSION
Transvenous embolization of cDAVF is a relatively safe and
effective treatment method. However, awareness of the complications and its management strategies are necessary for a
safe and effective procedure.
KEY WORDS: Dural arteriovenous fistula, cavernous sinus
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Conformability of Self-Expanding Intracranial Stents to
Curved Vasculature Using Angiographic CT: In Vitro
Study
Ebrahimi, N.1 · Claus, B.2 · Lee, C.3 · Biondi, A.4 · Meyer, D.5
· Benndorf, G.6
1

University of Houston, Houston, TX, 2Humboldt University
Berlin, Berlin, GERMANY, 3Keimyung University School
of Medicine, Daegu, REPUBLIC OF KOREA, 4PitieSalpetriere Hospital, Paris VI University, Paris, FRANCE,
5
The Methodist Hospital, Houston, TX, 6Baylor College of
Medicine, Houston, TX
PURPOSE
The conformability and deployment characteristics of the
currently available self-expandable intracranial stents to
curved vasculature are not ideal. Radiographic visibility of
these stents is poor due to their small size and low radiopacity. The purpose of this study was to evaluate the conforma-

bility and deployment characteristics of currently available
self-expandable intracranial stents in a curved vessel model,
using a novel imaging modality, angiographic CT (ACT)
with a flat panel detector (FD).
MATERIALS & METHODS
The following self-expandable stents were used: Neuroform
2 (Boston Scientific), Neuroform Treo (Boston Scientific),
LEO (Balt Extrusion), Enterprise (Cordis). The stents were
bent in a polytetrafluoroethylene (PTFE) tube with varying
angles ranging from 30o to 150o. To visualize potential prolapsing of the stent struts, openings of 4, 5, and 8 mm were
created on the tubes to simulate an aneurysm neck.
Angiographic CTs were obtained using a flat panel detector
system (Axiom Artis dFC, Siemens, Medical Solution,
Germany). The postprocessing of the images was performed
on a commercially available workstation (Leonardo,
Siemens) using volume rendering (VR) and multiplanar
reconstruction (MPRs).
RESULTS
1. ACT: 3D imaging of intracranial stents using the flat panel
detector provided excellent visualization of stent mechanics
and deployment characteristics of the stents and was superior to DSA or DR (nonsubtracted DSA). It displays in detail
the stent structure and its changes while conforming to a
curved model. It further provides high quality views of the
inner stent lumen in muliplanar reconstructions, not obtainable using other imaging techniques. 2. Open cell design: it
was evident at the 0o curvature the stents showed already a
minor asymmetric deployment at the simulated aneurysm
necks. In either case of the tube openings, with increasing
diameter and angle, the cells demonstrated continuous
increase in size, as well as an outward prolapse of the struts
at the convexity of the model curve, starting at 110o. With
increasing angle an inwards prolapsing of struts at the concavity of the model curve could be documented. 3. Closed
cell design: the stents showed an increasing trend to flatten
or even kink at the concavity of the model curve, starting at
the 90o bending. The diameter of the midsection reduced
considerably within each PTFE tube as the degree of the curvature increased.
CONCLUSION
Angiographic CT proved that the conformability of open and
closed cell design stents to curved vasculature differs considerably. While open cell design stents, in principle, conform well to the model curve, they may show adverse opening of cells and prolapsing of struts into an aneurysm neck or
into the stent lumen. Closed cell design stents on the other
hand may kink or flatten depending on the degree of angle.
Both phenomena may occur during stent placement in
curved intracranial vessels harboring aneurysms and potentially complicate endovascular treatment. Angiographic CT
is superior to DSA and DR in visualizing small intracranial
stents, improving the understanding of deployment characteristics and enabling to detect adverse stent mechanics in a
curved vessel model.
KEY WORDS: Angiographic CT (ACT), stents, aneurysms
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MATERIALS & METHODS
The imaging findings and medical records of 56 consecutive
patients who were treated by transvenous embolization for
cDAVF were reviewed. The approach routes, angiographic
results, complications, and clinical outcome were assessed.
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Real-Time Endovascular MR System for Interventional
Therapy
Draper, J. N.1,2 · Sabati, M.2,1 · Lauzon, M. L.2,1 · Frayne, R.2,1
1
University of Calgary, Calgary, AB, CANADA, 2Seaman
Family MR Research Centre, Foothills Medical Centre,
Calgary, AB, CANADA

PURPOSE
Endovascular therapy describes a class of minimally invasive treatments for certain vascular diseases, including the
placement of stents to correct arterial stenosis, and the
administration of intraarterial thrombolysis for ischemic
stroke. The current clinical standard for endovascular treatment uses X-ray imaging because of its excellent spatial and
temporal resolutions that facilitate easy tracking of interventional devices within the vascular system. Magnetic resonance (MR) imaging is a better modality in terms of safety
(no iodinated contrast agent or ionizing radiation), has the
potential to provide improved imaging of surrounding tissues and monitoring of therapy, and may rival X-ray techniques provided that we can visualize reliably and track
catheters and other endovascular devices under MR guidance. Our objective is to develop a real-time system to guide
interventional endovascular procedures with MR imaging.
MATERIALS & METHODS
Catheter visualization is achieved by filling catheters with
MR contrast agent and imaging in a 3 T MR scanner
(General Electric Healthcare; Waukesha, WI) using a multicycle projection dephaser (mcPD) (1) to suppress the background tissue. For catheter tracking, we developed a realtime MR imaging platform using C++ and Tcl/Tk on a 2.2
GHz Athlon processor-equipped workstation running
Windows XP. This external workstation communicates with
the scanner over a local Ethernet connection using TCP/IP
and pipes the user interface display to an MR-compatible
monitor located next to the scanner bore (Fig a) (2).
RESULTS
We have demonstrated an increase in catheter conspicuity
using the mcPD method in computer simulations, in homogeneous and heterogeneous phantoms, and in canines (Fig
b). Our external workstation is capable of transferring and
reconstructing a 256 × 256 data set every 3 ms (2). In practice, however, the apparent image refresh period is limited by
the slower rate of data acquisition. Both linear phase encoding and variable-rate k-space sampling schemes have been
implemented and successfully used to track catheters in
phantoms and animals at apparent image refresh rates up to
7 frames/second.

CONCLUSION
We have developed a real-time endovascular MR system
capable of visualizing and tracking endovascular catheters.
This system has applications in the treatment of stroke and
other vascular diseases.
REFERENCES
1. JN Draper, et al. Improved background suppression in magnetic resonance-guided endovascular therapy. Proceedings of
51st annual meeting of COMP, Hamilton, Ontario, 2005
2. M Sabati, et al. A real-time 3D large field-of-view MRI system
with interactive table motion. Magn Reson Eng 2006:29B(1)

KEY WORDS: Catheter tracking, real-time
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Clot Removal Therapy by Aspiration and Extraction for
Acute Embolic Carotid Occlusion
Mori, T. · Imai, K. · Izumoto, H. · Kunieda, T. · Yamamoto,
S.
Shonan Kamakura General Hospital
Kamakura, JAPAN
PURPOSE
It is difficult to achieve successful recanalization of embolic
total occlusion of the carotid artery (CA), as large amounts
of clots are embedded in the CA. The purpose of our study
was to investigate the feasibility, safety, and effectiveness of
clot removal therapy (CRT) by aspiration and extraction
(CRTAE) in patients with embolic total occlusion of the
carotid artery (CA).
MATERIALS & METHODS
Inclusion criteria were patients with (1) serious or progressing neurologic symptoms, (2) no cerebral hemorrhage on CT
scans or extensive high signal intensity on MR diffusionweighted images, (3) decrease of cerebral blood flow displayed by MR perfusion-weighted images. Clot removal
therapy by aspiration and extraction was performed with
inserting a 9 Fr balloon-guide catheter to the affected CA for
temporary occlusion during procedures. Clots were aspirated
simply with a 10 ml syringe through a balloon-guide catheter
under proximal flow control and then extracted with a
microsnare if not aspirated. Neurologic and clinical outcome
was evaluated with 7-day NIHSS and 3-month modified
Rankin Scale (mRS) after CRTAE.
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RESULTS
Cerebral spinal fluid temperatures in the T6 region averaged
8.3 degrees Celsius less than the rectal temperatures and
ranged from 26.3-29.6 degrees Celsius, while the rectal temperatures remained relatively stable (36.0-37.4 degrees
Celsius). Within 20 minutes CSF temperatures equal to or
less than 31.5 degrees Celsius were achieved. No neurologic deficits were noted in the subjects at either 24 or 48 hours
postprocedure.

CONCLUSION
Clot removal therapy by aspiration and extraction may be
feasible, safe, and effective to recanalize embolic carotid
occlusion, to improve neurologic status soon, and to achieve
good clinical outcome in acute stroke patients.
KEY WORDS: Carotid occlusion, clot removal, stroke
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Localized Spinal Hypothermia via Percutaneous
Intraspinal Navigation in a Canine Model
Giles, B. P.1 · Replogle, R. E.1 · Fujimoto, T.2 · Fujimoto, H.3
· Miller, S. L.1 · Purdy, P. D.1
1

University of Texas Southwestern, Dallas, TX, 2Kobe
University, Kobe, JAPAN, 3Handa Surgical Hospital, Aioi
City, JAPAN
PURPOSE
The incidence and prevalence of spinal cord injury (SCI) in
the United States is approximately 11,000 and 250,000,
respectively. The annual health care-related costs associated
with SCI are $9.7 billion. Currently, the treatment for acute
SCI is limited primarily to steroid administration and supportive care. Prior animal studies have shown that localized
hypothermia in the setting of acute SCI is beneficial in terms
of functional outcomes. These studies required open surgical
exposure via laminectomy. In an effort to reduce the morbidity and mortality associated with surgery, we are exploring percutaneous techniques of delivering localized spinal
cord hypothermia. The current study addresses the feasibility of localized hypothermia via percutaneous intraspinal
navigation (PIN).
MATERIALS & METHODS
Three 50-65 pound mongrel dogs were obtained and brought
to our research angiography suite. After the administration of
general endotracheal anesthesia, a 5 French (F) vascular
sheath and a 6 F vascular sheath were introduced into the
lumbar subarachnoid space at the L3 and L4 levels respectively under sterile conditions. A temperature probe then was
introduced through the 5 F sheath and advanced ventral to
T6 in the subarachnoid space. A novel thin-walled catheter
was introduced through the 6 F sheath and advanced dorsal
to T6 under fluoroscopy. Chilled (2 degrees Celsius) sterile
saline was injected into the thin-walled catheter at varying
flow rates. The cerebrospinal fluid (CSF) and rectal temperatures were recorded. At the end of the procedure the animal
was allowed to recover and was observed and examined for
48 hours postprocedure.

CONCLUSION
Localized hypothermia can be achieved rapidly using a
novel catheter introduced via the PIN technique. This technique may prove useful in the acute setting of SCI. Further
studies are warranted to explore the safety and efficacy of
this technique.
KEY WORDS: Percutaneous intraspinal navigation, spinal
cord injury, hypothermia
Poster 161
Contrast-Induced Nephropathy: A Critical Review of the
Literature and Future Directions
Schofield, D. L. · Zoarski, G. H.
University of Maryland
Baltimore, MD
PURPOSE
Contrast-induced nephropathy (CIN), a serious complication
of endovascular-based procedures, is a common cause of
acute renal failure, prolonged hospitalization, morbidity and
mortality. Current literature review reveals that up to 25% of
patients undergoing interventional procedures are at risk to
develop CIN. Pathogenic theories have included direct toxic
effects on renal tubular cells, renal hypoxia, and a reduction
of renal perfusion. Recent studies have identified patients at
highest risk of developing CIN, including diabetics, the elderly, patients with a history of diminished ejection fraction or
CHF, volume depleted patients, and those with preexisting
nephropathy. The purpose of this poster is to establish an evidenced-based algorithm for the prevention of CIN.
MATERIALS & METHODS
A critical review of all recent and relevant literature.
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RESULTS
Between 2004 and 2005, nine patients underwent CRTAE
for embolic carotid occlusion. Complete recanalization was
achieved in four patients, 7-day NIHSS was improved and 3month mRS was two or less. Partial recanalization was
achieved in two patients, and no recanalization in three
patients. In nine patients, median NIHSS on admission and
seventh day was 17 and seven, respectively. Median sevenday mRS was four. Particularly in two patients, clots were
removed by aspiration only and complete recanalization was
achieved.
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RESULTS
Several techniques to reduce the incidence of contrast
nephropathy have been investigated. These included the use
of iv hydration, pre and postprocedure, the use of iv or oral
acetylcysteine and the use of iv bicarbonate solution.
Intravenous bicarbonate and saline, chiefly used as hydration
and volume expanders have been proven as effective.
Prophylaxis with intravenous or oral N-acetylcysteine trials
has shown benefit as well. No large scale, well controlled,
comparative trials to identify a single preventive agent have
been done to date. The existing scientific literature supports
an algorithm using risk stratification, weight-based contrast
dosing, hydration and peri-procedural medications. Based on
a review of all available current literature, we recommend a
combination of CIN risk stratification, where possible vigorous intravenous hydration, and iv or oral periprocedural
acetylcysteine.
CONCLUSION
We present and recommend an evidenced-based algorithm
for the prevention of CIN which should be integrated into
currently existing algorithms for the care of these patients.
Furthermore, large, well powered, controlled studies comparing oral/iv acetylcysteine and iv bicarbonate in preventing CIN would be of benefit.

seven patients died (2 from complications of cancer and 1
from head injuries sustained from trauma). During follow
up, none of the patients demonstrated rebleeding from the
pseudoaneurysms. At follow up (currently up to 8 months
postprocedure), all stents were found to be patent (in three of
four patients to date). Future follow up beyond 1 year will be
available by May 2006. In cases of trauma, where pretreatment with antiplatelet medication is not possible, therapeutically anticoagulating with heparin until antiplatelet medications could be loaded was found successful. Ultrasound was
as effective for the evaluation of stent patency as conventional angiography. CT angiography was also useful; however, it was inadequate in the evaluation of stents less than 7
mm in diameter.
CONCLUSION
Covered stents in the treatment of extracranial brachiocephalic pseudoaneuryms are a viable treatment option. In
the emergent setting, intraprocedural heparin followed by
postprocedural antiplatelet therapy may be a possible option
to maintain stent patency. In cancer patients, distal protection
may be necessary despite the lack of stenosis.
KEY WORDS: Covered stents, pseudoaneurysms, anticoagulation
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Endovascular
Treatment
of
Extracranial
Brachiocephalic Pseudoaneurysms with Covered Stents
Yi, A. C. · Palmer, E. W. · Oyoyo, U. E. · Luh, G. Y. · Smith,
D. C. · Jacobson, J. P.
Loma Linda University Medical Center
Loma Linda, CA
PURPOSE
To report our experience in treating seven patients with
pseudoaneurysms of extracranial brachiocephalic arteries
using covered stents.
MATERIALS & METHODS
From October 2004 to September 2005, self-expandable and
balloon-expandable covered stents were placed in seven
patients (6 males and 1 female with age range from 15 to 81
years) with extracranial brachiocephalic pseudoaneurysms.
All procedures but one were performed emergently. The
emergent procedures were performed with heparization first
followed by postprocedure antiplatelet therapy. One patient
was pretreated with Aspirin and Plavix for 3 days prior to the
procedure. Another patient received no anticoagulation during or after the procedure. Conventional angiography, ultrasound, and CT angiography were used for follow up to determine stent patency.
RESULTS
The covered stents were deployed successfully with exclusion of the pseudoaneurysms in all seven patients. There was
one distal embolization into the MCA following stent placement, which was recannalized with tPA. The diagnostic
angiogram on that patient demonstrated no stenosis. Distal
protection was not used in any of the cases. Three of the

Carotid Artery Stenting in Women with Internal Carotid
Artery Disease
Mayol, A. · González-García, A. · Martinez, E. · GonzálezMarcos, J. · Boza, F. · Gil-Peralta, A.
Hospital U Virgen del Rocio
Seville, SPAIN
PURPOSE
Women with internal carotid artery (ICA) disease have been
reported to have a reduced benefit from carotid endarterectomy (CE) compared with men. Hypothesis: Carotid angioplasty and stenting (CAS), mainly with cerebral protection,
may reduce the higher CE perioperative risk found in
women. We assessed the 30-day risk of CAS in women compared with men.
MATERIALS & METHODS
Six hundred and eleven patients (20 % women) with ICA
stenosis ≥ 70% (15% asymptomatic) were treated in the last
10 years and followed prospectively. Mean age was similar
in both sexes (65 years). Diabetes and hypertension were
more frequent in women (p < 0.001) and arterial peripheral
disease, tobacco (p < 0.001), and contralateral occlusion (p <
0.05) in men. Stent was used equally in men and women
(25% of the cases) and stenting and distal protection (filter)
in 52% and 42%, respectively. Thirty-day morbimortality
(TIA, minor stroke, stroke, and death) were registered.
RESULTS
Mortality was 0% in women and 0.6% in men (p = NS).
Major stroke, 0.8% and 1%; minor stroke, 0% and 1.6%, and
TIA, 1.7% and 4.1%, respectively. Major morbimortality
(minor stroke included) was 0.8% in women and 3.2% in
men. In CAS done with filter protection major morbimortality was 0% in women and 1.6% in men.
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Mechanical Embolus Removal in Cerebral Ischemia
Gil-Peralta, A. · González-García, A. · Martínez, E. ·
González-Marcos, J. · Boza, F. · Mayol, A.
Hospital U Virgen del Rocio
Seville, SPAIN
PURPOSE
Mechanical embolus removal may prolong the therapeutic
time window and allow treating acute stroke patients with
contraindications to thrombolysis. Embolectomy also should
decrease the risk of hemorrhage because no or minimal
thrombolytics were used. Hypothesis: We assessed the safety and efficacy of snare devices in patients with intracranial
occlusive acute stroke and excluded for iv rt-PA.
MATERIALS & METHODS
Patients with acute ischemic stroke (< 6 hours in the anterior circulation and < 24 hours in the posterior circulation) and
excluded for iv rt-PA were selected. Under standard interventional technique, a snare device was introduced through
the microcatheter and advanced in the clot matrix. Several
passes then were made through the thrombus to capture the
clot. Thrombolytics or rt-PA was used when needed.
Thrombolysis in myocardial infarction (TIMI grade) and
modified Rankin scale (mRS) at 3 months were used to
assess efficacy and recovery.
RESULTS
Nine patients, (7 males), and mean age of 57 years, were
treated. Median baseline NIHSS was 16 (range, 12 to 25).
Occluded arteries included the middle cerebral artery (MCA)
in 4, basilar artery (BA) in 4, and both anterior (ACA) and
MCA in 1 case. Failure to open the lumen occurred in three
patients: 1 BA, 1 MCA excessively elongated, and 1 MCA
opened with thrombolytics. Successful recanalization TIMI
2 to 3 was achieved in six patients (60%), (2 MCA, 3 BA and
1 ACA-ACM). Mean time for recanalization was 61.6 minutes (range, 50 to 75). Two patients died in the 30-day follow-up period (1 symptomatic intracranial hemorrhage after
using 10 mg of rt-PA) and were none related to the study
device. At 3 months, mRS was =1 in 2 patients (33.3%), and
4 in 2 (33.3%).
CONCLUSION
The use of microsnare for mechanical embolectomy in
patients with acute ischemic stroke seems safe, with a good
recanalization rate. Further studies are required to determine
the efficacy and the therapeutic role of mechanical devices.
KEY WORDS: Acute stroke
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Diffusion-Weighted
Imaging
Neurointerventional Procedures

Monitoring

of

Schuster, L. · Grond, M. · Reul, J.
Klinikum Siegen
Siegen, GERMANY
PURPOSE
After diagnostic digital subtraction angiography (DSA), diffusion-weighted imaging (DWI) changes in control MR
images are found with a frequency of up to 20% without
clinical correlates. There are no clear data about the number
and clinical importance of DWI changes found after neurointerventional treatment.
MATERIALS & METHODS
We evaluated the frequency and clinical significance of DWI
changes for different vascular neurointerventional procedures during a 2-year period. Diffusion-weighted imaging
was made 24 hours before and in between 48 hours after the
procedure. The neurologic status was documented independently by a neurologist before and after the intervention. Data
were collected in a database and the images were analyzed
with regard to DWI changes in the DWI images with b-value
of 1000 and the ADC maps on a standard 1.5 T imager.
Number, size and location of DWI lesions were documented.
The image analysis was done separately by two experienced
and trained neuroradiologists. Lesions in the dependent territory of the treated artery were collected and analyzed separately. Additionally, a FLAIR sequence was performed and
analyzed.
RESULTS
A total of 500 patients could be included. Two hundred and
thirty-four patients underwent carotid stenting. One hundred
and forty-six patients underwent aneurysm coiling. Thirtyseven patients had intracranial stenting for arteriosclerotic
stenoses. The remaining underwent different types of intervention (AVM embolization, intracranial angioplasty, DAVF
embolization). Out of all, 85% were examined completely
pre and postinterventionally with MR imaging. Our data
suggest a different frequency of DWI lesions, comparing
dependent from independent vascular territories. Diffusionweighted imaging lesions after extracranial stenting were
more frequent than for intracranial prodedures (stents/coils).
Remodeling treatment of aneurysms is associated with a
higher rate of DWI lesions than standard coiling. The
detailed data will be presented and discussed with regard to
the clinical findings.
CONCLUSION
Diffusion-weighted imaging lesions after neurointerventional procedures provide good information about the safety of
the procedure; however, in most cases it is without clinical
correlate and without a correlate on morphological FLAIR
images, suggesting that it may be a transient finding in a very
sensitive imaging tool.
KEY WORDS: Diffusion-weighted imaging, stroke, neurointervention
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CONCLUSION
Contrary to CE, CAS mainly when done with distal protection has lower morbimortality in women than in men. Should
this data be confirmed in ongoing trials (CREST and ICST)
CAS would be the best alternative to CE in the treatment of
women with severe ICA stenosis.
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Endovascular Embolization of Middle Cerebral Artery
Aneurysms: A Retrospective Database Analysis
Akkawi, N. · Wakhloo, A. · Linfante, I.
University of Massachusetts Medical School
Worcester, MA
PURPOSE
Middle cerebral artery (MCA) bifurcation is a common site
for aneurysmal formation, representing 26% to 34% of all
intracranial aneurysms. Because of favorable access, microsurgical clipping is considered the treatment of choice.
Endovascular embolization has not been performed traditionally in such aneurysms because often a large section of
the M1 and/or M2 segments are part of the lesion. As a
result, complete and durable obliteration of the aneurysmal
sac by coil embolization may be challenging. Advancement
in endovascular embolization such as new coil technology,
balloon and/or stent remodeling may overcome such limitation. Therefore, we reviewed our experience in endovascular
treatment of ruptured and unruptured middle cerebral artery
aneurysms (MCAAs).
MATERIALS & METHODS
We performed a single center, retrospective, database analysis of patients with ruptured or unruptured MCAAs treated
with endovascular embolization from April 1998 to
September 2005. Criteria that would favor an endovascular
approach were age (> 50 years old), presence of vasospasm,
operator preference and/or availability. Medical histories,
procedural reports, and clinical outcomes were recorded in a
prospective database maintained for quality assurance purposes by the Interventional Neuroradiology Service. As clinical evaluation, the modified Rankin scale (mRS) was performed at 24 hours, 1 month, and 1 year. Angiographic follow up was performed at 6 months up to 5 years.
RESULTS
In the database analysis we found 35 consecutive patients
(age range 40-81 years; 27 females) who were treated for 37
MCAAs (14 left and 23 right, size 7.9 + 4.6 mm; neck 3.87
+ 1.5 mm, 13 ruptured). Classifying the aneurysms according to maximum diameter, 12 were < 5 mm, 20 were > 5 mm
but < 10 mm and 5 were > 10 mm). Thirteen aneurysms were
present on M1 segment, two were on the inferior M2 segment and one was on the M3 segment. Satisfactory
embolization of the aneurysm was achieved in all but two. In
eight patients (21.6%) we used balloon-remodeling technique and in one patient we used stent-assisted coil
embolization. At the 30 days clinical evaluation, eight
patients had procedure-related complications. Of those, mild
permanent neurologic deficits were present in two. Adverse
events not related to the procedure (i.e., vasospasm)
occurred in five patients with ruptured aneurysms requiring
angioplasty in three. The duration of the clinical follow up
ranged from 1 month to 5 years. No rebleeding occurred during the follow-up period. All patients had minimal or no disability at follow-up evaluation (mRS ≤1); 30 had mRS 0; and
five had mRS = 1. Angiographic follow-up studies were
achieved in 15 patients. Fifteen aneurysms had a 6-month
follow-up examination, 10 had a 12-month follow up and
seven completed the 18-month follow-up evaluation. Two

patients had 5 years angiographic follow up. Coil compaction and partial recanalization of the neck was found only
in one case at 18-month follow-up angiography.
CONCLUSION
In our cohort, endovascular emobolization of ruptured and
unruptured MCAAs lead to good clinical outcomes and low
recanalization rates. Clinical trials with long-term follow up
are needed to assess whether endovascular embolization is a
safe and durable option in treatment of MCAAs.
KEY WORDS: Aneurysm, middle cerebral artery, subarachnoid hemorrhage
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Value of Angiographic Computed Tomography for StentAssisted Coiling of Wide-Neck Aneurysms Using
Neuroform 2 Stents
Benndorf, G.1 · Strother, C.2 · Ebrahimi, N.3 · Lamus, D.2 ·
Klucznik, R.2
1

Baylor College of Medicine, Houston, TX, 2The Methodist
Hospital, Houston, TX, 3University of Houston, Houston,
TX
PURPOSE
The radiographic visibility of intracranial Nitinol stents is
poor due to their small size and low radiopacity, compromising their visual control during endovascular treatment.
The purpose of this study was to evaluate the role of angiographic computed tomography (ACT) for assessing the conformability of the Neuroform2 stent during treatment of
wide-neck aneurysms in comparison to digital subtraction
angiography (DSA) and digital radiography (DR).
MATERIALS & METHODS
Six patients with nonruptured wide neck intracranial
aneurysms underwent placement of a self-expandable
Nitinol stent (5 Neuroform2 Stent™, 1 Neuroform2 Treo
Stent™, Boston Scientific) in curved intracranial vascular
segments (BA/P1, carotid siphon). Angiographic computed
tomographies were obtained using a flat detector (FD) angiographic system (Axiom Artis dBA, Siemens Medical,
Erlangen) and the following parameters: 20 sec, 538 projections, 0.4° increment, 512 x 512 matrix, 538 projections,
220° total angle. Image postprocessing was performed using
volume rendering (VR) and multiplanar reconstructions
(MPRs) on commercially available workstation (LeonardoX,
Dyna-CT).
RESULTS
In all cases, radiographic visibility of stent markers and
struts was superior using ACT, compared to DSA and DR.
Degree of deployment of the stents could be assessed using
orthogonal projections (“down the barrel” views) based on
MPRs and was possible even in curved vessel segments. The
configuration of the stent markers in orthogonal views of
regularly and fully deloyed stents was observed to create a
“Regular Four” figure. Cases creating a figure of an
“Irregular Four," indicated an underdeployment of stent, not
identifiable on DSA or DR images. In patients with a basilar
tip aneurysm, cell opening and strut prolapsing at the center
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of the stent was observed. In one case of Y-stenting of a basilar tip aneurysm strut prolapsing into the aneurysm neck, not
identifiable on DSA/DR, was detected.

KEY WORDS: Angiographic CT (ACT), aneurysms, neuroform sent
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Bone Formation in Elastase-Induced Rabbit Aneurysms
Embolized with Platinum Coils: Report of Two Cases
Dai, D. · Ding, Y. H. · Lewis, D. A. · Cloft, H. J. · Kallmes, D. F.
Mayo Clinic
Rochester, MN
PURPOSE
The primary tissue response to platinum coils in aneurysms
includes thrombosis and deposition of loose or dense connective tissue. Using an aneurysm model, we herein present
two rare cases of aneurysms which had unexpected bone tissue formation within aneurysms following platinum coils
embolization.
MATERIALS & METHODS
Elastase-induced aneurysms were created and embolized
with platinum coils in New Zealand White rabbits. Subject 1,
the aneurysm was harvested at 3 months following
embolization. Subject 2, the aneurysm was harvested 12
months following embolization. The aneurysm tissues were
embedded in paraffin and sectioned at 1000 µ. Coil segments
within the tissue were carefully removed under a dissection
microscope. Tissue was reembedded in paraffin, sectioned at
5-6 µ, and stained with H&E, Masson Trichrome and
Immunofluorescence.
RESULTS
Subject 1: Light microscopy displayed the aneurysm dome
was filled primarily with hypocellular loose connective tissue. Localized irregular dense connective in the central of
dome, as well as along the neck was present, which contained densely packed collagen fibers. Near the neck area,
several bony trabeculae were observed. Thin layer of flatten
cells lined the bone trabeculae. Ovoid osteocytes in the cavelike lacunae were trapped within the bone matrix. Marrow
cavity, surrounded by the bone trabeculae, also was present,
in which was loose reticular connective tissue containing different type of blood cells, thin-walled vessels, stromal cells,
and conspicuous adipose cells. Dense connective tissue
peripherally surrounding the bone trabeculae was in continuity with the periosteum and the marrow cavity. Subject 2:
Light microscopy demonstrated that two thirds of the
aneurysm dome was filled with loose connective tissue.

CONCLUSION
Mechanical tension-stress from the coiling may have
induced the over-expression of genes related to bone and
bone matrix metabolism and other growth factors.
Unexpected bone formation within aneurysm following coil
embolization might represent better healing and reduced
chances for recanalization. Improved understanding of this
mechanism may speed coil development.
KEY WORDS: Aneurysm, coil embolization, histology
Poster 169
Comparing the Accuracy of Digital Subtraction
Angiography, CT Angiography and MR Angiography for
Estimating the Volume of Cerebral Aneurysms
Hanley, M. · Evans, A.
University of Virginia
Charlottesville, VA
PURPOSE
The purpose of this study was to determine the accuracy of
digital subtraction angiography (DSA), CT angiography
(CTA) and MR angiography (MRA) in estimating the volume of an in vitro cerebral aneurysm model.
MATERIALS & METHODS
Seven silicone phantoms of cerebral aneurysms were chosen
representing slight variations in geometric shape and size.
The phantoms were created using a wax mold of angiographic images by MicroVention Inc. (Aliso Viejo, CA). The
volume of each phantom was measured by weighing the
amount of water required to fill the aneurysm to the parent
artery. The phantoms were connected in series to a pulsatile
flow pump running at 60 bpm with a cardiac output of
approximately 60 mL per minute, corresponding to a stroke
volume of 1 mL. The phantoms were imaged with DSA,
CTA, and MRA. The images were analyzed on a dedicated
workstation. Volume was calculated using the formula for a
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CONCLUSION
Angiographic computed tomography is superior in the
assessment of orientation and deployment characteristics of
self-expandable intracranial stents as compared to DSA or
DR. It improves the understanding of stent mechanics in
intracranial vessels and helps detecting adverse stent performance when used in curved vasculature or for treatment
of wide-necked aneurysms. It thereby increases safety and
efficacy of intracranial stenting for parent artery reconstruction in the treatment of wide-neck intracranial aneurysms.

Vascular, dense irregular connective, containing diffuse collagen deposition, occupied one third of the dome. Numerous,
metabolically active myofibroblasts were embedded within
the collagen matrix. Localized bony trabeculae were present
within the aneurysm dome. Bony trabeculae were lined and
covered with thin layer of osteoprogenitor cells. Ovoid
osteocytes were embedded within the bone matrix. One central canal was present within the bone matrix. Marrow cavity between bone trabeculae also was present, which contained different types of blood cells and blood sinusoids.
Dense connective tissue containing abundant collagen fibers
peripherally surrounded the bony trabeculae.
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ellipsoid with V = (π[diameter]2[height])/6. The measured
volumes then were compared to the calculated volumes from
DSA, CTA, and MRA by percentage of absolute variance.
RESULTS
Model

Measured

CTA

%CTA

Volume

Volume

Variance Volume

(mL)

(mL)

(mL)

(mL)

(mL)

(mL)

(mL)

1

0.039 ± 0.004

0.053

34.0

0.044

13.5

0.023

42.4

2

0.139 ± 0.003

0.177

27.4

0.188

35.0

0.127

8.89

3

0.266 ± 0.002

0.307

15.5

0.282

6.21

0.163

38.6

4

0.304 ± 0.009

0.307

1.15

0.318

4.74

0.241

20.7

5

0.287 ± 0.003

0.294

2.56

0.384

33.9

0.250

12.9

6

0.451 ± 0.002

0.493

9.39

0.389

13.7

0.412

8.71

7

0.525 ± 0.001

0.558

6.29

0.564

7.29

0.627

19.4

Average % Variance

13.8

MRA

%MRA DSA %DSA
Variance Volume Variance

16.3

RESULTS
In our series, the best treatment strategy was conditioned to
3D DSA information. We found focal defect in 65% and segmental defect in 35% of the aneurysms. In the first group we
suggested a filling technique and for segmental defect reconstructive technique with stent placement and then coils if
necessary.
CONCLUSION
The angiography concept of focal and segmental defect by
3D DSA constitutes a principle that may help to choose the
best treatment for each particular patient.
KEY WORDS: Aneurysms, focal and segmental, endovascular treatment

21.6

CONCLUSION
The volumes of the phantoms were measured with excellent
reproducibility. Volume calculated by CTA resulted in the
least variance of 13.8% followed by MRA at 16.3%, and
DSA at 21.6%.

Poster 171

KEY WORDS: Aneurysm, volume, imaging

Moftakhar, R. · Niemann, D. B. · Aagaard-Kienitz, B. · Turk,
A. S.

Poster 170
Focal and Segmental Defects of the Brain Arteries: A
New Perspective from an Old Problem
Lylyk, P.1 · Ruefenacht, D.2 · Ohta, M.2 · Ferrario, A.1 ·
Miranda, J.1 · Lundquist, J.1
1
ENERI, Buenos Aires, ARGENTINA, 2HUG University,
Geneva, SWITZERLAND

PURPOSE
Traditionally the parameters used to determine endovascular
feasibility of aneurysm treatment has been based on 2D DSA
parameters like neck size, dome/neck ratio, and aneurysm
size. Since new technologies and endovascular devices are
available an increase number of aneurysms are now able to
be treated. In this retrospective study the authors present a
series of aneurysms treated with endovascular technique
according to a classification based on the vessel wall defect.
MATERIALS & METHODS
A total of 350 intracranial aneurysms underwent both standard DSA and 3D DSA previous to the endovascular treatment. Digital subtraction angiography was performed in
orthogonal projections. Three-dimensional DSA was performed with a 180°- 220° rotation of the C-arm. The
neck/parent vessel ratio was evaluated. Two distinct patterns
of vessel damage were documented: A focal defect of a cerebral arterial wall: a damage to the arterial wall that involves
less than a quarter of the length of vessel circumference and
extends along the vessel but no more than the same distance
(saccular aneurysm with small neck); and segmental defect,
a damage to the arterial wall that involves more than a quarter of the length of vessel circumference and extends along
the vessel more than the same distance (large-necked saccular aneurysm, fusiform, multiple tandem, dissecting, dysplastic and blister-like aneurysm).

Endovascular Treatment of a Mid-Basilar Artery
Fusiform Aneurysm by Dominant Vertebral Artery
Occlusion in a Child

University of Wisconsin Hospital and Clinics
Madison, WI
PURPOSE
Surgical treatment of fusiform mid-basilar artery aneurysms
are challenging. With the emergence of new endovascular
tools and techniques, the possibility of treating these lesions
with lower morbidity and mortality has become possible. In
this case report, we describe the complete obliteration of a
fusiform mid-basilar artery aneurysm in a child by occlusion
of the more dominant vertebral artery.
MATERIALS & METHODS
A 9-year-old boy presented with 4-day history of headache,
emesis, slurred speech, mild right-sided hemiparesis, and
ataxia. A noncontrasted head CT demonstrated an approximately 3 cm mass displacing the pons. Subsequent MR
imaging/MR angiography demonstrated a giant partially
thrombosed mid-basilar fusiform aneurysm. Diffusionweighted images showed restricted diffusion in the central
pons consistent with acute ischemia. Cerebral angiogram
showed an approximately 2.5 cm mid-basilar fusiform
aneurysm which was partially thrombosed. The right vertebral artery was more dominant than the left. In addition,
there were two prominent posterior communicating arteries.
RESULTS
The right vertebral artery was catheterized and coils were
deployed in the right vertebral artery leading to complete
occlusion at the level of C2. Subsequent MR imaging/MR
angiography and cerebral angiogram 6 weeks from the time
of treatment demonstrated complete occlusion of the midbasilar artery aneurysm and the mid-basilar artery. The proximal basilar filled through anterior inferior cerebellar arteries
from the left vertebral, and the top of the basilar filled
through posterior communicating arteries. At 3 months follow up the patient had recovered completely from his initial
symptoms and was neurologically normal.
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CONCLUSION
Giant fusiform mid-basilar artery aneurysms can be treated
by several endovascular techniques. Reduction of flow alone
to the aneurysm can lead to complete thrombosis and might
be an alternative to primary coiling the aneurysm.

Poster 173

KEY WORDS: Aneurysm, basilar, endovascular

University of Massachusetts Medical School
Worcester, MA

Poster 172

PURPOSE
The coexistence of two or more spinal arteriovenous malformations (AVMs) in the same patient has been reported only
in one case in literature. Neuroradiologists may stop injecting additional arteries once they have discovered an AVM.
The knowledge of a possible concurrent AVM should prompt
to investigate all intersegmental arteries from the craniocervical junction to the sacrum, including injection of the iliac
arteries. We present a patient with a rapidly progressive paraparesis due to a spinal-dural AVM located at the conus
medullaris region and supplied by branches of the internal
iliac artery. The patient was treated initially for another
intramedullary AVM discovered at the thoracic level but
without any improvement of his neurologic state.

Musacchio, M. J. · Reeder, P. · Wells, K. R. · Lopes, D. K.
Rush University Medical Center
Chicago, IL
PURPOSE
The endovascular treatment of intracranial aneurysms continues to evolve as more products and wider physician experience broadens the spectrum of aneurysms suitable for
endovascular therapy. The development of flexible remodeling vascular devices (RVDs) allows for endoluminal reconstruction. Aneurysms arising from the anterior communicating complex typically require vessel reconstruction. We
report our experience with endovascular reconstruction of
this anterior communicating complex using RVDs.
MATERIALS & METHODS
We report the feasibility of using RVDs alone or in conjunction with coils for the treatment of ACA aneurysms. The
RVD used in this series of patients was the Neuroform™
stent from Boston Scientific Corp. This report describes our
experience with 10 patients who underwent endovascular
RVD placement for anterior communicating complex
aneurysms. The average age of these seven males and three
females was 54 years (range: 40 to 66 years). All but one of
the aneurysms in this population was unruptured.
RESULTS
Nine patients in this study received RVDs and coils as their
endovascular therapy for securing of an anterior communicating complex aneurysm, while one patient received overlapping RVDs alone. Fifty percent of the patients had confirmed aneurysm occlusion on follow up. Mean follow up
for these patients was 7 months. The remaining patients will
have had their follow up by presentation time. There were no
technical or clinical complications encountered in these
patients.
CONCLUSION
The development of RVDs has increased the spectrum of
aneurysms that may be safely treated endovascularly.
Anterior communicating complex aneurysms that previously demanded open surgery are now amenable to endovascular repair.
KEY WORDS: Remodeling vascular device, aneurysm, coiling

Akkawi, N. · Linfante, I. · Weaver, J. · Wakhloo, A.

MATERIALS & METHODS
A 35-year-old male presented with low back pain radiating
into his left groin and medial thigh. As pain worsened, the
patient developed left foot drop and urinary hesitancy with
retention over 2 weeks. Spinal MR imaging revealed an
AVM at T10-L2 levels. Embolization of the lesion in an outside facility resulted in anterior spinal artery (ASA) rupture.
The artery then was occluded with liquid embolic agent. The
inadvertent occlusion of the ASA did not result in worsening
of the patient’s clinical status. Subsequently, the patient
underwent obliteration of the residual malformation with traditional surgery. Over the next 4 months his symptoms progressed to an ascending paraparesis with urinary retention.
His neurologic examination was consistent with Cauda
Equina syndrome. Superselective catheterization of the
intercostal arteries, showed a spinal cord AVM predominately on the anterior surface of the spinal cord supplied through
T11 and T10 on the right side and T9 on the left side.
Angiograms of the left internal iliac artery revealed mainly
the left lateral sacral artery supplying the nidus of the dural
AVM. The venous drainage was via a large ascending perimedullary vein. Embolization of the sacral AVM with Nbutyl 2-cyanoacrylate (NBCA) was performed with significant improvement in his symptoms.
RESULTS
This case illustrates the possibility for the coexistence of two
or multiple spinal AVMs in a single patient. Their concurrence raises unanswered questions about their classification
and pathogenesis.
CONCLUSION
Concerns regarding the accuracy of the lesion’s diagnosis
and the possibility of an associated malformation should be
raised, especially if the patient’s clinical status does not
improve or deteriorates despite treatment.
KEY WORDS: Arteriovenous malformation, spine, diagnosis
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Transvenous Treatment of Carotid Cavernous Fistula
Utilizing a Combination of Detachable Coils and Onyx
Suzuki, S. · Lee, D. W. · Jahan, R. · Duckwiler, G. R. ·
Viñuela, F.
University of California Los Angeles
Los Angeles, CA

CONCLUSION
The four patients with CCFs were treated successfully by
combined embolization with Onyx and detachable coils.
This new, nonadhesive liquid embolic agent provides excellent penetration into the complex and flow patterns often
seen in CCFs. Slow and controlled endovascular delivery of
Onyx, using DMSO-compatible devices, is key to avoid
complications and improve anatomical and clinical outcomes.

PURPOSE
Onyx (Micro Therapeutics, Inc., Irvine, CA) is a nonadhesive liquid embolic agent. After the FDA approved the Onyx
for presurgical embolization of brain AVM, expectations
have risen regarding the breadth of its clinical applications.
We present a successful utilization of Onyx in the occlusion
of carotid-cavernous fistulae (CCF).

KEY WORDS: Carotid-cavernous fistula, embolization, Onyx

MATERIALS & METHODS
Four consecutive patients with CCF, treated with transvenous endovascular technique between August 2005 to
October 2005, were included as study subjects. Pre and postprocedure neuroophthalmologic examinations also were performed. The first case showed posttraumatic high-flow
direct CCF (type A) and a pseudo aneurysm of the cavernous
ICA. The right ophthalmoplegia and V1 territory sensory
impairment were seen on the ipsilateral side. The direct CCF
was treated with coil embolization followed by Onyx 34
injection into the cavernous sinus via inferior petrosal sinus
(IPS) approach. The stent-assisted coil embolization was
applied to treat the pseudo aneurysm. The second patient
developed progressing chemosis, IIIrd and VIth cranial
nerve palsy, and glaucoma with visual impairment due to
spontaneous dural CCF (type B). Abnormal venous
drainages were noted in the cavernous sinus, extending into
the IPS, and the superior ophthalmic vein (SOV). The fistula site was catheterized through the transfemoral/trans-IPS
approach. Following the coil embolization, a total volume of
2.5 ml Onyx 34 was injected into the cavernous fistula over
46 minutes to achieve complete occlusion of the fistula. The
third and fourth patients were type D spontaneous dural
CCFs with progressing chemosis and double vision. In both
cases,
the
IPSs
were
occluded.
Therefore,
transfemoral/transfacial venous approach was chosen to
access to the SOV and cavernous sinus. Multiaxial support
system with guiding catheter and vascular sheath was utilized for catheterization of the serpiginous veins. Onyx 34
was injected slowly into the fistula sites following coil
embolization. In each treatment, when we observed the
reflux, we held the injection 30 seconds to 2 minutes to
solidify the Onyx, then restarted the injection (Reflux-HoldReinjection technique).

Buciuc, R.

RESULTS
All four cases demonstrated complete occlusion of the CCFs
with single session of procedure. The deployment of detachable coils prior to the Onyx injection slowed the flow
through the fistula and provided a secure framework for the
Onyx cast. The postprocedure neuroophthalmologic examination demonstrated marked clinical improvements in all
cases.
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Interventional MR Imaging-Guided Spine Biopsies:
One-Year Experience

University of Mississippi
Jackson, MS
PURPOSE
To illustrate the feasibility, safety, and yield of interventional MR imaging-guided spine biopsies through a preliminary
1-year experience in a single center.
MATERIALS & METHODS
A review of 21 spine biopsies done in the interventional MR
imaging suite at University of Mississippi in the interval
September 2004-October 2005 was performed. Technical
details will be included in the presentation. The prebiopsy
sequences, interventional corridors, target positioning of the
biopsy instrument, number and size of specimens, pathology
results as well as clinical notes and reason for biopsy were
correlated for each case. In 2 cases a negative pathology
result was obtained, the initial radiologic examination was
reevaluated retrospectively by a neutral examiner (who did
not have knowledge of the case). The results were examined
retrospectively from a technical perspective in order to
assess factors that may have contributed to an increased
yield for a positive result.
RESULTS
Twenty-one patients underwent an interventional MR imaging-guided biopsy of the spine during the interval of
September 2004-October 2005. The results are presented in
the table. There were no neurologic, hemorrhagic, or infectious complications related to the procedure. In all patients
the target lesion could be reached by MR imaging and guidance. In two cases the diagnosis could not be reached by
biopsy and further confirmed by direct surgical approach.
The biopsy yield from this series is 90.47%. The false negative rate was 9.52%.
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Case No.

6
7
8
9

L3
L5
T2
T9

10
11

L5-S1
T12

12

T11

13

T3

14

L1-L2 disk

15
16

T11
L1-L2 Disk

17

L1-L2 Disk

18
19
20
21

L4
T12
T9
L3

Presumptive
Diagnosis
Tumor
Tumor
Tumor
Diskitis
Diskitis

Pathologic
Diagnosis
Plasmocytoma
Poorly dif. carcinoma
Negative
Inflamatory changes in the disk
Inflamatory changes in the
disk(negative cultures)
Tumor
Breast carcinoma
Tumor
Lung metastasis
Tumor
Lymphoma
Osteoporotic fracture No tumor
vs pathological fracture
Diskitis
Degenerative changes of the disk
Osteoporotic fracture No tumor
vs pathologic fracture
Osteoporotic fracture No tumor
vs pathologic fracture
Tumor (known
No tumor
thyroid carcinoma)
Diskitis
Inflamatory changes of disk
material
Tumor
Plasmocytoma
Diskitis
Inflamatory changes (negative
cultures)
Diskitis
Inflamatory changes (negative
cultures)
Tumor
Breast metastasis
Infection
Osteomyelitis
Tumor
Breast metastasis
Infection
Tuberculosis

CONCLUSION
MR imaging-guided biopsies of the spine can be done safely and reliably. The advantages of MR imaging use over the
CT or fluoroscopy are: lack of radiation, superior identification of target and structures to be avoided, usage of larger
instruments for better sampling, multiplanar imaging for better trackability of biopsy instruments. Disadvantages include
prohibitive costs related to the technology (including special
instrumentation and anesthesia equipment) and a longer initial operative time related to mainly the learning curve.
KEY WORDS: Interventional MR imaging, spine, biopsy
Poster 176

system) and AXIOM Artis dBA (flat detector) Bi-plane neuroangiographic systems (Siemens Medical Solution,
Germany). The volumetric data set was reconstructed immediately on the 3D workstation in the OR. We compared Dyna
CT images with multidetector CT (MD CT).
RESULTS
On the latest Dyna CT system, subarachnoid hemorrhage
was clearly visible, although small hematoma or thin subarachnoid hemorrhage was difficult to detect with prototype
system. Enhanced tumor, which was detected by conventional CT, was visualized equal to those of MD CT. Calcified
tumor, calcified carotid artery, and a brain abcess was detected. This system was also very effective when aneurysm perforation occurred during coil embolization. One limitation
was ring artifact; however it can be improved by using flat
panel detector system.

CONCLUSION
Dyna CT might be a powerful tool for endovascular neurosurgery and will open many possibilities for the management
of neurointervention.
KEY WORDS: Cone beam CT, endovascular neurosurgery,
flat panel detector

Dyna CT, Soft Tissue Visualization in Endovascular
Neurosurgery: Preliminary Clinical 100 Cases
Poster 177
Irie, K. · Murayama, Y. · Saguchi, T. · Ishibashi, T. · Ebara,
M. · Takao, H. · Abe, T.
Jikei University School of Medicine
Tokyo, JAPAN
PURPOSE
Dyna CT is a CT-like image that can be obtained by using Carm unit (image intensifier or flat panel detector). Dyna CT
adopts cone beam 3D CT technology. The system reconstructs 3D images being made from 2D projection images
during a rotation of the X-ray source, which radiates cone
beam and detector around the patient. The purpose of this
study is to evaluate a clinical efficacy of Dyna CT in
endovascular operating room.
MATERIALS & METHODS
Dyna CT were performed in 100 patients undergoing cerebral/cervical interventional procedures at endovascular OR.
The imaging systems are AXIOM Artis BA (Conventional I.I

Internal Carotid Artery Stenting in Patients Over 80
Years of Age: A Restrospective Database Analysis
Linfante, I.1 · Akkawi, N.1 · Andreone, V.2 · Wakhloo, A.1
1

University of Massachusetts Medical School, Worcester,
MA, 2Cardarelli Hospital, Napoli, ITALY

PURPOSE
Stroke is the second cause of death by the age of 85 years.
Thirty to 60% of strokes in this age group are secondary to
carotid bifurcation disease. However, age > 80 years old is
one of the exclusion criteria for carotid endarterectomy
(CEA) according to NASCET. Carotid angioplasty and
stenting (CAS) has been used increasingly as an alternative
to CEA in high-risk surgical patients. Few reports have
shown that in addition to CEA, CAS also may be associated
with increased peri-procedural complications in this age
group. Therefore, we reviewed our single-center experience
of CAS in this patient population.
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MATERIALS & METHODS
This is a single center, retrospective database analysis evaluating CAS in patients > 80 years old who were NASCETineligible for CEA because of age and other NASCET exclusion criteria. Neurologic evaluation was obtained preprocedure, 24 hours, 30 days, 6 months and 1 year postprocedure
as part of a general CAS protocol. Distal protection was used
when possible. Primary outcome included death, MI, or ipsilateral stroke. Secondary outcome included restenosis (>
50% ICA diameter) at 30 days, 6 months and 1 year postprocedure by ultrasound.
RESULTS
Between 3/2001 and 3/2004 CAS was performed in 24 consecutive patients > 80 years old. Mean age was 82 years (+
3.08 SD range 80-91) 16 men, 70.8% had symptomatic ICA
stenosis. Severe coronary artery disease was present in
41.6%. Mean degree of stenosis pre CAS was 82%.
Procedural success rate was 100% with residual stenosis of
< 20%. Six patients (25%) experienced significant bradycardia and hypotension with balloon inflation. Two patients
with contralateral ICA occlusions had TIA during angioplasty that immediately reversed after balloon deflation. At the
30-day follow up there was one non-Q wave MI (4.2%), one
TIA, and one femoral occlusion in the symptomatic group.
There were no deaths at the 6-month and 1-year follow-up
evaluation. There was no ICA restenosis at 1-year follow-up
ultrasound evaluation.

RESULTS
During last 2 years (from November 2003 to October 2005),
514 endovascular procedures including both endovascular
surgery, conventional open surgery and presurgical cerebral/spinal angiography with/without subsequent surgical
procedures have been performed in Endovascular OR. In
these procedures, 11 cases were need for both endovascular
procedure and open craniotomy surgery. In these 11 cases,
10 were cerebrovascular surgeries, and one was spine surgery. In cerebrovascular surgery, five cases were AVM or
dural AVF, five cases were intracranial aneurysms (four were
ruptured aneurysms and one was unruptured aneurysm).
Eight cases were performed direct surgeries subsequently
after endovascular surgery (i.e., hematoma evacuation after
coil embolization, AVM removal after nidus obliteration
with NBCA). Three cases initially were performed open
craniotomy surgery (i.e., embolization after bypass surgery).

CONCLUSION
Carotid angioplasty and stenting can be performed safely in
patients > 80 years old with ICA stenosis. Controlled trials
are needed to confirm these findings.
KEY WORDS: Carotid, stenting, elderly
Poster 178

CONCLUSION
Newly designed Endovascular OR provides safe and systemic treatment for the neurovascular diseases.

Combined Surgery in Endovascular Operating Room

KEY WORDS: Operative suite, cerebrovascular disease, digital subtraction angiography

Murayama, Y. · Ishibashi, T. · Saguchi, T. · Ebara, M. · Irie,
K. · Takao, H. · Onoue, H. · Ikeuchi, S. · Ogawa, T. · Abe, T.
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Jikei University School of Medicine
Tokyo, JAPAN
PURPOSE
The purpose of this study is to evaluate experience of combined surgery in endovascular neurosurgery suite
(Endovascular OR) in the surgical operating room that offers
integrated neurosurgical and radiologic capabilities.
MATERIALS & METHODS
Specially designed bi-plane digital subtraction angiography
(DSA) system has been installed in the neurosurgery operating room. The new suite, which has 3D DSA with C-arm CT
imaging and microsurgery capabilities, allows neurosurgeons to perform a wide array of neurosurgical and endovascular procedures. In addition to conventional 2D and 3D
angiography imaging, newly developed imaging system,
“Soft tissue visualization” also was installed. This advanced
application provides bone and soft tissue images using the
DSA C-arm system. Therefore postprocedural 3D CT images
can be obtained by DSA C-arm in the operating room without moving patient.

Emergency Carotid Artery Stenting for Total or Near
Occlusion with or without Proximal Flow Control in
Acute Stroke Stage
Mori, T. · Imai, K. · Izumoto, H. · Kunieda, T. · Yamamoto,
S.
Shonan Kamakura General Hospital
Kamakura, JAPAN
PURPOSE
It remains controversial whether or not emergency carotid
artery stenting (CAS) for carotid total or near occlusion with
thrombi in acute stroke stage can be performed safely and
improve clinical outcome, because more thrombi is there in
the affected carotid artery, a higher risk of distal migration is
expected. The purpose of our study was to investigate and
compare retrospectively the feasibility, safety, and effectiveness of emergency CAS with or without proximal flow control (PFC).
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RESULTS
Fifteen hundred and fifty patients suffering acute ischemic
stroke were admitted consecutively to our institution from
February 2001 to January 2005. Among them, emergency
CAS for total or near occlusion with thrombi was attempted
in 14 patients, and technically successful in 13 patients. Ten
patients were treated without PFC, and four with PFC. In 10
patients without PFC, NIHSS scores before and 7 days after
CAS were 16.5 and 15, respectively. In 4 patients with PFC,
NIHSS score improved from 9 of pre-CAS to 2.5 seven days
after CAS. Three-month median mRS score in patients without and with PFC was 4 and 1, respectively.

RESULTS
Among 10 cases, seven cases revealed external carotid arteries damage while 3 cases found internal carotid arteries damage. Embolization were performed successfully in all 10
cases; among them one case combined with neuosurgical ligation. The average operation time was 45.6+/-12.5 min. The
average blood pressure before embolization was 85.2 ± 12.5
mm Hg over 44.8 ± 12.5 mm Hg and increased to 110.9 ± 6.3
mm Hg over 70.1 ± 6.3 mm Hg at 6 hours after transcatheter
embolization. And the average volume of blood transfusion
was 6220 ± 6168 ml. Bleeding caused by basicranial fracture
in all 10 cases was controlled within 6 hours. The vital signs
tend to calm within 24 hours, and all 10 cases had been discharged after careful rehabilitation.
CONCLUSION
Transcatheter embolization external carotid artery can rescue
hemorrhagic shock patients caused by basicranial fracture in
a short time, and this technique is simple and easy to be performed in a short period; therefore providing a new salvage
technique for emergency medicine.
KEY WORDS: Hemorrhagic shock, embolization, carotid
artery
Poster 181

CONCLUSION
Emergency CAS utilizing PFC may be feasible, safe, and
effective to achieve favorable clinical outcome even in
patients with total or near occlusion with thrombi.

Effect of Pial Collateral Formation on Hemorrhage Rate
and Infarct Volume
Christoforidis, G. A. · Mohammad, Y. · Yang, M. · Slivka, A.

KEY WORDS: Carotid stenting, total occlusion, proximal
flow control
Poster 180
Emergency Transcatheter Embolization in Severe Auris
and Nasal Cavity Bleeding Caused by Basicranial
Fracture
Zhu, X. · Ni, C. · Liu, Y. · Jin, Y.

The Ohio State University
Columbus, OH
PURPOSE
This investigation attempts to determine whether patients
with good pial collateral formation during acute ischemic
stroke documented on angiography have lower hemorrhage
rates and volumes than patients with poor pial collateral formation.

PURPOSE
Severe auris and nasal cavity bleeding often took place after
craniocerebral trauma, and routine hematometachysis and
blood volume supplement often could not control bleeding,
and in the most severe patient often leads to death which is
caused by hemorrhagic shock. We try to apply external
carotid artery embolization to control the bleeding caused by
basicranial fracture, thus to rescue the hemorrhagic shock
patients as quickly as possible.

MATERIALS & METHODS
This study retrospectively reviewed the records, CT scans
and arteriograms from 88 consecutive patients who underwent intraarterial thrombolysis. Hemorrhage volumes were
determined on the basis of 24-48 hour CT scans by multiplying cross-sectional areas by slice thickness and adding
them up. Multivariate regression analysis was performed to
determine whether anatomical extent of pial collateral formation on a previously defined 5-tier scale influenced presence of hemorrhage and hemorrhage volume while taking
into account presenting systolic blood pressure glucose, and
platelet level, presenting NIHSS score, time to treatment,
age, sex, occlusion site, and recanalization.

MATERIALS & METHODS
Ten severe auris and nasal cavity bleeding cases were treated by transcatheter external carotid arteries embolization
monitored by DSA, and the glutine sponges or detachable
balloons were used during the embolization. The vessel
which probably was due to the bleeding was first checked by
angiography; if the bleeding vessel was found, embolization
was performed promptly by glutine sponges granulas or
detachable balloons.

RESULTS
The rate of hemorrhage was 50% in those patients with poor
pial collaterals (grades 4 and 5) and 19.7% in those with better pial collaterals (p = 0.0223, Pearson). Mean hemorrhage
volume among patients with hemorrhage was 60.35 milliliters
in patients with poor pial collaterals and 14.9 milliliters in
patients with good pial collaterals (p = 0.0015, Oneway
Anova). Logistic regression analysis revealed that pial collateral formation (p = .0373) glucose level (p = .0097) and

Suzhou University
Suzhou, CHINA
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MATERIALS & METHODS
Inclusion criteria of CAS in acute ischemic stage were
patients with (1) serious or progressing neurologic symptoms or crescendo TIAs, (2) no cerebral hemorrhage on CT
scans or extensive high signal-intensity on MR diffusionweighted images, (3) decrease of cerebral blood flow displayed by MR perfusion-weighted images, and (4) carotid
total or near occlusion with thrombi diagnosed by cerebral
angiography. Between 2001 and 2003, emergency CAS for
total or near occlusion with thrombi was performed without
PFC to prevent distal migration of thrombi. Since 2004, PFC
is utilized. Technical success, 7-day NIHSS after CAS, and
3-month modified Rankin Scale (mRS) were investigated.
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platelet levels (p = 0.0242) were statistically significant predictors of hemorrhage. A trend (p < 0.020) towards hemorrhage was observed with time to treatment, and recanalization.
CONCLUSION
Poor pial collateral formation identified on angiography
increases the incidence and size of hemorrhage following
intraarterial thrombolysis.
KEY WORDS: Thrombolysis, cerebral hemorrhage, stroke

Poster 183
Carotid Stent Placement without Use of a Protection
System: Experience in 600 Cases
Reul, J. · Grond, M.
Klinikum Siegen
Siegen, GERMANY
PURPOSE
To evaluate if carotid stenting can be performed without
increasing the peri-interventional rate of adverse events.

Poster 182
Multimodality Treatment of Symptomatic Cerebral
Vasospasm
Lylyk, P. · Miranda, J. · Ferrario, A. · Romero, R. · Angelani,
P. · José Vila, J. · Wu, H.
ENERI
Buenos Aires, ARGENTINA
PURPOSE
Despite advances in medical, surgical, and endovascular
care, cerebral vasospasm remains a major problem in
patients recovering from aneurysmal subarachnoid hemorrhage. In this study we present our experience with combined different endovascular modalities of treatment.
MATERIALS & METHODS
From September 1990 to September 2005, a total of 2419
patients with 2839 intracranial aneurysms have been treated
by endovascular methods. This series included 1523 ruptured aneurysms. The authors made a retrospective review of
patients with symptomatic vasospasm, assessing the angiographic characteristics, the modality of endovascular treatment, procedural feasibility, and clinical outcome.

MATERIALS & METHODS
Out of more than 600 patients treated from 1999-2005 with
carotid stents for high-grade and/or symptomatic carotid
artery stenoses, the procedure-related and not procedure-related complications were analyzed. Patients were examined with
diffusion-weighted MR imaging before and after the procedure. Independent neurologic examination was done based on
a standard protocol for all patients. The patients were monitored for 48 hours on a stoke unit. Routinely, Doppler ultrasound was done in the early follow up.
RESULTS
Compared to the data from the literature for procedures with
use of a protection system, our rate of adverse events was not
significantly different. Even compared to the surgical operative results, our data suggest no negative difference.
CONCLUSION
Carotid stenting without use of a protection system can be
done in most cases without an increased risk of intraprocedural stroke. However, it may be useful in selected cases.
Therefore, criteria for the preoperative identification of such
patients have to be evaluated.
KEY WORDS: Carotid stent, protection, stroke

RESULTS
Five hundred and forty-five patients developed clinical
vasospasm, representing the 35.7% of patients with SAH
treated in our institution. Angiographically 124 patients had
proximal vasospasm (22.9%), 142 distal vasospasm (26%)
and combined proximal and distal vessels compromise in
279 cases (51.1%). One hundred and eighty-two patients
with vasospasm refractary to medical treatment were treated
with endovascular methods; 81 patients were treated by
pharmacologic angioplasty (nimodipine). Balloon angioplasty was performed in 49 cases (39 in the anterior circulation and 11 at vertebrobasilar territory). Fifty-two patients
were treated with partial aortic obstruction (CoAxia
NeurofloTM). One hundred and fifty patients received more
than one kind of endovascular therapy (combined treatment).
CONCLUSION
The devastating outcome of natural history of symptomatic
vasospasm demands an aggressive treatment by means of an
oriented and structured multimodal regimen.
KEY WORDS: Vasospasm, aneurysms, SAH
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Hemodynamic and Metabolic Alternations in Basal
Ganglia in Pediatric Moyamoya Disease: A MR
Perfusion and Proton Spectroscopic Study
Chen, C.1 · Lee, C.2,1 · Wang, C.1,3 · Chou, M.1,3 · Liu, H.1,3 ·
Chung, H.1,3
1
Tri-Service General Hospital, Taipei, TAIWAN REPUBLIC
OF CHINA, 2Tamkang University, Taipei, TAIWAN
REPUBLIC OF CHINA, 3National Taiwan University,
Taipei, TAIWAN REPUBLIC OF CHINA

PURPOSE
Moyamoya disease is characterized by basal collateral vessels in the basal ganglia on conventional MR and CT images.
In children, the disease may present with ischemic stroke in
the cerebral hemispheres but usually sparing the basal ganglia. We seek to determine the differences of metabolic and
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hemodynamic alternations between the basal ganglia and
cerebral hemispheres using MR perfusion and spectroscopic
methods in children with moyamoya disease.

RESULTS
∆TTP was normal in basal ganglia and significantly prolonged in the other brain regions (p < 0.001). While VMR
tended to be normal in basal ganglia and slightly prolonged
in other brain regions, no statistical significance was found
(p > 0.25). In spectroscopy, NAA/Cr ratios were significantly decreased in frontal and occipital white matter where
∆TTP were larger than 4 seconds. Similar metabolic changes
were not observed in the basal ganglia.
CONCLUSION
Although children with moyamoya disease may show dominant basal collaterals in the basal ganglia, the hemodynamic
and metabolic alternations in the basal ganglia are negligible
as compared to the more ischemic cerebral hemispheres.
Basal perforators may function as hemodynamic stabilizers
in the middle stages of the moyamoya disease.
KEY WORDS: Moyamoya, basal ganglia
Poster 185
Use of MR Imaging in Cerebral Vasculitis with X-Linked
Lymphoproliferative Syndrome: A Case Report
Liu, P.
No.1 Hospital of Yue Yang City, Hunan
Yue Yang City, CHINA
We report MR features of histopathologically proven cerebral vasculitis in a 10-year-old boy with X-linked lymphoproliferative syndrome (XLP). Rapid onset, dementia progression, and widespread cerebral lesions are novel features
of cerebral vasculitis reported in this case.
KEY WORDS: MR imaging, MR angiography, X-linked lymphoproliferative syndrome

Acute Necrotizing Encephalopathy Secondary to
Diphtheria, Tetanus Toxoid, and Whole-Cell Pertussis
Vaccination: Diffusion and H+-MR Spectroscopy
Findings
Musapasaoglu, H.1 · Karadeli, E.2 · Ozgul, E.1 · Gokdemir,
M.1 · Agildere, A. M.1
1

Baskent University, Ankara, TURKEY, 2Baskent University,
Konya, TURKEY

PURPOSE
Brain MR imaging, DWI, and H+-MRS findings in an infant
with acute necrotizing encephalopathy (ANE) which developed secondary to diphtheria, tetanus toxoid, and whole-cell
pertussis (DTPw) vaccination was presented.
MATERIALS & METHODS
A previously healthy 6-month-old boy was admitted to pediatric intensive care unit with lethargy, hypotonia, and focal
clonic convulsion on the sixth day of second dose of DTPw
vaccination. The levels of white blood cell (WBC), serum
ammonia, sodium, potassium, calcium, and phosphorus were
investigated. Blood chemistry analysis, cultures of blood,
urine, and cerebrospinal fluid (CSF), urine analysis and lumbar puncture were obtained. The brain MR imaging and DWI
and ADC maps of the patient were obtained. After 1 week
brain MR imaging and DWI and ADC maps were repeated
and single voxel brain H+-MRS was obtained. Brain MR
imaging was repeated after 6 months.
RESULTS
Brain MR imaging showed symmetrical areas of hyperintensity in the bilateral thalami on T2-weighted images and
FLAIR images. There was a localized hyperintense area in
the right thalamus consistent with hemorrhage on T1weighted images. T1-weighted postgadolinium image
showed no enhancement. Diffusion images and ADC maps
showed increased diffusion in bilateral thalami, except an
area with decreased diffusion in the right thalami corresponding to the hemorrhage. One week after the first MR imaging study, cranial MR imaging study was repeated and brain
H+-MRS was added (TE:31, 136 and 272 ms). There was an
obvious decrease of hyperintensity in bilateral thalami on
T2-weighted images. Hyperintensity on T1-weighted images
and cytotoxic edema on DWI in the right thalamus disappeared. Diffusion and ADC maps findings almost disappeared. On the brain MRS, we determined high lipid and
glutamate/glutamine complex peaks on short echo H+-MRS.
On laboratory examination, level of WBC was 12,000/mm3.
Blood chemistry, urine analysis, cultures of blood, urine and
CSF were unremarkable. Cerebral spinal fluid analysis
showed normal protein and glucose levels with no pleocytosis. The prothrombin time and the activated partial thromboplastin time were normal. He was diagnosed as ANE secondary to vaccination with DTPw. The symmetrical thalamic lesions gradually resolved approximately within 6 months.
Follow-up brain MR imaging demonstrated resolution of the
bithalamic lesions without residual findings; although his
neurologic and psychological evaluations showed psychomotor retardation.
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MATERIALS & METHODS
Seven children, age ranged 3-18 years, with MR angiographically proven bilateral moyamoya disease were evaluated with
dynamic contrast MR perfusion studies before and after intravenous administration of acetazolamide (Diamox, Lederle
Lab Division) and multivoxel proton MR spectroscopy.
Challenge perfusion MR imaging was acquired 20 minutes
after intravenous injection of 1.0 gram acetazolamide, which
is a vasodilatory stimulator. Maps of relative cerebral blood
volume (rCBV), cerebral blood flow (rCBF) and time-to-peak
(TTP) were derived on a pixel-by-pixel basis. Regions of
interest measured were frontal and occipital periventricular
white matter (WM), cerebral hemispheres not including basal
ganglia in the territory of middle cerebral artery, basal ganglia
and occipital lobes in the posterior cerebral artery territory
(PCA). All maps were normalized to PCA region where the
hemodynamic parameters were normal. The normalized TTP
map was calculated by the equation ∆TTP = TTP(ROI)-TTP(PCA).
Furthermore, vasomotor reserve (VMR) ratio, defined as
[(rCBF(after vasodilatory stimulus, diamox) - rCBF(resting))/rCBF(resting)] x 100, was
derived also. NAA/Cr ratios normalized to occipital lobe values were acquired in each brain region.
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CONCLUSION
Diffusion-weighted imaging and ADC maps of the ANE may
show symmetrical increased diffusion with an asymmetrical
localized decreased diffusion corresponding to hemorrhage.
These findings may be reversible although neurologic and
psychological abnormalities may persist. H+-MRS may show
increased glutamine-glutamate and lipid levels.
KEY WORDS: Acute necrotizing encephalopathy, brain MRS,
diffusion-weighted imaging
Poster 187
Evaluation of Internal Carotid Artery Involvement in
Children with Retropharyngeal Abscess
Sindhwani, V. · Prelog, K.
The Children's Hospital at Westmead
Sydney, NSW, AUSTRALIA
PURPOSE
Our purpose was to evaluate the extent and affects of internal carotid artery involvement in children with retropharyngeal abscess and its cause. We assessed the cases in relation
to previous theories of spasm and mass effect due to edema
resulting in carotid artery narrowing.
MATERIALS & METHODS
Contrast-enhanced neck CT scans from 50 consecutive children with retropharyngeal abscess were evaluated for presence of narrowing and extent of internal carotid artery
involvement. Clinical neurologic evaluation at the time of
presentation was established using patient medical records.
Contralateral internal carotid artery was taken as control for
the study.
RESULTS
Eighty-six percent of the patients had ipsilateral internal
carotid artery involvement in the form of narrowing, displacement, and arterial wall thickening. The narrowing varied between 40% and 90% at the level of abscess.
Continuous narrowing up to the skull base (intracranial segment) was seen in 24% of patients. The only patient who
underwent MR imaging 6 hours later for evaluation of
intracranial carotid involvement as seen on CT scans
revealed persistent narrowing up to the level of carotid
siphon. This patient's progress MR imaging done 11 days
later showed reversible nature of this condition. Another
patient who was treated conservatively underwent follow-up
CT scan 3 days later and showed the internal carotid narrowing to be persistent; ruling out the possibility of spasm.
None of the patients had neurologic compromise. Forty-two
patients with retropharyngeal abscess were boys suggesting
male preponderance.

CONCLUSION
Ipsilateral internal carotid artery narrowing in patients with
retropharyngeal abscess is a frequent finding without any
evidence of neurologic deficit. We found it to be persistent
over several days suggesting that it is unrelated to spasm as
previously reported but reversible in long term.We conclude
that there is actual arterial wall involvement in the form of
inflammatory thickening resulting in narrowing. Intracranial
involvement of ipsilateral internal carotid artery is a relatively common finding but to our knowledge has not been
reported. We report that there is a strong male prepondrance
as regards to occurrence and incidence of retropharyngeal
abscess.
KEY WORDS: Internal carotid artery, narrowing, retropharyngeal abscess
Poster 188
Changes in Apparent Diffusion Coefficient Values of
Fetal Brain during Normal Fetal Cerebral Development
with Normal Doppler Ultrasound Findings of Middle
Cerebral Artery
Kara, S. · Aktas, A. · Noyan, V. · Bagcýer, S. · Yazgan, C.
Kýrýkkale University
Ankara, TURKEY
PURPOSE
Although diffusion-weighted imaging (DWI) has been
shown to be highly sensitive in detecting several cerebral
disorders in adults, its use in detecting fetal brain maturation
and cerebral disease remains unclear. We conducted a study
to investigate the normal water diffusion changes in fetuses
with normal Doppler ultrasonography findings of middle
cerebral artery that occur during the normal fetal life.
MATERIALS & METHODS
We measured the apparent diffusion coefficient (ADC) values by using an echo-planar DWI (b factor, 0 and 1000
s/mm2, with 3 mm slice thickness), in frontal, parietal, temporal, and occipital white matter, brain stem, mesencephalon, basal ganglia, thalamus, perirolandic region of 25
fetuses. Their gestational ages ranged from 19 to 36 weeks.
Ultrasonographic examinations were done to all fetuses.
Middle cerebral arteries were examined near the Willis
poligon. Region of interest (ROI) sizes varied from 10-15
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mm2. Linear regression was used to examine the effect of
age on ADC, and analysis of variance was used to compare
ADC within different brain regions.

CONCLUSION
Ultrasonography and Doppler imaging are very useful for
detecting normal fetal development. Diffusion-weighted
imaging and ADC determinations are feasible in fetal brain
by using prenatal MR imaging. The ADC determinations we
obtained are consistent with reported in postnatal studies
performed in premature babies. The mean ADC value for
white matter ROIs was higher than that of the gray matter. It
could be because gray matter has more cells and membranes
per volume unit that unmyelinated white matter, and the
interstitial water is more abundant in the latter. If we know
the ADC volues of certain regions of the fetal brain with gestational age, this will be helpfull in diagnosing of suspicious
conditions like cerebral vascular or any diseases. Further
studies, including more normal and abnormal subjects and
using higher spatial resolution imaging, would confirm all
details and relations between normal fetal brain development, ADC values and fetal brain disorders.
KEY WORDS: fetal, DWI, ADC
Poster 189
Short Echo Time MR Spectroscopic Imaging for
Neonatal Pediatric Imaging
Kim, D. H. · Barkovich, A. J. · Vigneron, D. B.
University of California San Francisco
San Francisco, CA
PURPOSE
Previous volumetric MRSI studies of the neonatal brain have
been limited mostly to long echo time acquisitions due to
technical difficulties such as strong lipid signal contamination. In this study, we demonstrate the applicability of a
quantitative short echo time 3D MRSI sequence, targeted for
neonatal brain exams, by using a newly derived MRSI protocol.
MATERIALS & METHODS
Short echo time 3D MRSI data were acquired from 10
neonates using an MR imaging-compatible incubator. The
PRESS-based MRSI sequence was applied using an 8 x 8 x
8 voxel over the brain (TR/TE = 1000/30 ms, 1cc iso-resolution, 9 min, 1.5 T). Eighteen consecutive very selective
saturation pulses were placed to eliminate signals from subcutaneous lipids. Quantification was achieved by using the

RESULTS
Elevated Cho/Cr ratios were seen on preterm births in comparison with term births in regions of the basal ganglia, thalamus, and calcarine gray matter (p < 0.005). Elevated mI/Cr
ratios were seen also in the basal ganglia, thalamus (p <
0.005), and the frontal white matter (p < 0.05) while NAA
ratios increased with age. No significant differences were
found for Glx (glutamate + glutamine). The LC model fitting
of the lactate resonance did not provide robust output due to
remaining lipid coresonances.

CONCLUSION
We have implemented a short echo (= 30 ms) volumetric
MRSI sequence targeted for neonatal imaging. The method
is useful for studies of short T2 metabolite distributions in
normal and abnormal development in the neonatal brain.
Overall, the pattern of the metabolite distribution followed
previously studied developmental curves. However, because
the patients examined were not completely normal, these
numbers should not be considered normative data. Even if
development of the patients were normal, it is likely that premature birth and congenital heart defects have some effect
on normal brain development.
KEY WORDS: Spectroscopic imaging, short echo time,
neonatal imaging
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RESULTS
Mean ADC values were 1.435 ± 0.24, 1.388 ± 0.21, 1.381 ±
0.21, 1.432 ± 0.25, 1.407 ± 0.21 x 10-3 mm2/sn in frontal,
occipital, temporal, parietal white matter, perirolandic region
and 0.645 ± 0.52, 1.262 ± 0.17, 1.247 ± 0.20 x 10-3 mm2/sn
in brain stem, mesencephalon, basal ganglia, respectively.
Apparent diffusion coefficient decreased with age in all
regions (P < 0.001). Apparent diffusion coefficient was significantly higher in white matter than in gray matter.
Ultrasonographic examinations were normal in all fetuses.
All middle cerebral artery Doppler ultrasonography examinations were within normal values.

LC model fitting procedure. Results were used in our analysis only if the estimated standard deviations of the fitting
procedure was below 20%. Data analysis was performed by
dividing the subjects into groups consisting of preterm births
and term births. Of these neonates, four were born prematurely and studied at adjusted ages of 30.5 ± 3.2 weeks. Six
term births were due to congenital heart defects; the adjusted age for these infants at the time of study was 41 ± 1.4
weeks.
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Imaging Characteristics of Atypical Teratoid/Rhabdoid
Tumor in Children

Preoperative Transarterial Embolization of Choroid
Plexus Tumors in Children Is Safe and Effective in
Reducing Intraoperative Blood Loss

Chung, T.1 · Hunter, J.2 · Kang, H.3
1

Chonnam University Hospital, Gwangju, REPUBLIC OF
KOREA, 2Texas Children's Hospital, Houston, TX, 3Chonnam
University Whasun Hospital, Jeonnam, REPUBLIC OF
KOREA
PURPOSE
Atypical teratoid/rhabdoid tumors (ATRTs) are rare malignant embryonal central nervous system tumors composed of
rhabdoid cells which occur most commonly in children. This
poster aims to describe the imaging characteristics of ATRTs
in a large series of pediatric patients with ATRT.
MATERIALS & METHODS
We retrospectively studied preoperative CT and MR images
of 14 males and four females, median age 3.2 years, range 2
months - 15 years, with pathologically proved ATRT. We
analyzed the following: the site of tumor, the signal intensity of the solid component compared to normal cortex, the
existence of the cystic component, calcification, hemorrhage, and leptomeningeal seeding, and contrast enhancement.
RESULTS
Tumor location was varied, with lesions present infratentorially in nine patients, supratentorially in eight. CT showed
iso- or hyper-attenuation in all patients. MR signal intensity
was heterogeneous in all patients, predominantly low or
isointense on T1- and variable on T2-weighted images, low
or isointense in eleven and hyperintense in six. In all eight
patients examined diffusion-weighted image diffusion
restriction was noted. Prominent MR imaging features were
multiple cystic and necrotic areas associated with an inhomogeneous
contrast-enhancing
solid
component.
Calcification (n = 7), hemorrhage (n = 3) and leptomeningeal
seeding (n = 2) were identified.
CONCLUSION
Although ATRTs share indistinguishable imaging features
with medulloblastoma, the most suggestive imaging features
of ATRTs is an infratentorial location in a child less than 5
years of age, showing multiple cystic and necrotic areas,
hyperdensity on CT, low or isointensity on T1-weighted MR
imaging, and diffusion restriction on diffusion-weighted
image.
KEY WORDS: Brain tumor, pediatric brain tumor, atypical
teratoid rhabdoid tumor

Robertson, F. J. · Gunny, R. S. · Brew, S. K. · Siddiqui, A.
National Hospital for Neurology and Neurosurgery
London, UNITED KINGDOM
PURPOSE
To evaluate our series of pediatric patients who underwent
preoperative transarterial embolization of choroid plexus
tumors with respect to surgical blood loss.
MATERIALS & METHODS
Diagnostic catheter angiography followed by attempted
transarterial embolization was performed in six pediatric
patients with choroid plexus tumors and was successful in
four. There were no complications in any patient. A safe
position for embolization within the anterior choroidal artery
could not be obtained in two patients.
RESULTS
Intraoperative blood loss was reduced in those patients who
were embolized in comparison with those where access to
the anterior choroidal artery could not be achieved and with
historical figures.
CONCLUSION
Preoperative transarterial embolization of choroid plexus
tumors appears safe and reduces intraoperative blood loss. It
also may facilitate complete tumor resection. Even where
embolization was not possible, diagnostic angiography is
helpful in surgical planning.
KEY WORDS: Choroid, tumor, embolization
Poster 192
Neuroimaging Features of Choroid Plexus Tumors in
Children and Adults: Preoperative Diagnosis of Choroid
Plexus Papilloma versus Carcinoma
Robertson, F. J. · Gunny, R. S. · Brew, S. K. · Siddiqui, A.
National Hospital for Neurology and Neurosurgery
London, UNITED KINGDOM
PURPOSE
To describe the imaging findings of choroid plexus tumors in
children and adults and to investigate whether it was possible to distinguish preoperatively between choroid plexus
papilloma and carcinoma.
MATERIALS & METHODS
The neuroimaging, including CT, MR imaging and cerebral
angiography, of 35 children with choroid plexus papilloma
or carcinoma, including six with diffusion-weighted imaging
and 11 adults with choroid plexus papilloma, was reviewed
by three neuroradiologists. Imaging findings including T2
hypointensity and restricted diffusion, presence of peritumoral edema, parenchymal contrast enhancement, hemorrhagic change, presence of vascular flow voids or angiographic tumor blush and pial dissemination were recorded.
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These findings were correlated with histologic findings from
corresponding pathologic specimens. Angiographic demonstration of pial supply may indicate parenchymal invasion,
more common in malignancy.

CONCLUSION
Neuroimaging is helpful in predicting the pathologic features of tumor cellularity and some features of invasion.
Other imaging features are less specific and should be interpreted with caution.
KEY WORDS: Choroid, plexus, tumor
Poster 193

Murakami, R. · Hirai, T. · Nakamura, H. · Kitajima, M. ·
Morishita, S. · Oya, N. · Kuratsu, J. · Yamashita, Y.

CONCLUSION
The ADC values added more information to conventional
MR findings in the differentiation between PAs and HGGs.
Pilocytic astrocytomas should be considered in tumors with
enhancing components and high minimum ADC values.

Kumamoto University Hospital
Kumamoto, JAPAN

KEY WORDS: Pilocytic astrocytoma, diffusion-weighted MR
imaging, ADC value

MR Imaging of Pilocytic Astrocytomas: Value of
Quantitative Diffusion-Weighted MR Imaging

PURPOSE
Among gliomas with contrast enhancement, high-grade
gliomas (HGGs) and pilocytic astrocytomas (PAs) may be
difficult to differentiate on conventional MR imaging.
Although the usefulness of diffusion-weighted (DW) MR
imaging for the preoperative glioma grading has been investigated, overlap between the apparent diffusion coefficient
(ADC) values of low- and high-grade gliomas is suggested
also. The purpose of our study was to determine whether
quantitative DW MR imaging can provide additional information to differentiate between PAs and HGGs.
MATERIALS & METHODS
Between 1999 and 2005, 12 consecutive patients with histologically confirmed PAs had undergone pretreatment MR
examination including DW images. There were eight men
and four women aged from 4 to 70 years (mean 28 years).
The lesions were evaluated retrospectively with regard to
location, size, morphology, contrast enhancement, and the
minimum ADC value. The minimum ADC values of the 12
PAs were compared with those of other 80 HGGs at the same
period.
RESULTS
In 12 PA, tumor size ranged from 11 to 58 mm (mean 32) in
diameter. All lesions located around the ventricles and had
enhancing components. Most lesions had cystic components,
except 2 small lesions of 11 and 14 mm in diameter. The
minimum ADC values of PAs ranged from 1.375 to 1.897
(mean 1.693) ×10-3 mm2/sec. In 80 HGG, the minimum ADC
values ranged from 0.543 to 2.024 (mean 1.067) ×10-3
mm2/sec; 0.543 to 1.462 (mean 0.959) ×10-3 mm2/sec in the
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Comparison of 3D CISS and 3D FIESTA: Images for
Endoscopic Third Ventriculostomy Patency Assessment
Furusawa, T. · Ishikawa, K.
Niigata University Medical and Dental Hospital
Niigata, JAPAN
PURPOSE
We compared the merits of 3D CISS and 3D FIESTA images
for evaluating fenestration patency after endoscopic third
ventriculostomy (ETV), which is performed to treat hydrocephalus in patients’ later years.
MATERIALS & METHODS
MR imaging was performed to evaluate fenestration patency
after ETV in 36 hydrocephalic patients (men and women up
to 51 years old, average age, 13.8 years) referred from April
2001, to March 2005. In a sagittal set of 3D fast imaging
employing steady-state acquisition (FIESTA) images and
T2-weighted images or a sagittal set of 3D constructive
interference in steady state (CISS) images with T2-weighted
images, we located the binary point visually and retrospectively. First, we investigated whether the cerebrospinal fluid
(CSF) flow void that passed through a fenestration could be
seen in the lower part of the anterior third ventricle and/or in
the suprasellar cistern (basilar cistern). Secondly, we examined whether the fenestration itself could be seen in the basi-
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RESULTS
In the 46 patients, preliminary results suggest choroid plexus
carcinomas (CPCs) had evidence of increased cellularity as
judged by the presence of hyperdensity on CT and T2
hypointensity and restricted diffusion on MR imaging. In
addition, ill-defined margins and ependymal contrast
enhancement appear to be better signs of malignancy than
edema.

tumors with contrast enhancement (n = 61) and 0.783 to
2.024 (mean 1.413) ×10-3 mm2/sec in the tumors without contrast enhancement (n = 19). Although there was overlap
between the minimum ADC values of PAs and HGGs, all
PAs but one were differentiated from HGGs with contrast
enhancement by means of the minimum ADC values (Fig).
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lar part of the third ventricle. These evaluations were based
on a report of Wilcock (1). The judgment of imaging findings was determined by agreement of two radiologists.
RESULTS
In sagittal sections of T2-weighted images of 26 out of 36
cases, we were able to confirm that the CSF flow void passed
through a fenestration. Therefore, 3D CISS and 3D FIESTA
of the 26 cases were compared. Three-dimensional CISS
images revealed in 15 of 16 cases (93.8%) both fenestration
and flow void. Three-dimensional FIESTA images revealed
fenestration in all 10 cases but flow void in only 2 of 10
cases (20.0%) (P = .0002, Fisher’s exact probability test).

t-test indicated a significant group difference on apparent
diffusion coefficient (ADC) in the right temporal lobe (t4 =
3.211, p = 0.024), with autistic adolescents exhibiting higher ADC - a measure of increased diffusion or altered white
matter structure. There was also a trend indicating a similar
relation in the left temporal area for ADC (t4 = 2.202, p =
0.093). A strong correlation existed for the difference scores
between pairs on left temporal ADC and difference scores
between pairs for the communication domain on the VABS
(r = -0.953, p = 0.012) again reflecting a relationship where
higher ADC was associated with lower communication ability.

CONCLUSION
Both 3D CISS and 3D FIESTA reveal fenestration after ETV,
but 3D CISS may more clearly show a CSF flow void that
passes through a fenestration.
REFERENCES
1. Wilcock DJ, Jaspan T, Worthington BS, Punt J. Neuro-endoscopic third ventriculostomy: evaluation with magnetic resonance imaging. Clin Radiol 1997;52(1):50-54

Relationship of Diffusion Tensor Imaging Abnormalities
in the Temporal Lobes and Language Functioning in
Autism

CONCLUSION
Using DTI measurements in conjunction with volumetrics,
there is an apparent association between higher ADC indicative of altered white matter and decreased verbal skills in our
autistic population compared to normal controls. Further
investigation using DTI in subjects with autistic spectrum
disorders may provide valuable insights into brain-behavior
relationships not demonstrable by conventional MR imaging.

Hunter, J. V.1 · Wilde, E. A.2 · Chu, Z.1 · Loveland, K.3 ·
Pearson, D.3 · Li, X.2
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PURPOSE
To examine the relationship of diffusion tensor imaging
(DTI) in the left and right temporal areas with the communication domain of the Vineland Adaptive Behavior Scale
(VABS), a measure of language skill, in an autistic population compared with matched normal controls.
MATERIALS & METHODS
Subjects included 5 right-handed, verbally able male adolescents aged 15-18 years with autism and average or greater IQ
and 5 typically developing male adolescents matched on age,
handedness, and IQ. Diffusion tensor imaging was performed on a Philips 1.5 T Intera (Best, Netherlands) using
15-direction diffusion-encoding, with b = 0 and b1 = 860
s/mm2. Three-dimensional fiber tracking was performed
using Philips software and apparent diffusion coefficient
(ADC) measurements developed from regions of interest
placed within the temporal white matter (Fig 1). In addition,
3D volumetric data were acquired and left and right temporal lobe white and gray matter measures were performed
using Analyze 6.0.
RESULTS
No significant group differences were apparent on left or
right temporal white or gray matter volume using MANOVA
controlling for total intracranial volume. However, a paired

KEY WORDS: Diffusion tensor imaging, autism, volumetric
imaging
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Normal Development of Brainstem in Childhood:
Measurement of the Area on Midsagittal MR Imaging
Kutomi, K. · Oba, H. · Adachi, Y. · Furui, S.
Teikyo University School of Medicine
Tokyo, JAPAN
PURPOSE
Developmental abnormality of brainstem is shown in pediatric patients with mental retardation, autisum, periventricular leukomalacia, neurodegenerative disease, and so on. Our
purpose here is to clarify the normal developmental pattern
of the brainstem.
MATERIALS & METHODS
We measured the area of midbrain tegmentum (A), tectum
(B), basis pontis (C), pontine tegmentum (D) and pons
(C+D) on midsagittal MR images in 111 normal children
(newborn to 20 years old).
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CONCLUSION
These different growth patterns seemed to be consistent with
differences in the myelination cycles of the neuronal fibers,
maturation of the nuclei and proliferation of glial cells in
each part of the brainstem. Midsagittal MR imaging of the
head is accurate and reproducible and is used conveniently in
routine head MR study, making it very useful for the diagnosis of many central nervous diseases and anomalies. We
believe that this new milestone provided in this study will be
helpful in distinguishing normal children from those that
have neurodegenerative disorders.
KEY WORDS: Brainstem, midbrain, pons
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Olanzapine Treatment Effects in Adolescents with
Bipolar Mania: A Proton MR Spectroscopy Study
Cecil, K. M.1 · DelBello, M. P.2 · Adler, C. M.2 · Strakowski,
S. M.2 · Daniels, J. P.1
1

Cincinnati Children's Hospital Medical Center, Cincinnati,
OH, 2University of Cincinnati College of Medicine,
Cincinnati, OH
PURPOSE
The neurochemical effects of pharmacologic treatments for
bipolar disorder are not well understood. Preclinical reports
suggest that olanzapine may have neurotrophic properties.
Using proton MR spectroscopy (MRS), we hypothesized
treatment with olanzapine would increase N-acetyl-aspartate
(NAA) levels in manic bipolar adolescents. We also sought

to identify neurochemical predictors of successful olanzapine treatment and determine if there were other neurochemical effects of olanzapine therapy measured by MRS.
MATERIALS & METHODS
Twenty adolescents (aged 12-18 years) admitted for their
first hospitalization for bipolar disorder, type I, manic or
mixed, were recruited from consecutive admissions to the
psychiatric units of an academic medical center. Ten demographically matched healthy subjects were recruited from the
community. Medial prefrontal cortex and bilateral prefrontal
white matter were sampled using a short echo (TE 35 ms),
single-voxel MRS technique at 1.5 T. Localizing from a
high-resolution, 3D IR prepared FSPGR volumetric imaging
sequence, gray, white, and CSF contributions to an individual voxel were accounted for using custom segmentation
analysis software. NAA, choline, creatine/phosphocreatine,
myo-inositol, and glutamate/glutamine were quantified
using LC Model software. Manic adolescents were scanned
baseline, prior to receiving medication, and on days 7 and 28
of olanzapine monotherapy. Healthy subjects did not receive
medication but underwent MRS at the same three time points
to assess for normal variability in metabolite concentrations
between time points. Appropriate statistical analyses were
performed including corrections for multiple comparisons.
RESULTS
Eleven manic adolescents remitted following olanzapine
treatment. Clinical remission was defined by an endpoint
Young Mania Rating Scale score of < 12 and an endpoint
Clinical Global Impression Improvement score of < 2.
Olanzapine remitters exhibited a greater increase over time
in medial prefrontal cortex NAA compared with nonremitters (p = 0.007). Baseline medial prefrontal choline was
greater in olanzapine remitters than in nonremitters (t = -3.9,
p = 0.001). Manic adolescents treated with olanzapine had an
increase from baseline to day 7 in medial (p = 0.002) and
right lateral (p = 0.02) prefrontal choline.
CONCLUSION
Our study found successful treatment of mania with olanzapine may increase prefrontal neuronal viability as evidenced
by increased NAA. Additionally, our results indicate higher
baseline levels of choline in the medial prefrontal cortex predicted olanzapine-induced remission. Moreover, bipolar
adolescents, regardless of remission status, experienced an
increase in medial prefrontal gray and right lateral prefrontal
white matter choline within the initial week of olanzapine
treatment. This result indicates that the increase in choline
concentration may arise from olanzapine treatment, rather
than the resolution of mania.
KEY WORDS: Spectroscopy, bipolar mania, olanzapine
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RESULTS
Different growth patterns were shown in each part of the
brainstem. Tectum showed a subtle increase in area from the
newborn to adult period, while midbrain tegmentum and
pontine tegmentum showed a mild and gradual increase in
area. Pons and basis pontis showed a rapid and prominent
increase in area from newborn to infant period and gradual
increase in area until the adult period.
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Pictorial Review of Normal and Abnormal Findings following Lumbar Puncture
Lertvaranurak, R. · Blaser, S. · Shroff, M. · Laughlin, S. ·
Raybaud, C. · Armstrong, D.
Hospital for Sick Children
Toronto, ON, CANADA
PURPOSE
Complications from lumbar puncture, even when risk factors
are present, are rare in children. We present a pictorial
review of imaging findings of normal and abnormal findings
on MR and other imaging modalities in children following
lumbar puncture.
MATERIALS & METHODS
Patients were identified via a radiology report word search
program. Images were evaluated by five neuroradiologists
and one neuroradiology fellow.
RESULTS
We demonstrate the appearance of fluid tracking along fascial planes following routine lumbar puncture (LP) and
report several interesting and rare cases, showing salient features of lumbar puncture complications observed over a period of 6 years in a tertiary children hospital. Imaging features
of complications such as intracranial hypotension, pachymeningeal enhancement, infections, and spinal cord complications are shown.
CONCLUSION
Even though neuroradiologists perform fewer myelograms
than previously, we continue to report on the complications
of lumbar puncture performed by neuroradiologists, clinicians, and anesthesiologists. Neuroradiologists should be
cognizant of the normal and abnormal findings related to the
procedure.
KEY WORDS: Lumbar puncture, normal findings, complications
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Open versus Closed Spinal Dysraphism: Prenatal
Combined Imaging Findings
Kadom, N. · Vezina, G. · Bulas, D.
Children's National Medical Center
Washington, DC
PURPOSE
Evaluate accuracy of prenatal ultrasound and MR imaging of
spinal dysraphism.
MATERIALS & METHODS
MR imaging and US was performed on 14 patients prenatally. Postnatal imaging data were available in 11 patients. Fetal
ultrasound was obtained on a Philips HDI 5000 IU 22. Fetal
MR imaging was performed on a GE 1.5 T magnet.

RESULTS
Five patients were diagnosed with an open spinal dysraphism; all of them were myelomeningoceles in association
with Arnold-Chiari II malformation (ACM). Six cases of
closed spinal dysraphism had no ACM: Four meningoceles,
one lipomyelomeningocele, and there was one termination.
Difficulty in interpreting the prenatal study results occurred
in two patients: one had either myeloschisis or
myelomeningocele, the other had lipomyelomeningocele or
meningocele.
CONCLUSION
Prenatal ultrasound and MR imaging are valuable tools in
establishing a prenatal diagnosis of spinal anomalies. It is
important to differentiate open from closed spinal defects, as
the outcome and therapy can be quite different. In the case of
ACM with myelomeningocele caretakers need to be counseled about potential impact of this disorder on child development and future care requirements. Recently, fetal surgery
has been performed on open defects in the hope of reducing
the need for ventriculoperitoneal shunting. In our cohort,
five patients with ACM and associated myelomeningocele
were identified correctly with combined prenatal imaging.
Children with spinal dysraphism without associated ACM
have significantly better prognosis. The diagnosis of a closed
spinal defect without associated ACM was established correctly by combined prenatal imaging in all six patients. Of
special interest are the patients in which the diagnosis was
not quite clear from prenatal imaging. In one patient with
ACM it was difficult to differentiate between myeloschisis
and myelomeningocele. Identification of the thecal sac within a dysraphic defect can be difficult, particularly when flattened against the uterus. The other two patients had no ACM.
In patients without ACM spinal defects are typically skin
covered. Skin thickness should be assessed on prenatal
imaging, although no normal measurements are currently
reported in the literature. In our experience, myelomeningocele membranes were quite thin, while skin-covered sacs had
a brighter rim. The widened sac distally with thick placode
helped suggest a lipomyelomeningocele over a meningocele
in one of the two patients. In the second patient the findings
on prenatal ultrasound were suggestive of ACM with
myelomeningocele, and fetal surgery was considered.
Subsequent fetal MR imaging at our institution did not confirm ACM. It was important to note in this case with ambiguous findings of the posterior fossa that the sac overlying the
spinal dysraphism was thick and thus suggestive of a skincovered defect for which the patient received elective postnatal surgery. The final diagnosis was a meningocele; the
patient also developed hydrocephalus requiring shunting and
there were minor structural posterior fossa abnormalities on
postnatal imaging. With the advent of fetal surgery for
myelomeningocele repair it becomes more critical to depict
various types of open and closed spinal defects. The presented cases demonstrate the usefulness of fetal ultrasound and
MR imaging in establishing a reliable diagnosis.
KEY WORDS: Dysraphism, fetal, MR imaging
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MR Imaging Detection and Characterization of
Malformations of Cortical Development in Olmsted
County: A Population-Based Cohort

Single Voxel Proton MR Spectroscopy in Rett Syndrome:
Effects of Age and Clinical Correlations

Krecke, K. N. · Buchhalter, J. R.
Mayo Clinic
Rochester, MN
PURPOSE
The first aim is to provide the types of MCDs found in a population-based sample in Olmsted County, MN, USA.
Secondly, to retrospectively determine the most effective
pulse sequence(s) and plane(s) of section to best identify
MCDs in this population.
MATERIALS & METHODS
Our institution's database of brain MR imaging diagnoses
was interogated for radiologic diagnostic codes for congenital abnormality or tuberous sclerosis. Study group inclusion
criteria required prospective diagnosis of MCD and patient
residence in Olmsted County at the time of exam. Findings
with a differential diagnosis including MCD were not
included. Original films were reviewed. Consensus was
reached on presence, location, and classification of each
patient's MCD as well as the best pulse sequence and plane
demonstrating the MCD. Patient demographic material also
was recorded.
RESULTS
One hundred and thirty-eight patients were identified initially, yielding 33 who met all inclusion criteria. There were no
false positives. Thirty-three percent of patients had malformations of abnormal proliferation: 3 megencephaly, 6 tuberous sclerosis, 1 focal cortical dysplasia and 1 transmantle
dysplasia. Fifty-two had malformations of abnormal migration: 16 periventricular heterotopias (8 bilateral) and 1 classical lissencephaly. Fifteen percent had malformations of
abnormal organization: 5 polymicrogyria/schizencephaly
complex (2 bilateral). In tuberous sclerosis patients, T2weighted FLAIR images were most useful (100%). In the
non-TS patients, T1 3DGRE sequence was the most valuable
in 84% of patients and the oblique coronal plane was most
valuable in 69%.
CONCLUSION
In a community-based practice, coronal thin-section T1weighted images are the most valuable for detecting and
characterizing typical MCDs.
KEY WORDS: Malformations of cortical development, MR
imaging
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PURPOSE
Rett syndrome (RTT) is a disabling neurodevelopmental Xlinked disorder affecting primarily girls. Previous neuroimaging and spectroscopy studies have shown preferential
involvement of the frontal lobes and white matter. The goal
of this study was to evaluate the relationship between tissue
metabolism and clinical features of RTT patients, using proton MR spectroscopy (MRS) in frontal white matter.
MATERIALS & METHODS
Thirty-five girls diagnosed with RTT (mean age 6.5, range
1.1-13.9 years) and eight healthy girls (mean age 10.6, range
6.4-14 years) were examined. Single voxel proton MRS (left
frontal white matter, 8 ml voxel size, PRESS: TR/TE =
1500/30 ms) was performed at 1.5 T. Using the LCModel,
metabolite ratios relative to total creatine (Cr) were calculated for N-acetyl aspartate (NAA), myo-inositol (mI), glutamate (Glu), and total choline (Cho). Regression analysis was
used to evaluate the age-related differences in metabolite
levels. ANOVA was applied to examine the effect of genetic
and clinical findings (seizures, hyperventilation, and gait
abnormalities) on metabolite ratios in RTT compared to controls. Fisher’s LSD method was used for posthoc analyses.
Significance level was set to p < 0.05.
RESULTS
NAA/Cr decreased by 33% and mI/Cr increased by 195%
over the examined age range (14 years) in RTT (both p <
0.01), while both NAA/Cr and mI/Cr were stable in controls.
On average, the only group difference between RTT and
controls detected was a 74% higher mI/Cr ratio in RTT.
There were trends (n/s) for higher Glu/Cr and lower NAA/Cr
ratios in RTT patients compared to controls. The effect of
presence or absence of seizures on metabolite ratios is presented in the Table. No effect of gait abnormalities or hyperventilation status on metabolite ratios was observed.
Metabolite ratios (mean ± SD)
N
Cho/Cr
Glu/Cr
mI/Cr
NAA/Cr
Seizures: present 0.27±0.06 1.05±0.46 0.94±0.56‡ 1.15±0.28*‡ 13
absent
0.32±0.08 1.26±0.31 0.79±0.38‡ 1.36±0.20 22
Average Patients 0.30±0.08 1.20±0.41 0.87±0.49 1.28±0.27 35
Controls 0.28±0.08 1.09±0.17 0.50±0.19 1.41±0.25
8
Post-hoc: *p<0.05 (Seizures present vs. absent), ‡ p<0.05 (RTT vs. controls).

CONCLUSION
The age-related decrease in NAA/Cr and increase in mI/Cr
are novel findings suggestive of progressive axonal damage
with accompanying gliosis in patients with RTT. These
results, which show a progressive change in metabolite
ratios, do not, however, correlate with the “clinical plateau”
that is commonly observed in later stages of RTT. The trend
for higher Glu levels, and previously the detected increased
glucose utilization in the frontal lobe by PET, is suggestive
of increased glutamate-glutamine cycling at the synapses
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and astrocytes in RTT. Lower NAA/Cr in patients with
seizures may be consistent with seizure-related axonal loss
or dysfunction in RTT. In summary, this study, which
includes the largest number of RTT patients studied by MRS
to date, indicates that MRS may be a valuable tool for the
understanding of the pathophysiology of RTT, and its relationship to neurologic involvement. In the future, MRS also
may have a role in therapeutic follow-up in RTT.

Poster 202

CONCLUSION
Diffusion tensor imaging in Rett patients showed differences
in fractional anisotropy and trace values in major white matter tracts when compared to normals. Left forceps minor and
left cerebral peduncle appear to be more affected than the
corresponding regions in the right hemisphere, which might
explain reversal of right handedness to left handedness over
the course of the disease in Rett patients. Genu of the corpus
callosum also is affected more than splenium. Our DTI findings, suggesting preferential involvement of specific white
matter tracts in Rett patients might indicate regions of vulnerability that could be target to treatment strategies in the
future.

Diffusion Tensor Imaging Findings in Rett Patients

KEY WORDS: DTI, Rett syndrome
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PURPOSE
Cerebral volume loss in Rett patients was attributed to be
due to a decrease in neuronal cell body size and dendritic
arborizations, particularly in cortical gray matter with relative preservation of axons and myelin. However recent neuropathologic studies have suggested axonal pathology and
our recent MR spectroscopic study also has shown more
decreased levels of neuronal marker NAA in cortical white
matter than gray matter. The purpose of our study is to investigate the involvement of specific cerebral white matter
tracts in Rett patients by using diffusion tensor imaging
(DTI).
MATERIALS & METHODS
Twenty Rett patients (age range 2.5 to 15.5 years with a
mean age of 6.0 years) and six controls (age range 5.0 to 10.0
years with a mean age of 10.0 years) were examined.
Diffusion tensor imaging data were acquired at 1.5 T by
using a single-shot echo-planar imaging sequence with the
sensitivity encoding (SENSE), parallel imaging scheme
(reduction factor, 2.5). Scanning parameters were: 96 x 96
image matrix, zero filled to 256 x 256, 2.5 mm slice thickness, no gap, 30 independent orientations and b max of 700
mm2/sec. Fifty slices were used to cover the entire brain.
The DTI data were corrected, processed, and analyzed with
in-house softwares (DtiStudio and DSX). Color-coded DTI
maps were used to select the regions of interest; fractional
anisotropy (FA) and trace were measured in 9 tracts in both
hemispheres. Unpaired t-test was used for group comparisons and paired t-test for comparisons between the hemispheres and comparisons of anterior to posterior regions.
RESULTS
Genu of the corpus callosum showed a 7% decrease in FA in
Rett subjects compared to normals (p = 0.008). In Rett
patients, trace was higher in the left cerebral peduncle
(0.0030 left vs 0.0027 right, p < 0.001) and FA was lower in
forceps minor in the left hemisphere (0.408 ± 0.003 left vs
0.509 ± 0.002 right, p < 0.001). Also, in the Rett group, anterior internal capsule showed decreased FA and increased
trace compared to posterior internal capsule but no differences in FA were observed between genu and splenium.
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Limited MR Imaging of the Brain as an Alternative to
CT of the Head: A Retrospective Study
Aribandi, M. · Nickles, T. P. · Johnson, T. B. · Wu, I. ·
Hoffman, S. · Conca, D. M.
Geisinger Medical Center
Danville, PA
PURPOSE
CT of the brain, although less expensive than an MR image
of the brain, has less sensitivity and specificity than an MR
scan and involves ionizing radiation. If a Limited MR study
can be performed, using limited number of sequences, in less
than half the usually required time to perform a complete
MR imaging of the brain, the cost could be comparable to
that of a CT scan of the head. If such a Limited MR imaging
of the brain can yield equal or better information than a CT
of the brain it could lead to better diagnosis, potential cost
savings in addition to removing the exposure to radiation.
Our study was designed to see the results of such an alternative.
MATERIALS & METHODS
This is a retrospective study. One hundred patients who had
both CT and MR imaging of the brain performed within a
30-day interval were selected. The CT of the brain and
Limited MR imaging of the brain were reviewed, in separate
sittings, by two neuroradiologists. The Limited MR imaging
consisted of axial T1-, T2-weighted, DWI, and ADC map
images. Both CT and Limited MR imaging were without
contrast enhancement. The radiologists also were asked to
recommend a complete MR imaging for follow up of any
findings if deemed necessary. Final interpretation was
arrived at by consensus between the two neuroradiologists.
The gold standard final diagnosis was arrived at by review of
the complete MR imaging, clinical presentation, and clinical
follow-up notes. Data subsequently were analyzed to yield
the sensitivity and specificity of each technique.
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CONCLUSION
A Limited MR imaging of the brain can yield significantly
better results than a CT scan, for a similar cost of the study.
There also could be substantial cost savings by decreasing
additional diagnostic work up and there is no exposure to
ionizing radiation.

RESULTS
The improved shimming technique as well as the new saturation bands allowed to obtain reproducible water linewidths
of 7 to 10 Hz. Additional saturation bands at the top and bottom of the voxel helped to saturate signal stemming from
pulsatile flow. Figure1a shows the voxel placement and
spectrum from the patient with multiple sclerosis, demonstrating slightly reduced NAA as well as increased myoinositol and lactate compared to a healthy spectrum from this
region. Note that the MS plaque did not cover the whole volume of interest. Figure 1b shows the spectrum obtained in a
cord volume covering a metastasis from a glioblastoma,
demonstrating almost complete loss of NAA, high levels of
alanine and lactate, as well as slightly elevated choline levels.

KEY WORDS: Limited MR imaging, CT, brain
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Improved MR Spectroscopy of the Spinal Cord
Henning, A.1 · Schaer, M.1 · Kollias, S. S.2 · Boesiger, P.1 ·
Dydak, U.1
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2

PURPOSE
Proton MR spectroscopy (MRS) of the spinal cord can provide valuable diagnostic information in a completely noninvasive way. Although MRS of the spinal cord remains challenging, first results in the healthy cerebral spinal cord as
well as in cord lesions have been promising (1, 2). In this
work we demonstrate an improvement of spectral quality by
combining improved outer-volume suppression bands, based
on quadratic-phase (QPP) and higher-order-phase (HOPP)
saturation pulses, with localized higher-order shimming,
based on high-resolution cardiac-triggered B0 mapping.
MATERIALS & METHODS
Single voxel spectroscopy was performed in the cerebral
spinal cord of a patient with multiple sclerosis and in the thoracic spinal cord of a patient with a metastasis and were
compared to spectra from corresponding healthy cord
regions. Measurements were performed on a 3 T Philips
Achieva system with a dedicated spine coil. PRESS localization was slightly over-prescribed with outer volume QPP
and HOPP suppression bands (3), resulting in effective voxel
sizes of 0.7 ml and 1.134 ml, respectively. Localized secondorder shimming based on high-resolution ECG-triggered B0
mapping was applied prior to the MRS measurement. ECG
triggering also was performed during the MRS acquisition.
Five hundred and twelve averages were acquired with a TR
≥ 2000 ms and TE = 43 ms in the MS case and TE = 144 ms
in the tumor case.

CONCLUSION
Peak linewidth in MRS of the spinal cord can be improved
significantly by localized higher-order shimming using highresolution ECG-triggered B0-maps. In addition, using higher-order-phase and quadratic-phase saturation bands surrounding the volume of interest in all dimensions further
improves the spectral quality.
REFERENCES
1. Cooke FJ, et al. MRM 2004;51:1122-1128
2. Dydak U, et al. ASNR 2005;353
3. Schulte RF, et al. JMR 2004;166:111-122
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RESULTS
CT diagnosed correctly in 62 of the patients (sensitivity of
0.49 and specificity of 0.71). Limited MR imaging correctly
diagnosed in 91 patients (sensitivity of 0.90 and specificity
of 0.92). Disease prevalence for the study was 0.41. A complete MR imaging was recommended in 45% patients after
CT interpretation while it was recommended in 12% of
patients after a limited MR imaging interpretation.
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In Vivo Structural and Functional Imaging of the Mouse
Spinal Cord Using Manganese-Enhanced MR Imaging
Essig, M. · Klussmann, S. · Martin-Villalba, A. · Bock, M. ·
Stieltjes, B.
German Cancer Research Center
Heidelberg, GERMANY

ment proximal to the lesion site may correlate with dying
back of axons. Decrease to baseline levels may indicate a
near total loss of functional neurons at these levels.
Correlation with histology supports this hypothesis.
REFERENCES
1. Demjen D, et al. Nat Med 2004;10(4):389-395
2. Aoki I, et al. Neuroimage 2004;22(3):1046-1059

KEY WORDS: Spinal cord injury, apoptosis, manganese
PURPOSE
Recent developments in treatment of spinal cord injury (SCI)
in mice have shown promising results of functional recovery
(1). However at present no in vivo method for functional
visualization of SCI is available. Manganese can serve as
MR imaging contrast agent for neuronal activity in the cerebrum in mice (2). Here we describe a setup for manganeseenhanced MR imaging (ME MRI) for imaging of the spinal
cord (SC) in mice. We studied the time course of manganese
enhancement in the SC after intraventricular injection and
studied the differences of manganese uptake in the SC
between injured and noninjured mice.
MATERIALS & METHODS
Ten mice were laminectomized at level Th 8/9 and SC was
transected leaving only the ventral funiculus intact. Ten nonoperated mice served as control: five without manganese
injection and five with injection. One nonoperated injected
mouse was used for a time series at 0, 12, 24, 36, 72 and 120
hours after injection. Two hundred and fifty nl 0.8 mM
MnCl2 was injected bilaterally in the lateral ventricle using
an oocyte injector. Contrast agent was applied on the day of
operation after the OP procedure. Imaging was performed 3
days after injection of MnCl2. MR imaging experiments
were performed using a 1.5 T clinical scanner (Siemens symphony, Erlangen, Germany) and a dedicated animal volume
resonator using a 3D FLASH imaging sequence with following parameters: TR/TE 14.0/5.22 ms, flip angle 30º, 28
partitions, partition thickness: 0.5 mm, FOV 80 mm, matrix
size 512 x 512, voxel size 0.15 x 0.15 mm, 32 averages.
Total imaging time 60 minutes. Images were evaluated using
the scanner software package (Syngo, Siemens, Erlangen,
Germany). The SC was outlined and mean signal was calculated. A second ROI was placed outside the animal contours
for noise measurement. Mean SNR and standard deviation
(SD) were calculated.
RESULTS
After 2-3 days we found a homogeneous enhancement in the
SC lasting for 36 hours after which a slow washout starts.
Uninjured animals display a homogeneous SNR of about 18
without and 36 with contrast agent throughout the SC.
Proximal to the injury, injured mice show SNR comparable
to noninjured mice. Moving further distal towards the lesion
SNR gradually drops reaching background levels just at the
lesion site.
CONCLUSION
We report of an in vivo method for structural and functional
spinal cord imaging in mice using ME MRI. Manganese was
taken up readily and transported through the spinal cord
though means of uptake and transportation need to be elucidated. Changes in manganese uptake profiles when comparing injured and healthy mice suggest a function-dependent
decrease in uptake in the injured mice. Decrease in enhance-
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Diffusion Tensor Imaging of Normal-Appearing Spinal
Cord in Elderly
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PURPOSE
Like the brain, the spinal cord contains many sensory and
motor pathways that can be visualized with diffusion tensor
imaging (DTI). The DTI technique measures the self-diffusion, or random thermal motion, of the endogenous water in
nerve tissue. Our objective was to evaluate quantitative DTI
values of the spinal cord in an older patient population with
normal-appearing spinal cord and without spinal cord symptoms.
MATERIALS & METHODS
Diffusion tensor measurements of the cervical spinal cord
were performed on 17 patients referred for degenerative
spinal disease. All patients had a normal-appearing spinal
cord on MR imaging and none had clinical spinal cord symptoms. The mean patient age was 50.3 +/-10.8 years.
Acquisition parameters were: TR: 10.4 s; TE: 100 ms; number of slices: 60; b: 700 s/mm; TA: 12'18"; diffusion measurements in 60 directions. The cervical spinal cord was
selected by manual delineation of a region of interest (ROI)
on all axial DTI slices. The data were analyzed using a propriety software tool (“ExploreDTI”) developed at our institution. Fiber tracking was performed using different values
of fractional anisotropy (FA) for seed point selection and
also to end fiber tracking. The mean FA and mean diffusivity (MD) were calculated for the entire cervical spinal cord.
RESULTS
A mean FA of 0.572 +/- 0.024 was found with parameter settings of an FA of 0.7 for seed point selection and an FA of 0.3
to stop tracking. Under the same conditions a mean MD of
1.08 +/- 0.08 10-3 mm2/s was found. Figure 1 is an illustration of the result of DTI-fiber tracking of the cervical spinal
cord in an elderly subject.
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RESULTS
The relative ratios of metabolites for the normal volunteers
versus patients with spondylosis were: NAA/Cr ratios 2.08 ±
0.34 and 0.99 ± 0.29 (P < 0.05) respectively, Cho/Cr ratios
1.24 ± 0.36 and 1.45 ± 0.55 (p = 0.21) respectively, Ins/Cr
ratios 0.75 ± 0.43 and 0.52 ± 0.36 (p = 0.27) respectively,
and Cho/NAA 0.62 ± 0.24 and 1.51 ± 0.61 (p < 0.05) respectively. There was a statistically significant decrease in
NAA/Cr ratio and elevation in Cho/NAA in symptomatic
patients with spondylosis.

CONCLUSION
Fractional anisotropy values of the cervical spinal cord in
our patient population are lower than other values published
in the literature. We postulate that this might be related to
patient age. Studies in the brain showed a decrease of FA in
older people (1).
REFERENCES
1. Salat DH, Tuch DS, Greve DN, van der Kouwe AJ, Hevelone
ND, Zaleta AK, Rosen BR, et al. Age-related alterations in
white matter microstructure measured by diffusion tensor
imaging. Neurobiol Aging 2005;26(8):1215-1227
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CONCLUSION
The study suggests that changes in metabolite ratios can be
detected in patients with cervical spondylosis before the typical signal cord changes are seen on T2-weighted images.
The decrease in NAA is thought to be due to early neuronal/axonal compromise and the increase in Cho felt to represent increased membrane turnover secondary to early
demyelination or glial proliferation changes.

Metabolite Changes from MR Spectroscopy in the
Cervical Spinal Cord in Patients with Cervical
Spondylosis

Acknowledgment: The pulse sequence was provided by Jan
Ruff, PhD Siemens Medical Solutions, Inc., Erlangen,
Germany.
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PURPOSE
Neurosurgical triage of patients with cervical spondylosis is
highly dependent on demonstrating abnormal spinal cord
signal at conventional MR imaging; however, changes in
spinal cord function and clinical symptomatology precede
findings of abnormal cord signal. The purpose of this study
is to compare metabolite ratios from the cervical cord of normal volunteers with measurements in patients with cervical
spondylosis.

In Vivo MR Spectroscopy in the Human Cervical Spinal
Cord at 1.5 and 3 T

MATERIALS & METHODS
We obtained single voxel spectra at 1.5 T using MAGNETOM systems (Siemens Medical Solutions, Erlangen,
Germany) from six normal volunteers and eight patients with
cervical spondylosis. The 1H SVS protocol uses a modified

Rapalino, O. A.1 · Law, M.1 · Salibi, N.2 · Babb, J. S.1 ·
Hesseltine, S. M.1 · Gonen, O.1
1

New York University Medical Center, New York, NY,
Siemens Medical Solutions USA Inc., Malvern, PA

2

PURPOSE
Obtaining spectra from the spinal cord at 3 T is challenging
because of cord pulsation, field inhomogeneity, and small
structure of the cord. There are few reports in the literature
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PRESS sequence, allowing the use of 5 mm voxels as well
as pulse/ECG triggering. The measurements were acquired
with TE = 30 ms, 256 averages, voxel size = 5 x 7 x 30 mm,
weak water suppression, a vector size of 256 and pulse triggering with average TR values of 590 ms. After placing a
small voxel in the target region of the upper cervical spinal
cord (posterior to the C3 vertebral body), an automated shim
was performed, followed by manual shimming if needed.
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of normal MR spectroscopic values for in vivo evaluation of
the cervical cord. We compare metabolite ratios from the
human cervical spinal cord at 1.5 and 3 T.
MATERIALS & METHODS
We investigated 20 control subjects on a 1.5 T MAGNETOM Avanto™ ( Siemens Medical Solutions, Erlangen,
Germany) and on a 3 T MAGNETOM Trio™. The 1H SVS
protocol uses a modified PRESS* sequence, allowing a minimum voxel size of 5 mm, pulse/ECG triggering as well as
outer volume saturation. Measurements were acquired with
TE = 30 ms, 256 averages, voxel size = 5 x 7 x 30 mm, weak
water suppression, a vector size of 256, and pulse triggering,
with a TR = 590 ms. After positioning a small voxel in the
target region of the upper cervical spinal cord (posterior to
the C3 vertebral body) an automated shim was performed,
followed by manual shimming if needed. As expected
metabolite peaks in the pulse triggered spectra were narrower than corresponding peaks in the nontriggered spectra and
yielded adequate resolution for the calculation of metabolite
ratios.
RESULTS
The average calculated relative ratios of metabolites at 3 T
and 1.5 T are as follows: The NAA/Cr ratios are 1.73 ± 0.63
and 2.08 ± 0.35 (p = 0.28); Cho/Cr ratios are 1.05 ± 0.25 and
1.24 ± 0.36 (p = 0.39); Ins/Cr ratios are 0.73 ± 0.37 and 0.75
± 0.43 (p = 0.96); and the Cho/NAA are 0.63 ± 0.12 and 0.62
± 0.24 (p = 0.94).

CONCLUSION
Using a modified pulse triggered PRESS sequence, relative
metabolite ratios from MRS of the human cervical spinal
cord are comparable and reproducible at 1.5 T and 3 T.
Quality of the data was improved by selection of an appropriate voxel size and by accurate positioning relative to the
cord thickness and surrounding vertebrae, as well as by
using pulse triggering.
Acknowledgment: The pulse sequence was provided by Jan
Ruff, PhD Siemens Medical Solutions, Inc., Erlangen,
Germany.
KEY WORDS: MR spectroscopy, spinal cord
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Diffusion-Weighted Imaging of the Spine with a NonCPMG Single-Shot Fast Spin-Echo Sequence: Initial
Experience
Öner, A.1 · Tali, T.1 · Celikyay, F.1 · Celik, A.2 · Le Roux, P.3
1

Gazi University School of Medicine, Ankara, TURKEY,
GE Medical Systems, Istanbul, TURKEY, 3GE Medical
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2

PURPOSE
To prospectively evaluate the improvement in the signal to
noise ratio (SNR), with the use of a newly developed nonCarr-Purcell-Meiboom-Gill (non-CPMG) single-shot fast
spin-echo (ssFSE) sequences, in the diffusion- weighted
imaging (DWI) of the spine and its affect on apparent diffusion coefficient (ADC) measurements.
MATERIALS & METHODS
Sixteen patients (9 normal, 3 spondylodiskitis, 4 metastases)
were enrolled in this study. Diffusion-weighted images of the
spine were obtained with an echo-planar (EPI) DWI sequence,
followed by a non-CPMG ssFSE DWI technique. Non-CPMG
ssFSE DWI images were acquired twice with 1 and 6 signal
averaging in all patients. Two radiologists assigned an image
quality score in consensus for each data set. Siganl to noise
ratio and ADC values were measured over a lesion-free vertebral corpus in all series. When a vertebral lesion was present
contrast to noise ratio (CNR) and ADC were also measured.
Student t tests were used for statistical analysis.
RESULTS
Mean SNR values of the vertebrae were respectively 5.82 ± 2.22;
11.68 ± 2.86 and 24.31 ± 7.35 for EPI DWI, non-CPMG FSE
DWI with 1 signal averaging and non-CPMG ssFSE DWI with 6
signal averaging. Signal to noise values associated with nonCPMG ssFSE techniques were found to be significantly higher
than those measured with the EPI-based DWI technique (p <
0.01). Mean ADC of the vertebrae were 0.53 ± 0.15 x 10-3 mm2/
sec , 0.35 ± 0.14 x 10-3 mm2/ sec and 0.3 ± 0.12 x 10-3 mm2/ sec
for EPI DWI, non-CPMG ssFSE DWI with 1 signal averaging
and 6 signal averaging, respectively. No significant difference
was found among the two non-CPMG ssFSE DWI sequences for
ADC measurement (p > 0.05); whereas ADC measurements
obtained with echo-planar DWI were found to be significantly
higher than both non-CPMG ssFSE DWI techniques. Image
quality scores were found to be higher in both non-CPMG ssFSE
DWI techniques, compared to the EPI-based DWI sequence.
CONCLUSION
The use of the newly developed non-CPMG ssFSE technique, with
its reduced susceptibility artifacts and increased SNR, provides a significant improvement to current EPI-based DWI of the spine and
may be useful as a supplementary tool to conventional MR imaging
for increasing diagnostic confidence in spinal pathologies.
KEY WORDS: Diffusion-weighted imaging, spine, nonCPMG FSE
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“Filum Sign” of a Small Lumbar Myxopapillary
Ependymoma

Posters

Ho, T.1 · Lee, H.2 · Chen, W.1 · Lee, K.1
Changhua Christian Hospital, Changhua, TAIWAN
REPUBLIC OF CHINA, 2University of Medicine and
Dentistry of New Jersey/New Jersey Medical School,
Newark, NJ.
1

PURPOSE
Lumbar myxopapillary ependymoma almost exclusively
appears at the conus medullaris or filum terminale. These
tumors usually become very large because of relatively mild
clinical symptoms, allowing significant tumor growth before
an imaging study is ordered. We report a case of small myxopapillary ependymoma arising from the filum terminale
that shows a “filum sign” on the axial MR T2-weighted
images which helps to indicate the tumor’s anatomical origin.
MATERIALS & METHODS
The patient was a 23-year-old man who had a chronic history of gastrointestinal malfunction including symptoms of
frequent defecation, loose stool, and occasional abdominal
cramping pain. He had suffered from a sudden onset low
back pain while bending forward to pick up an object. He
experienced difficulty in urination and defecation as well as
numbness and burning sensation in the lower extremities
after that trauma like event. MR imaging of lumbar spine
was performed under the impression of spinal trauma.
Contrast medium enhancement was added after a nodular
intradural tumor of lumbar spine was found. The accidentally discovered tumor was later surgically removed and
histopathology showed typical myxopapillary ependymoma
of the filum terminale.
RESULTS
Sagittal T2-weighted images and contrast-enhanced T1weighted images showed a well enhanced, intradural, nodular tumor located in the L1 level, just below the conus
medullaris. The tumor size was about 20 x 12 x 10 mm.
Axial T2-weighted images showed that the tumor can be
“traced” caudally to the centrally located filum terminale. In
the sections caudal to the tumor the cerebrospinal fluid space
around the filum terminale became wide. The bilateral cauda
equina nerve roots were equally displaced to both sides. We
call this “filum sign” which indicates that the tumor arises
from the filum terminale rather than from the cauda equina
nerve roots.

CONCLUSION
Anatomical localization is the basis of predicting the pathology and is an important step of imaging diagnosis.
Myxopapillary ependymoma of the filum terminale rarely is
found and diagnosed correctly when it is small. It can mimic
other small tumors of cauda equina such as neurofibroma,
schwannoma, and epidermoid. We believe the “filum sign”
can help in the anatomical localization of such a case and
thereby help making a correct imaging diagnosis.
KEY WORDS: Myxopapillary ependymoma, lumbar, filum
terminale
Poster 211
Intrathecal Gadolinium-Enhanced MR Cisternography
Showing Dural Leakages and Cerebral Spinal Fluid
Fistula in Spontaneous Intracranial Hypotension
Associated with Behcet Syndrome
Albayram, S. · Gunduz, A. · Saip, S. · Gulsen, F. · Kýlýc, F. ·
Islak, C. · Kocer, N.
Cerrahpasa Medical School
Istanbul, TURKEY
PURPOSE
We present a case of spontaneous intracranial hypotension
(SIH) associated with Behcet’s disease. Intrathecal gadolinium-enhanced MR cisternography was the diagnostic modality of choice to demonstrate dural tears in this case.
MATERIALS & METHODS
Case Report: A 32-year-old woman admitted with headache
which had been continuing for 4 years and undulating motor
and sensorial symptoms of left upper and lower extremities
which she had had for 5 years. Holocephalic, throbbing
headache was unbearable especially in upright position,
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improved in recumbent position. Weakness in left upper and
lower extremity was accompanied with radicular pain when
she was in upright position disturbing daily living activities.
She was diagnosed as Behcet’s syndrome because she had
oral afts, 2 genital scars, and acneiform skin lesions.
Extensive biochemical investigations including vasculitis
panel were normal. Cerebrospinal fluid was clear, colorless,
and acellular with normal opening pressure, glucose, and
protein content. Visual evoked potentials were normal but
tibial somatosensory evoked potentials were abnormal.
Cranial MR imaging was totally normal, cervical MR imaging disclosed engorgement of epidural venous plexus. Since
she had venous engorgement in cervical region we suspected of intracranial hypotension. Informed consent was
obtained and intrathecal gadolinium-enhanced MR cisternography was performed to manifest exact localization
and morphology of dural tear.
RESULTS
MR cisternography was performed at the level of L4-L5 and
22 G spinal needle was used. Loss of dural sac integrity and
dural leakage were detected on MR cisternography at the
level of right side of lomber region. Contrast material
extravasation from subarachnoid space into epidural area
and paravertebral region were noted (Fig 1). Because her
complaints did not regress with sypmtomatic teratment,
epidural blood patch was applied with 35 cc blood.

Poster 212
New Proposal for Increasing Vertebroplasty Cement
Resistance and Elasticity Using Carbonium Nanotubes
Salvati, F. · Simeoni, M. · De Luca, C. · Picozzi, S. ·
Limbucci, N. · Catalucci, A. · Gallucci, M. · Masciocchi, C.
University of L'Aquila
L'Aquila, ITALY
PURPOSE
To assess the modifications of mechanical capabilities of
polymethylmethacrylate (PMMA) after manipulation of its
reticulum with carbonium nanotubes (CNT), in order to
make the physical characteristics of vertebroplasty cement
more similar to those of normal bone.
MATERIALS & METHODS
The preliminary test, performed in the field of computational physics, was made mixing conjugate organic polymers
with CNT, with a 1:1 ratio. We used easy-to-synthesize polymers: PPP [poly (para-phenylene)], and PBZ, [poly (paraborazylene)], that are very similar to PMMA. Mechanical
characteristics of the composite CNT/polymer were evaluated.
RESULTS
Our results show that elastic constants of the new systems
have the same order of magnitude of the isolated nanotube,
therefore they are much higher than those of the polymer
matrix. Order of magnitude is 1 Tpa, very similar to those of
graphites (1.06 Tpa), but much higher than that of aluminum
(70 Gpa) or other carbonium fibers (700 Gpa). Further
mechanical peculiarity of nanotubes is a strength/weight
ratio 500 times higher than aluminum. Polymers modified
with CNT, therefore, can resist considerable mechanical
loads; moreover, they can acquire their originary shape once
the pertubation has been removed.
CONCLUSION
Because of the encouraging results, our efforts are directed
toward the research of a polymeric material with different
mechanical and physical characteristics in respect to commercially available vertebroplasty cements, in order to avoid
late complications.
KEY WORDS: Vertebroplasty, cement
Poster 213

CONCLUSION
The headache of patient was fully recovered, and she was
able to carry out daily activities 2 days later. One year after
the treatment, headache was totally absent, motor strength
had fully recovered; there was no sensorial deficit or clonus.
SEP was normal.
KEY WORDS: Intracranial hypotension, intrathecal gadolinium, Behcet syndrome

Oxygen-Ozone Chemodiskolysis (O2-O3) versus Steroids
and Anesthetic Injection in the Treatment of Acute
Sciatica
Limbucci, N. · Salvati, F. · Gismondi, G. · Catalucci, A. ·
Gallucci, M. · Masciocchi, C.
University of L'Aquila
L'Aquila, ITALY
PURPOSE
To assess the clinical efficiency of intraforaminal and
intradiskal injection of a combination of steroids, local anesthetic, and oxygen-ozone (O2-O3) mixture (chemodiskolysis)
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vs intraforaminal and intradiskal injection of steroids and
anesthetic in the management of radicular pain related to
acute lumbar disk herniations.

ischemic-necrotic changes inside the epidural mass (arrow),
presumably related to PMMA embolization of vertebral
tumoral supply.

Posters

MATERIALS & METHODS
One hundred and fifty-nine consecutive patients entered the
study, and were randomly assigned to two groups. All
patients had radicular pain congruous with acute lumbar disk
herniation and resistant to conservative therapy. Seventyseven patients (group A) underwent intradiskal and
intraforaminal injection of steroids and anesthetic. Eightytwo patients (group B) underwent the same treatment with
the addition of O2-O3 mixture injection. Procedures were performed under CT guidance using a spinal needle (22 G). We
administered Oswestry pain questionnaire before treatment
and during 6-month follow up. Patients and clinicians who
tested them were blinded as to which treatment patients
underwent.
RESULTS
In group A, treatment was successful in 36 patients (46.7%)
after 6 months, while in group B treatment was successful in
61 patients (74.4%) after 6 months. The difference between
group A and group B was significant (P < 0.01). No complications were reported.
CONCLUSION
Intraforaminal and intradiskal injection of steroids, anesthetics, and O2-O3 is more effective than the injection of only
steroids and anesthetics in the same sites. Oxygen-ozone
chemodiskolysis results in a useful tool for treatment of pain
and sciatica caused by acute lumbar disk herniation.
KEY WORDS: Oxygen-ozone chemodiskolysis (O2-O3), sciatica
Poster 214
Extravertebral Tumor Necrosis after Vertebroplastic
Procedure

CONCLUSION
Epidural neoplastic masses in contact with spinal cord do not
seems to preclude VB procedure without complication.
KEY WORDS: Vertebroplasty, tumor, regression
Poster 215
Sacroplasty by CT and Fluoroscopic Guidance: Is the
Procedure Right for My Patient?
Strub, W. M.1 · Ernst, R. J.2
1

University of Cincinnati, Cincinnati, OH, 2The Christ
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PURPOSE
Epidural extension of vertebral neoplasm has been considered to be a potential risk when a vertebroplastic (VB) procedure is performed, because of the possibility to push the
mass against the cord. Our purpose was to verify the risk of
paravertebral mass extrusion secondary to VB procedures in
patients affected by primary or secondary vertebral tumors.
MATERIALS & METHODS
From September 2001 to October 2005, 478 VB procedures
were performed, 212 occurring in neoplastic patients. In
12/212 patients, evident epidural mass, with contact and/or
compression of the spinal cord was noted before VB procedure.
RESULTS
In no patient increase of epidural neoplastic mass was appreciated afterVB procedure on MR scan performed within 24
hours after the procedure. Five patients demonstrated

PURPOSE
Sacral insufficiency fractures are an under-diagnosed cause
of low back pain in older patients in which no definitive
treatment is available. Similar to vertebroplasty, it has been
theorized that injection of polymethylmethacrylate should
result in stabilization of these fractures and prevent painful
motion at the fracture site. We report out results of a
sacroplasty technique, using a combination of CT and fluoroscopy guidance in 13 patients. To the best of our knowledge, this is the largest series ever reported.
MATERIALS & METHODS
All patients had a history of chronic back pain that was minimally responsive to narcotic analgesia with the majority of
patients having undergone prior surgery or epidural steroid
injection for their back pain. The average time to presentation for the procedure was approximately 11 days after the
sacral insufficiency fracture was documented by imaging.
Patients with metastatic lesions involving the sacrum were
excluded from the study. Under conscious sedation, a bone
biopsy needle, most commonly an 11 gauge, was placed
under CT guidance. The patient then was transferred to the
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fluoroscopy suite where a polymethylmethacylate mixture
was injected into the sacrum under real time fluoroscopy.
Clinical outcome was assessed by telephone at 3 and 12 days
postprocedure.
RESULTS
The procedure was performed on 13 female patients with an
average age of 76 years (range, 60-88 years). A bilateral procedure was performed in 11 patients and a unilateral procedure was performed in two patients. An average of 4.1 ml of
cement was injected for each treatment. There were no
instances of cement extravasation into the central canal or
sacral foramina. On clinical follow up, seven patients reported complete or moderate pain relief, two patients stated that
their pain was decreased slightly, one patient was unsure
how much pain relief had been achieved, and follow up was
unavailable in two patients. One patient, who has previously
undergone two epidural steroid injections for spinal stenosis
secondary to a herniated disk, reported no pain relief after
the procedure.
CONCLUSION
The current study supports that sacroplasty is a safe procedure with excellent technical and clinical results in most
patients with osteoporotic fractures. Sacroplasty can offer
patients substantial pain relief, decreased dependence on
analgesia, and a better quality of life.
KEY WORDS: Sacroplasty, CT, fluoroscopy
Poster 216
Acute Back Pain: Can a Neuroradiologist Relieve This?
Srinath, G. A. · Westesson, P. · Kathuria, S. · Malhotra, A.
Strong Memorial Hospital
Rochester, NY
PURPOSE
To familiarize neuroradiologists with indications, performance, and possible complications of nonvascular spinal interventions.
MATERIALS & METHODS
Initial radiologic evaluation of acute back pain involves
plain radiographs, often followed by CT and MR imaging.
This educational poster will illustrate clinical examination
techniques and technical performance of multiple spinal
interventions such as epidural injection, blood patch, facet
injection, and blocks, selective nerve root blocks of the cervical, thoracic and lumbar spines, disk decompressions, vertebro and kyphoplasty, bone and disk biopsies. Determining
the cause of acute pain is important as the management
would differ depending on the structure involved. The cases
should be catagorised based on the anatomical structures
involved such as the vertebral body, disk, nerve and facet
joint related. This exibit will discuss the increasing role of a
neuroradiologist in pain management.

RESULTS
Acute back pain is a common clinical problem. This
accounts for significant morbidity due to pain and disability.
The spinal interventional procedures are simple, easy to perform, require minimal fluoroscopic guidance and are effective in relieving pain.
CONCLUSION
The neuroradiologist can play an important role in pain management with the knowledge of these procedures.
KEY WORDS: Spine intervention, vertebroplasty, epidural
injection
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Multichannel CT Angiography and Its Role in the
Evaluation of Rotational Vertebrobasilar Insufficiency
Ho, C. Y. · Douglas-Akinwande, A. · Rankin, J. L.
Indiana University
Indianapolis, IN
Rotational compression of the vertebral artery is an uncommon cause of vertebrobasilar insufficiency. Diagnosis of this
entity requires a provocative study to reproduce symptoms.
By necessity, this study needs to be fast and accurate as prolonged rotational position may result in significant morbidity. Although conventional angiography is the gold standard
for the diagnosis of vertebral artery pathology, its small but
definite risk of morbidity and mortality makes a noninvasive
alternative more ideal. Magnetic resonance angiography
(MRA) is currently the noninvasive test of choice; however,
current technology requires lengthy scan times which may
compromise patient safety when performing a provocative
test. Multichannel CT angiography (CTA) may be a better
and safer alternative. We present a case of bilateral rotational vertebrobasilar insufficiency confirmed by serial multichannel CT angiographic studies.
KEY WORDS: Vertebrobasilar insufficiency
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Scientific Exhibit 1
Usual and Unusual Imaging Findings and Pitfalls in
Cerebral Venous Sinus Thrombosis
Moritani, T. · Smoker, W. R. K. · Donta, T. · Polceni, B. ·
Wolfe, D. J. · Kademian, J. · Lee, H. · Sato, Y.

CONCLUSION
We illustrate usual and unusual findings in CVST using multimodality imaging and discuss their pitfalls.

University of Iowa Hospitals and Clinics
Iowa City, IA

KEY WORDS: Cerebral venous sinus thrombosis, MR imaging, multimodality imaging

PURPOSE
The purpose of this exhibit is to demonstrate usual and
unusual findings of cerebral venous sinus thrombosis
(CVST) and pitfalls.

Scientific Exhibit 2

MATERIALS & METHODS
We reviewed the clinical information and imaging studies of
50 patients with documented CVST. Imaging modalities
included CT, MR imaging (T1, T2, FLAIR, gadoliniumenhanced T1, gradient-echo T2* and diffusion-weighted
images), MR venography (3D dynamic contrast, 3D time of
flight with contrast, 2D time of flight, 3D phase contrast),
and conventional angiography/venography. The symptoms
of CVST were nonspecific such as headache, fever, seizure,
numbness, weakness, ataxia, and mental status changes.
RESULTS
The precipitating factors or causes of CVST in our patients
included oral contraceptives, pregnancy, infections, various
coagulopathies, congenital nephrosis, vasculitis, tumor infiltrations such as leukemia or glioblastoma multiforme, and

Preprocedural Evaluation with the Multidetector Row
CT Perfusion Studies with Acetazolamide Challenge Test
for the Patients with Carotid and Vertebral Artery StenoOcclusive Disease
Suh, S.1 · Seol, H. Y.1 · Kim, T.2 · Lee, N. J.3 · Kim, J. H.3 ·
Cha, I. H.1 · Koh, S.1
1

Korea University Guro Hospital, Seoul, REPUBLIC OF
KOREA, 2Korea University Ansan Hospital, Seoul, REPUBLIC OF KOREA, 3Korea University Anam Hospital, Seoul,
REPUBLIC OF KOREA
PURPOSE
To describe the optimized scanning protocols of 16-slice
multidetector CT (MD CT) perfusion study with acetazolamide challenge test for the evaluation in patients with the
carotid and vertebral artery steno-occlusive disease before
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head trauma with contusion or subarachnoid hemorrhage.
The location of thrombosis included transverse/sigmoid
sinus, jugular vein, vein of Labbe, superior sagittal sinus,
cavernous sinus, and the deep venous system (straight sinus,
vein of Galen, internal cerebral vein, septal vein, medullary
vein, etc.). On noncontrast CT, CT value of thrombosis is
usually around 70 HU. However, it has often been difficult
to detect thrombi on CT because of the wide range of value
in the normal venous sinuses and artifacts. On MR imaging,
gradient-echo T2* (GRE) sequence was especially useful in
early detection of the acute thrombi, visualization of thrombi in small venous branches, and in the detection of hemorrhage. However, GRE often missed late subacute or chronic
thrombi. Hyperintense thrombi on T1-weighted images usually were seen in the subacute phase. In T2-weighted and
FLAIR images, it was often difficult to detect thrombus, but
parenchymal abnormalities were visualized. Thrombus was
sometimes difficult to detect in Gd-T1 weighted images
because of the flow void in the enhancing venous sinus.
Diffusion-weighted images showed acute venous ischemia
or infarction as mild hypo or hyperintensity with increased
ADC or as hyperintensity with decreased ADC. On MRV,
venous sinus occlusion or stenosis with CVST was sometimes difficult to differentiate from venous anatomical variations. Dynamic contrast 3D MRV was the best for visualization of venous sinus structures. Conventional angiography
showed small arteriovenous fistula. Conventional venography was performed for thrombolysis therapy.
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angioplasty with stenting and to provide some examples of
clinical applications in patients with variable degrees of
stenosis or occlusion in the carotid and vertebral artery.
MATERIALS & METHODS
The patients with extracranial carotid and vertebral stenosis
were examined using multidetector row (16-slice) CT scanner. The scan parameters were as follows: 80 kV, tube current 140 mAs, CT effective dose 3.4 mSv, scan length 12
mm, scan time 54 sec. The contrast medium (nonionic,
dimeric, water soluble 370 mgI/ml) was injected via antecubital vein at the rate of 5 ml/sec with power injector. The
total volume of contrast medium was 50 ml for the adult or
1 ml/body weight kg for the children. For the evaluation of
the vascular reserve we used the acetazolamide 1000 mg for
the adult or 20 mg/kg for the children with normal saline
flushing. Twenty minutes after intravenous administration of
the acetazolamide, postacetazolamide CT perfusion was
done in the same way as in the baseline study. The color perfusion maps and left-to-right side ratio of the perfusion
parameters were created by using semiautomatic program on
a workstation. We compared the baseline and postacetazolamide perfusion images for the evaluation of the status of
the vascular reserve.
RESULTS
We demonstrate the imaging findings of the MD CT perfusion study, combined with cross-sectional image, and CT or
MR or conventional DSA angiogram, of preprocedural evaluation for the patients with variable degrees of the stenosis
or occlusion of the extracranial carotid and vertebral artery.
CONCLUSION
Multi-slice (16 channel) CT perfusion study with acetazolamide challenge test will be a promising new imaging tool
for the rapid and safe preprocedural assessment of the perfusion status and vascular reserve of the brain in the patients
with carotid and vertebral artery steno-occlusive disease.
KEY WORDS: CT perfusion, multidetector row CT, extracranial carotid stenosis

using 2D time-of-flight (TOF) technique and MIP reconstruction. The findings were correlated with catheter angiography, with or without subsequent endovascular intervention. Key features that help to distinguish superficial versus
deep venous thrombosis on CT and MR imaging were analyzed with respect to catheter angiography.
RESULTS
Cerebral sinus thrombosis is evaluated best initially by CT or
MR imaging, with CT/MR venogram to confirm. Filling
defect or poor enhancement of the cerebral veins or sinuses,
or a segmental area of absent flow is indicative of venous
thrombosis. Variable degree of collateral circulation can be
appreciated. Normal hypoplastic/atretic venous variant
should be recognized. Parenchymal insults to the brain may
include edema, infarction, and hemorrhage in the territory
drained by the thrombosed veins/sinuses. The superficial
venous thrombosis involves mainly the cortical area at the
convexity, in a lobar or nonlobar, and unilateral or bilateral
distribution. The deep venous thrombosis involves the
subependymal region and deep brain structures (i.e., basal
ganglia, thalamus, hypothalamus, corpus callosum), and also
medial occipital lobes and upper cerebellum. Whether superficial or deep, all venous blood drains toward the dural sinuses, which may be affected as well, thus giving a combined
appearance. Collaterals are more available in the superficial
venous system than deep venous system, thus assigning the
latter a poorer prognostic factor.
CONCLUSION
Differentiating superficial versus deep venous thrombosis is
important in assessing the clinical prognosis and determining treatment options. Deep venous involvement needs to be
managed more critically as it carries a poorer prognosis.
Anticoagulation, thrombolysis/thrombectomy (chemical
and/or mechanical), and stenting currently are available
options providing good outcome in properly selected
patients based on clinical presentation and imaging.
KEY WORDS: Stroke, venous thrombosis
Scientific Exhibit 4

Scientific Exhibit 3
Cerebral Venous Thrombosis: Differentiating Superficial
and Deep Venous Involvement

Normal and Abnormal Development and Aging of
Brainstem Structures: Measurement of the Area on
Midsagittal MR Imaging

Nguyen, T. H. · Kang, H. · Tsai, F. Y.

Oba, H. · Kutomi, K. · Adachi, Y. · Furui, S.

University of California Irvine Medical Center
Orange, CA

Teikyo University School of Medicine
Tokyo, JAPAN

PURPOSE
To present the key imaging features differentiating superficial versus deep cerebral venous thrombosis, to help assess
clinical prognosis and decision for intervention.

PURPOSE
Abnormal atrophy or hypoplasia of brainstem is shown in
patients with many neurodegenerative disorders, metabolic
disorders, and so on. Our purposes here are to clarify the normal developmental and aging pattern of the brainstem and to
clarify the differences from abnormal developmental and
degenerative conditions.

MATERIALS & METHODS
Seventeen patients with cerebral sinus thrombosis were evaluated by CT and/or MR imaging, with CT venogram and/or
MR venogram. CT venogram was performed with intravenous contrast on a multislice scanner, then reconstructed
with multiplanar reconstruction (MPR) and maximum intensity projection (MIP) techniques. MR venogram was performed without and/or with gadolinium on a 1.5 T scanner,

MATERIALS & METHODS
We measured the area of midbrain tegmentum, tectum, basis
pontis, pontine tegmentum and pons on midsagittal MR
images in 306 normal individuals (newborn to 89 years old)
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and 144 patients that include 34 Parkinson disease (PD), 23
progressive supranuclear palsy (PSP), 19 multiple system
atrophy cerebellar type (MSA-C), 18 multiple system atrophy Parkinson type (MSA-P), three corticobasal degeneration (CBD), four Machado-Joseph disease (MJD), 25
Alzheimer disease (AD), five Menkes disease, eight periventricular leukomalacia (PVL), two megalencephalic leukoencephalopathy with subcortical cysts (MLC), three dentatorubropallidoluysian atrophy (DRPLA). Each area of midbrain structures in the patients with abnormal conditions was
compared with the area of the same age rangeof the normal
group.

CONCLUSION
Midsagittal MR imaging of the head is accurate and reproducible and is used conveniently in routine head MR study,
making it very useful for the diagnosis of many central nervous diseases. We believe that this new milestone provided in
this study will be helpful in distinguishing patients with neurodegenerative disorders from normal individuals.
KEY WORDS: Brainstem, midbrain, pons

Syringobulbia: Imaging Findings and Underlying
Pathophysiology
Perrich, K.1 · McIntyre, J.1 · Eastwood, J.2 · Pekala, J. S.1
1
Dartmouth-Hitchcock Medical Center, Lebanon, NH, 2Duke
University Medical Center, Durham, NC

PURPOSE
We present a visual exhibit examining the imaging characteristics and pathophysiology of syringobulbia. Our purpose
is to elucidate competing theories that attempt to explain the
etiology of syringobulbia as well as the resultant imaging
findings.
MATERIALS & METHODS
Utilizing recent cases of syringobulbia, we will present the
range of imaging characteristics associated with this process.
This will include case-based discussions, as well as visual
diagrams and text to discuss why a syrinx occasionally will
involve the brainstem.
RESULTS
Syringobulbia is characterized by a fluid-filled syrinx located in or extending into the brainstem. The mechanism of
syrinx formation remains unclear, though several theories
exist. The syrinx may develop secondary to distal obstruction of the subarachnoid space and increased CSF hydrostatic pressure driving fluid through the cord and into the syrinx.
A competing theory attributes accumulation of syrinx fluid
to transmural extravasation of fluid from vessels during transient fluctuations in capillary pressure adjacent to the
obstruction. Symptoms associated with syringobulbia
include cranial nerve palsy, cardiorespiratory and autonomic
dysfunction, intractable hiccups, and facial pain.
CONCLUSION
This visual exhibit will examine both the pathophysiology
and imaging findings associated with syringobulbia.
Thereby, improving the ability of the radiologist to create
concise and accurate diagnosis when presented with this
challenging topic.
KEY WORDS: Syringobulbia
Scientific Exhibit 6
Toxic Injury to the Basal Ganglia: Diverse
Pathophysiology and Diverse Imaging Findings
Perrich, K. · Farris, P. · McIntyre, J. · Pekala, J. S.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
We present a visual presentation examining the common and
rare causes of toxic injury to the basal ganglia. Our purpose
is to elucidate the pathophysiology that underlies the toxic
injury associated with these cases as well as the resultant
imaging findings.

Scientific Exhibits

RESULTS
Different normal growth and aging patterns were shown in
each part of the brainstem in normal individuals. Tectum
showed a subtle increase in area from the newborn to the 6
to 9-year age range and almost unchanged until the 81 to 90year age range. Midbrain tegmentum showed a mild and
gradual increase in area from newborn to the 21 to 30-year
age range and gradual decrease in area from the 41 to 50year age range to the 81 to 90-year age range. Pontine
tegmentum showed a rapid increase in area from newborn to
infant period and mild and gradual increase in area until the
21 to 30-year age range and subtle decrease in area from the
61 to 70-year age range to the 81 to 90-year age range. Pons
and basis pontis showed a rapid and prominent increase in
area from newborn to infant period and gradual increase in
area until the 21 to 30-year age range and subtle decrease in
area from the 51 to 60-year age range to the 81 to 90-year
age range. Parkinson disease and AD showed no statistically
significant differences from normal individual group in each
part of brainstem structures. Progressive supranuclear palsy
showed statistically significant atrophy of midbrain tegmentum and pontine tegmentum. Multiple system atrophy cerebellar type and MSA-P showed statistically significant atrophy of basis of pons. Four MJD patients showed marked
atrophy of pontine tegmentum. Two out of three CBD
patients showed slight atrophy of midbrain tegmentum. Five
Menkes disease patients showed atrophy of midbrain
tegmentum. Six out of eight PVL patients showed atrophy of
basis pontis. Two MLC patients showed no apparent atrophy
of brainstem structures. Three DRPLA patients showed
marked atrophy of midbrain tegmentum and pontine
tegmentum.
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MATERIALS & METHODS
Utilizing recent cases of toxic injury to the brain, we will
present the broad spectrum of injury to the basal ganglia.
This will include case-based discussions, as well as text and
visual diagrams to discuss why certain portions of the basal
ganglia appear to be more susceptible to specific toxins.

Scientific Exhibit 7
Can White Matter Abnormalities in the Anterior
Temporal Lobe in Temporal Lobe Epilepsy Suggest the
Ipsilateral Side of Seizure Foci?

Scientific Exhibits

Adachi, Y.1 · Akira, Y.2
RESULTS
Causes of toxic injury to the basal ganglia are varied and
include both acute and chronic exposure. The pattern of
injury and the imaging findings depend upon both the toxin
and the underlying brain physiology. The drug “ecstasy”
(methylenedioxymethamphetamine) appears to reduce the
normal high relative cerebral blood volume to the globus
pallidi, and can lead to high T2 signal and necrosis at this
site. Bilateral hemorrhagic necrosis in the putamen is the
most well known manifestation of methanol toxicity (Fig),
yet the cause of this selective vulnerability remains
unknown. Additional causes of toxic basal ganglia injury to
be discussed include ethanol, carbon monoxide, and radiation as well as others.

1

Yamanashi Medical University, Yamanashi, JAPAN, 2Tokyo
Metropolitan Neurological Hospital, Tokyo, JAPAN
PURPOSE
White matter abnormalities in the anterior temporal lobe
(WAATL) are sometimes observed on MR images of patients
with temporal lobe epilepsy (TLE). Our purpose was to
determine whether WAATL could suggest the ipsilateral side
of seizures foci on electroencephalograms (EEG) of TLE
patients.
MATERIALS & METHODS
We reviewed 112 consecutive patients with medically
intractable TLE who had undergone surgery between 1995
and 2004. We compared the side of seizure foci on EEG
(preoperative and intraoperative) and MR images.
RESULTS
Both loss of gray-white matter demarcation and increased
signal intensity changes in the anterior white matter (positive
WAATL) were observed in 54 (46%) of 114 patients with
TLE. White matter abnormalities in the anterior temporal
lobe were present ipsilateral to the side of the seizure foci on
EEG in all the cases. In 47 patients, MR images showed
WAATL and focal lesions that might be epileptogenic for
TLE. In two of the 47 patients, the side of seizure foci on
EEG was contralateral to the focal lesion; in the remaining
45 patients, the sides of seizure foci on EEG and focal lesion
were the same. In three patients, no focal lesions were seen
but WAATL was present ipsilateral to the seizures foci on
EEG. In two patients, MR images showed focal lesions with
questionable epileptogenesity were questionable and
WAATL ipsilateral to the seizures foci on EEG.

CONCLUSION
This visual exhibit will examine both the pathophysiology
and imaging findings associated with toxic basal ganglia
injury, thereby improving the ability of the radiologist to create concise and accurate diagnosis when presented with this
challenging topic.
KEY WORDS: Basal ganglia, toxic

CONCLUSION
White matter abnormalities in the anterior temporal lobe
were useful clinically because it indicated the side of seizure
foci. When diagnosing the MR images of TLE, we should
pay much more attention to the anterior temporal lobe.
KEY WORDS: Anterior temporal lobe, seizure, white matter
Scientific Exhibit 8
Clinical Pitfalls Related to Short and Long Echo Time
Values in Cerebral MR Spectroscopy
Skillicorn, B. · Cianfoni, A. · Dubowitz, D. · Imbesi, S. G.
University of California San Diego Medical Center
San Diego, CA
PURPOSE
Present potential pitfalls related to the use of short and long
echo times (TE) in clinical MR spectroscopy of the brain.
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MATERIALS & METHODS
Multiple clinical MR spectroscopy cases of the brain at our
institution from January 2003 to November 2005 were
reviewed retrospectively to illustrate these pitfalls. In addition, MR spectroscopy of the cerebral gray matter and white
matter was obtained on three healthy subjects on a 1.5 T
magnet using a PRESS protocol with TE times of 30, 35,
135, 144, 270, and 288.

CONCLUSION
Proton MR spectroscopy provides metabolic information,
and has an increasingly prominent role in the evaluation of
brain pathology. Varying TE values change the appearance
of the H-MRS spectra and present different potential pitfalls.
While increasing imaging time, the clinical diagnostic accuracy is improved by combining the information from both
short and long TE H-MRS sequences.
KEY WORDS: MR spectroscopy, echo times, TE

Diffusion Tensor Imaging and Fiber Tracking in
Wallerian Degeneration
Kathuria, S. · Liu, X. · Ekholm, S. · Westesson, P.
University of Rochester Medical Center
Rochester, NY
PURPOSE
Wallerian degeneration is the process of progressive
demyelination and disintegration of the distal axonal segment following neuronal damage due to cerebral infarction,
hemorrhage, trauma, necrosis, focal demyelination, and is
associated with poor neurologic outcome. Recent studies
have shown a promising role of diffusion-weighted imaging
and diffusion tensor imaging in the early depiction of this
injury, when conventional MR imaging may show normal
findings. The aim of this exhibit is to discuss the pathophysiology of various stages and the role of new imaging techniques in early depiction of wallerian degeneration that may
signify poor clinical outcome.
MATERIALS & METHODS
Case studies from the last several years at our institution of
normal anatomy and changes related to wallerian degeneration of white matter tracts on imaging will be reviewed.
Special emphasis will be given to the role of newer techniques, including conventional diffusion-weighted imaging,
diffusion tensor imaging and 3D fiber tractography. A review
of the current literature will be cross-referenced with cases
from our institution.
RESULTS
The exhibit will include imaging findings of normal white
matter tracts and various stages of wallerian degeneration on
both conventional and newer imaging techniques, including
diffusion-weighted imaging, and diffusion tensor imaging
with FA maps and 3D fiber tractography.
CONCLUSION
The newer imaging techniques of diffusion-weighted imaging and diffusion tensor imaging are more sensitive in diagnosing early stages of wallerian degeneration which may follow various causes of neuronal damage, including infarction,
hemorrhage and trauma. Further information about the orientation of these tracts can be obtained using 3D tractography.
KEY WORDS: Wallerian degeneration, diffusion tensor imaging, fiber tracking
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RESULTS
Proton MR spectroscopy (H-MRS) provides metabolic
information on a tissue of interest. Proton MR spectroscopy
has an important role in the diagnosis and follow-up of
intracranial pathology. The TE used in H-MRS can be chosen by the operator to highlight differences in the metabolites. The echo time of short TE sequences is generally
between 18 and 45 msec, while that of long TE sequences
ranges between 120 and 288 msec. Varying values of TE
change the appearance of the MRS spectra and result in different potential pitfalls for the unwary. On short TE H-MRS,
two potential pitfalls occur: 1) The integrated area of the
NAA peak can appear artifactually elevated due to overlap
with the adjacent glutamine/glutamate peak (Glx). The overlap with NAA can be resolved on long TE sequences, where
the Glx will no longer be visible due to its inherent short T2;
2) Incorrect metabolite quantification can occur, in particular when using peak height measurements, due to an irregular or fluctuating baseline on the short TE H-MRS. This artifact can be minimized by thorough postprocessing with
baseline correction and curve fitting, which is not always
achieved with automated postprocessing. Long TE H-MRS
also presents two important potential pitfalls: 1) Metabolites
with short T2 values such as Glx, myoinositol, and lipids are
not detectable on the spectra, possibly reducing diagnostic
specificity. This can be overcome by performing both short
and long TE H-MRS; 2) A very important but nonintuitive
pitfall relates to the choline to creatine ratio. This ratio actually increases on long TE sequences compared to the short
TE sequence secondary to the shorter T2 value of creatine
relative to choline. This elevation of the Cho:Cr ratio on long
TE H-MRS can lead to the false-positive diagnosis of brain
pathology such as neoplasm. The preferred solution is to
obtain a corresponding short TE H-MRS spectra in the same
location. Alternatively, one could obtain a spectra on the
contralateral side as a control spectra. Finally, since choline
and NAA have similar T2 values, using a Cho:NAA ratio
rather than Cho:Cr ratio may be preferred on long TE
sequences.

Scientific Exhibit 9

ScientificExhibits.qxp

3/9/2006

10:58 AM

Page 392

392
Scientific Exhibit 10
Evaluation of Relative Cerebral Blood Volume in
Cerebral Abscesses and Glioblastoma Multiforme with
Dynamic Susceptibility Contrast MR Imaging Reveals
Spots of Elevated Relative Cerebral Blood Volume in
Abscesses

ratios, as earlier indicated by Cha S., et al. reaching even the
same range as GBM. These areas may represent neovascularity associated with continuing cerebritis in matured CA
and/or vasodilatation, mediated by remaining inflammation.This finding complicates the relative quantification of
CBV in CA and GBM and their discrimination by DSC MR
imaging. Further studies are needed to establish standardized
evaluation patterns and cut-off values.

Scientific Exhibits

Ziegelitz, D. · Sidhu, R. · Germin, B. · Ekholm, S.
University of Rochester Medical Center
Rochester, NY

KEY WORDS: DSC MR imaging, cerebral abscess, glioblastoma multiforme

PURPOSE
Previous reports state that dynamic susceptibility contrast
(DSC) MR imaging can contribute to the distinction of cerebral abscesses (CA) from rim-enhancing glioblastoma multiforme (GBM), based on the significant lower relative cerebral blood volume (rCBV) in abscess capsules. To our
knowledge those studies have not used a leakage correction
algorithm to counteract an underestimation of the rCBV.
Further, region-of-interest (ROI) placements have been guided by regions of greatest enhancement and not by searching
for regions with the highest rCBV. This study’s purpose was
to add these aspects to a multiple slice analysis of GRE EPI
perfusion studies of CA and GBM.

Scientific Exhibit 11

MATERIALS & METHODS
Retrospectively four cases of CA and four of GBM, examined between April 2004 and October 2005, were studied.
All cases were histopathologically and/or microbiologically
proven and had the appearance of supratentorial rim-enhancing processes with a cystic center. Imaging was performed
on 1.5 T scanners (Signa, GE Healthcare) according to our
standard protocol for tumor evaluation including a T2*weighted perfusion sequence. Parametrical maps (CBV,
CBF, MTT), corrected for a disrupted blood-brain barrier,
were created using a software program (LUPE) from The
University of Lund, Sweden. Regions of interest were placed
manually on CBV maps: 1) pixel by pixel, along the lesions’
wall, at the level of their largest diameter and 2) irregularly
covering areas in the lesions showing high CBV on color
maps. Cerebral blood volume values were normalized
against normal appearing white matter in the same slice.
Mann-Whitney’s test was used for detection of statistically
significant differences between the two groups.

MATERIALS & METHODS
This exhibit is based on a retrospective analysis of imaging
findings in HIV patients with CNS involvement. There is
considerable overlap of imaging features between the different diseases affecting CNS in these patients. Therefore, an
attempt is made to categorize the various patterns of CNS
involvement in AIDS patients and highlight the main differential diagnoses for each imaging pattern.

RESULTS
All four GBM showed rCBV ratios, which reached above
our chosen cut-off threshold of 1.75. This threshold, used by
Law, et al. in grading of gliomas, indicates high grade of
malignancy. The CA displayed, at the level of their largest
diameter, rCBV values ranging from 0.69-1.31. However, all
CA also showed minor areas of rCBV above the threshold of
1.75.
CONCLUSION
Capsules of CA, correlating to their high amount of collagen
and decreased vascularity, displayed rCBV values, which
were lower than those of GBM, in concordance with other
studies. Our results show higher rCBV values than reported
by other groups who were using GRE or SE EPI, but who did
not correct for disrupted blood brain barriers and who only
used enhancement-uided ROIs, no max rCBV guidance.
However, small regions in CA demonstrated elevated rCBV

Central Nervous System Imaging in AIDS
Malhotra, A. · Srinath, G. · Ekholm, S. · Wang, H.
University of Rochester Medical Center
Rochester, NY
PURPOSE
To simplify the radiologic analysis of central nervous system
(CNS) involvement in patients with HIV infection by developing a systematic approach to image interpretation.

RESULTS
The following major patterns of CNS involvement will be
discussed: 1) Diffuse white matter disease; 2) Patchy white
matter disease; 3) Focal enhancing mass lesions; 4) Focal
nonenhancing mass lesions; 5). Focal enhancing lesions with
no significant mass effect; 6) Focal nonenhancing lesions
with no mass effect; 7) Meningeal/ependymal involvement;
8) Cerebrovascular disease; 9) Spine involvement. CT and
MR imaging of these patterns will be discussed with clinical
and pathologic correlation. MR spectroscopy, diffusion and
perfusion imaging will be discussed with their usefulness
and limitations.
CONCLUSION
AIDS continues to be one of the most important causes of
morbidity and mortality, CNS involvement being a dominant
cause. While neurologic symptoms account for only about
10% of initial presentations of AIDS, neurologic complications develop in 40-60% of patients. Autopsy results indicate
an even higher rate of CNS involvement (73-87%). There is
a wide spectrum of CNS disease in AIDS with a) primary
HIV effects, b) opportunistic infections, c) neoplastic disease, and d) vascular disease. By evolving a systematic
approach, the exhibit should help familiarize the practicing
radiologists with the possible imaging findings and aid in
accurate diagnosis.
KEY WORDS: AIDS, CNS imaging, HIV
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Scientific Exhibit 12
Beyond the Chest: Tuberculosis in the Cerebral Frontier
Prasad, R. S.1 · Khan, S.2 · Scafidi, R.1 · Fitzpatrick, M.1 ·
Schonfeld, S.1
1

University of Medicine and Dentistry of New Jersey Robert Wood Johnson University Hospital, New Brunswick,
NJ, 2Rutgers University, New Brunswick, NJ

MATERIALS & METHODS
Cross-sectional images were obtained on high-speed multidetector CT scanners and 1.5 T MR scanners at a tertiary
care center, children’s hospital, and a community hospital.
Correlation was made with the patients’ serum and histologic studies.
RESULTS
In our cosmopolitan society, tuberculosis is making a resurgence. While pulmonary manifestations of TB may be classical, the inability to recognize its many CNS manifestations
is more ominous and may have devastating consequences.
We illustrate the gamut of CNS tuberculosis including spinal
manifestations such as Pott’s disease and intramedullary
abscesses, soft tissue abnormalities including retropharyngeal and prevertebral abscesses, and cranial manifestations
including tuberculous meningitis, intracranial abscesses, and
tuberculous vasculitis with associated ischemic compromise.
The classification of this illness is demonstrated with characteristic imaging findings on CT, MR imaging, angiography, and plain radiographs.
CONCLUSION
We present a pictorial essay of the various CNS manifestations of tuberculosis to facilitate prompt diagnosis and treatment of this dreadful illness that has historically plagued
society.
KEY WORDS: Tuberculosis, CNS infections, Pott’s disease
Scientific Exhibit 13
Usual and Unusual Findings in Glioblastoma Multiforme
and Pathologic Basis
Moritani, T.1 · Smoker, W. R. K.1 · Oka, M.2 · Kirby, P.1 · Kim,
J.1 · Ohgiya, Y.2 · Kademian, J.1 · Lee, H.1 · Sato, Y.1 · Maley,
J. E.1
1

University of Iowa Hospitals and Clinics, Iowa City, IA,
University of Rochester Medical Center, Rochester, NY

MATERIALS & METHODS
We reviewed imaging findings from more than 200 pathologically proven cases of GBM. Pathology included primary
GBM, secondary GBM transformed from astrocytoma,
oligodendroglioma, DNET, ganglioglioma, gliomatosis cerebri, gliosarcoma, congenital GBM, GBM with multiple sclerosis or with history of head trauma, and related to syndrome
such as neurofibromatosis type1.
RESULTS
CT and MR findings included single, multiple or multicentric-enhancing necrotic masses with surrounding edema,
often involving the corpus callosum with meningeal
enhancement. CT showed calcification and hemorrhage.
Gradient-echo images demonstrated petechial or gross hemorrhage and calcification. Perfusion imaging revealed
increased CBV and CBF reflecting tumor vascularity. MR
spectroscopy showed choline, lactate and glu/gln peaks in
areas infiltrated by GBM. Decreased ADC was considered
not only due to hypercellularity, necrosis, and hemorrhage
but also to cytotoxic edema associated with excitotoxic
injury by tumor cell production of glutamate. Diffusion tensor imaging was sensitive in the detection of white matter
pathology.
CONCLUSION
We illustrate: 1) Primary and secondary GBMs with various
usual and unusual imaging findings and their pathologic
basis, 2) Rare GBM cases including two subtypes of GBM
(giant cell GBM and gliosarcoma) and association with multiple sclerosis, trauma or specific syndrome, 3) PWI, DTI,
and MR spectroscopy findings and their usefulness.
KEY WORDS: Glioblastoma, pathology, MR imaging
Scientific Exhibit 14
Pictorial Review: Atypical Sites and Imaging
Characteristics of Adult and Pediatric Primitive
Neuroectodermal Tumors
Miropolsky, V.1 · Heran, M. K. S.1 · Kavanagh, E. C.1 ·
Sargent, M. A.2 · Graeb, D. A.1
1

University of British Columbia, Vancouver General
Hospital, Vancouver, BC, CANADA, 2University of British
Columbia, BC Children’s Hospital, Vancouver, BC, CANADA

2

PURPOSE
Glioblastoma multiforme (GBM) is the most common
malignant primary brain tumor. Despite advances in
microneurosurgery, radiation therapy, chemotherapy, and
advances in imaging, only 10% will survive 3 years following diagnosis. Recent molecular and genetic approaches

PURPOSE
The typical imaging characteristics of primitive neuroectodermal tumors (PNET) in the adult and pediatric populations
have been well described in the literature. The aim of this
poster is to highlight atypical imaging features and rare locations of PNET, as well as the age groups affected.

Scientific Exhibits

PURPOSE
To examine the spectrum of central nervous system (CNS)
involvement of tuberculosis (TB), including clinical manifestations and radiographic presentation using CT, MR
imaging, angiography, and plain radiographs.

have provided dramatic insights into glioma biology, including genetic alterations in tumorigenesis (de novo or secondary GBM) and molecular mechanisms of angiogenesis. The
purpose of this exhibit is to demonstrate usual and unusual
imaging findings including diffusion-weighted and tensor
imaging, perfusion imaging and MR spectroscopy, and illustrate their pathologic basis in GBM.
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MATERIALS & METHODS
We present six adult and three pediatric cases of pathologically proven PNET with atypical imaging characteristics on
MR imaging and/or CT that presented at Vancouver General
Hospital and British Columbia Children’s Hospital between
July 2001 and January 2005. These cases highlight atypical
features with respect to patient age, tumor location, and MR
and/or CT signal characteristics and enhancement pattern.
RESULTS
The range in age at presentation was from 2 months to 71
years. In eight cases, the primary tumor was located in the
infratentorial region, and supratentorially in one adult case.
Atypical MR characteristics included a rare example of
excessive nodularity, and mild or no contrast enhancement.
In two cases, the PNET mimicked the appearance of a cerebello-pontine region extraaxial mass. In one case, though the
imaging characteristics were typical for PNET, the age at
presentation (71 years) and the location of the neoplasm (in
the fourth ventricle) have never been reported previously.

(RTOG) recursive partitioning analysis (RPA) criteria was
used also to validate the predictive value of the minimum
ADC value.
RESULTS
There were 28 anaplastic astrocytoma (AA) and 50 glioblastoma multiforme (GBM) patients. The minimum ADC value
of GBM was significantly lower than in AA (0.897± 0.217 vs
1.377±0.332 ×10-3 mm2/sec, p < 0.0001). The 2-year survival
rate was 16% and 86% for patients
with low (≤1.0×10-3
-3
2
2
mm /sec, n = 42) and high (>10 mm /sec, n = 36) minimum
ADC values (p < 0.0001). The multivariate Cox proportional hazards model confirmed that the minimum ADC value
was the most important prognostic factor (HR = 10.924, 95%
CI = 5.145 to 23.195). The minimum ADC value could
divide into different prognostic groups in each RTOG RPA
class. The 2-year survival rates for RPA stratified patients
with low and high minimum ADC values were 0% (n = 2) vs
94% (n = 19) for class I/II (p = 0.0001), 31% (n = 18) vs 75%
(n = 9) for class III/IV (p = 0.0013), and 6% (n = 22) vs 71%
(n = 8) for class V/VI (p = 0.0002) (Fig).

CONCLUSION
Although the typical imaging characteristics and demographics of PNET have been well described in the literature,
atypical examples of PNET with respect to location, age
groups affected, as well as imaging findings can occur. It is
important for the radiologist and the clinician to be familiar
with these variations in order to consider the diagnosis of
PNET in the unusual case.
KEY WORDS: Medulloblastoma, neoplasm, brain
Scientific Exhibit 15
Survival Analysis in Patients with Supratentorial
Malignant Astrocytomas Treated with Postoperative
Radiation Therapy: Predictive Value of Pretreatment
Quantitative Diffusion-Weighted MR Imaging
Murakami, R.1 · Sugahara, T.2 · Hirai, T.1 · Kitajima, M.1 ·
Hayashida, Y.1 · Baba, Y.1 · Oya, N.1 · Nakamura, H.1 ·
Kuratsu, J.1 · Yamashita, Y.1
1

Kumamoto University Hospital, Kumamoto, JAPAN,
2
Kumamoto Red Cross Hospital, Kumamoto, JAPAN
PURPOSE
Although the usefulness of diffusion-weighted MR imaging
for the preoperative grading and postoperative assessment of
glial tumors has been investigated, its value for predicting
survival has not been addressed fully. We evaluated whether
the minimum apparent diffusion coefficient (ADC) value of
the tumor was predictive of the prognosis.
MATERIALS & METHODS
Between 1996 and 2003, 78 newly diagnosed patients with
supratentorial malignant astrocytomas underwent surgery
and postoperative radiation therapy. Factor analysis for survival included the age, symptom duration, neurologic function, mental status, Karnofsky performance scale, extent of
surgery, histology, contrast enhancement, and minimum
ADC value. The Radiation Therapy Oncology Group

CONCLUSION
The minimum ADC value on pretreatment MR examination
is a useful clinical biomarker for predicting survival in
patients with malignant astrocytomas.
KEY WORDS: Malignant astrocytoma, diffusion-weighted
MR imaging, prognostic factor
Scientific Exhibit 16
Novel Enhancement Developed in Previously
Nonenhancing Low-Grade Astrocytoma without
Histologic Deterioration
Kawamura, Y. · Takeuchi, H. · Kubota, T. · Itoh, H.
University of Fukui Hospital
Fukui, JAPAN
PURPOSE
Transformation from low-grade “diffuse” astrocytoma to highgrade has been accepted as a natural progression. However, in
this study authors observed the renovated enhancement in three
patients whose previous MR imaging had shown a lack of
enhancement and following operation revealed no histologic
malignancy. The mechanism of the altered enhancement of
low-grade astrocytomas was investigated.
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CONCLUSION
Our result indicates that the new onset of enhancement in
previously nonenhancing low-grade astrocytomas do not
necessarily imply the histologic deterioration but could be
influenced by the change of vascular endothelial tight junction and/or infiltration of inflammatory cells.
KEY WORDS: Astrocytoma, MR imaging, contrast enhancement
Scientific Exhibit 17
Many Faces of Intracranial
Immunocompetent Patients

Lymphoma

in

Eran, A.1 · Shreiber, R.1 · Abrantes, Y.1 · Daitzchman, M.1 ·
Goldsher, D.1,2
1

RESULTS
Clearly demarcated ovoid lesions were demonstrated as high
intensity on T2-weighted images and as homogeneous low
intensity on T1-weighted images. Diffusion-weighted
images did not show high intensity in all cases. Well circumscribed ring enhancement was shown in case 1 (Fig 1).
Punctate enhancement was revealed within (case 2) and
adjoining to nonenhancing portion (case 3). Total surgical
removal was performed subsequently according to the renovate contrast-enhancement seen on MR imaging.
Microscopic examination did not show significant cellular
atipia, mitosis, tumor neovascularity, and tumor necrosis. In
case 1, the immunohistochemical examination confirmed
intact vascular endothelial tight junction in enhancing portion of the tumor with infiltration of B-cell lymphocytes and
macrophage. In cases 2 and 3, the vascular endothelial tight
junction marker (occludin) was negative in contrast to positive staining of occludin in the nonenhancing portion of the
tumor.
Case
no.
1
2
3

age/sex

symptom

Patient’s Details
tumor location

follow-up
duration
23/male epilepsy
right paracentral 6 years
lobule
34/female epilepsy
right frontal
6 years
lobe
18/male follow-up
left tempora
6 years
study for NF1 l lobe

histologic subtype
of astrocytoma
fibrillary
gemistocytic
fibrillary

Rambam Medical Center, Haifa, ISRAEL, 2Technion, Israel
Institute of Technology, Haifa, ISRAEL
PURPOSE
Brain lymphoma is an aggressive neoplasm with increasing
frequency in immunocompetent patients. It represent 0.2-2%
of primary malignant tumors of the central nervous system
(CNS), and is usually non-Hodgkin B-cell lymphoma. The
imaging features and clinical presentation of brain lymphoma vary considerably. Familiarity with those variations
is important in order to avoid unnecessary extend of surgery,
to guide for appropriate biopsy planning, and to accelerate
the diagnosis. This retrospective pictorial presentation
demonstrates the wide variety of expressions of intracranial
lymphoma, and point to the features that help one to consider lymphoma in the differential diagnosis of intracranial
mass lesion.
MATERIALS & METHODS
Patients who underwent biopsy of intracranial tumors and
had prior CT and/or MR imaging between January 2000 and
November 2005 were examined. All patients with biopsy
proven lymphoma were selected and pathology and imaging
features verified. Imaging features on CT and MR imaging
were analyzed and compared with known data from the literature.
RESULTS
The typical appearance of brain lymphoma in immunocompetent patients is that of a single or multiple hemispheric CT
hyperdense lesion that tends to show T2 hypointensity on
MR imaging and markedly enhances with contrast in both
imaging modalities. The lesions usually infiltrate or abut the
leptomeninges and/or ependymal spaces. However, other
manifestations may be encountered that might mimic other
brain tumors such as glioblastoma multiforme, metastases,
meningioma, and others.
CONCLUSION
Familiarity with the many faces of intracranial lymphoma
facilitates and accelerates the diagnosis of this not so uncommon tumor and is essential for appropriate patient care and
treatment.
KEY WORDS: Lymphoma, brain, imaging
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MATERIALS & METHODS
Three patients known to have well-circumscribed nonenhancing brain tumor had been followed up more than 3 years
on MR imaging with 1.5 T magnet (GE, signa). T1-weighted images (SE, TR/TE/NEX: 333-483/14-20/2), T2-weighted images (FSE, TR/TE /NEX: 3200-3500/83-100/2),
FLAIR images (FSE, TR/TE/TI /NEX: 10002/125/220/1),
and EPI diffusion-weighted images (TR/TE /NEX:
5000/101/1, b = 1000) were obtained. For contrast-enhanced
MR imaging, 0.1 mmol/kg of gadolinium-DTPA was injected intravenously. The patient’s age, sex, main symptoms,
tumor location, and follow-up duration are summarized in
Table 1. Histopathologic examination was performed with
HE staining and immunohistochemical staining such as
GFAP, S-100, occludin (ZYMED; vascular endothelial tight
junction marker), CD45R0 (DAKO; T cell marker), CD20cy
(DAKO; B cell marker), anti-CD31 (DAKO; microvascular
density).
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GLIADEL: Early Imaging Experience in a United
Kingdom Center
Clark, A. J. · Jadun, C. · Singh, J.

Scientific Exhibits

University Hospital North Staffordshire
Stoke-on-Trent, UNITED KINGDOM
PURPOSE
We aim to share our early radiologic experience of the use of
GLIADEL®. This is a chemotherapy containing wafer that
is used as an adjunct in neurosurgery for local recurrence of
glioblastoma multiforme.
MATERIALS & METHODS
Our presentation draws from the CT and MR images we
have obtained from five patients treated for locally recurrent
high grade gliomas with surgery and GLIADEL® implantation into the surgical bed. We demonstrate the imaging patterns seen before and up to 4 months after wafer insertion.
Our own observations are supplemented by information
from a review of relevant literature regarding the evidence
for and the use of GLIADEL®, plus the imaging features
and complications with the use of such wafers. In addition
we offer some information regarding the possible future
direction of wafer-delivered chemotherapy to the brain.
RESULTS
Gliadel® wafers have characteristic CT and MR appearances
that alter with time after insertion. On CT they are seen initially as high attenuation linear structures, high enough in fact to
be conspicuous on bone windows, but this diminishes with
time. We have noticed they often are surrounded by gas, are
seen to migrate in the resection cavity, and do not show postcontrast enhancement. On MR imaging at 6 weeks postsurgery
the wafers are isointense to gray matter on T1-weighted images
and hypointense on T2. Their conspicuousness on MR imaging
decreases with time. Complications of the use of GLIADEL®
also are discussed, along with pitfalls in image interpretation.
CONCLUSION
GLIADEL® is in clinical use in the United Kingdom and has
characteristic CT and MR appearances that change over time.
These therapies also shift the spectrum of possible complications that can be recognized on imaging. Radiologists should
be aware of these and particularly the pitfalls of image interpretation where wafers have been implanted.
KEY WORDS: GLIADEL, carmustine
Scientific Exhibit 19
Preoperative and Postoperative MR Imaging Evaluation
of Pituitary Adenomas
Barker, R. · Hutson, R. K.
University of Tennessee Medical Center
Knoxville, TN
PURPOSE
Identify the most effective preoperative and postoperative
evaluation of pituitary adenomas by MR imaging.

MATERIALS & METHODS
Following a review of the literature from 1998 to present, the
most effective MR pituitary imaging protocols, MR characteristics of pituitary adenomas, established criteria for cavernous sinus invasion, methodology for tumor volume measurement, and follow-up imaging requirements are discussed.
RESULTS
Pre and postcontrast three-plane thin-section imaging with
T1 and T2 spin-echo sequences characterize anatomy, delineate tumor boundaries, and demonstrate enhancement patterns that allow differentiation among possible diagnoses.
The addition of a 3D gradient sequence increases sensitivity
for adenoma detection. Dynamic temporal imaging can
localize small, > 3 mm, microadenomas sometimes allowing
partial versus total pituitary surgical resection. The addition
of a dynamic protocol should be reserved for patients with
suggestive clinical symptoms or a history of a problematic
pituitary adenoma to reduce incidental diagnosis of the common, insignificant, pituitary adenoma. Imaging characteristics specific to certain hormonally active pituitary adenomas
are discussed briefly, as these features are largely academic
and inferior to diagnostic laboratory serum evaluation to differentiate among secretory adenomas. From 1998 to 2004,
progressively more specific and reliable criteria have been
established for determining the presence of cavernous sinus
invasion. A Knosp Steiner classification of Grade 2 or higher has a 92-96% positive predictive value in detecting surgically proven cavernous sinus invasion. Postoperative pituitary evaluation to establish recurrence and document significant growth has been an imaging dilemma. Adenoma recurrence is as high as 16% at 8 years and 35% at 20 years.
Given long-term repeated postoperative imaging, the most
accurate measurement is tumor volume using area as
described by the Cavalieri principle or the product of the
orthogonal diameters. Many different follow-up imaging
regimens are used. The initial postoperative MR image may
be obtained in hours to days to months. Scar tissue begins to
organize at 72 hours and limits evaluation. Twenty-four
hours postoperative evaluation has been found to be useful,
but most patients’ conditions are at least guarded in this short
postoperative interval. Imaging interpretation improves 3
months postoperative. Prospective assessment has suggested
initial MR postoperative evaluation at 4-6 months.
Consideration of tumor aggressiveness may justify variability in the timing of imaging in the early postoperative
months. A 1-year postoperative MR evaluation is agreed
upon. Although a well defined defect in the sellar floor has
been associated with resolution on 2-year follow-up imaging, recommendations for 3-, 5-, and 10-year follow up to
eliminate the possibility of recurrence is standard.
CONCLUSION
Literature pertaining to pituitary adenomas was reviewed.
MR protocols, imaging characteristics of pituitary adenomas, determination of cavernous sinus invasion, assessment
of tumor volume and recommendations for imaging follow
up are discussed.
KEY WORDS: Pituitary, adenoma
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High-Resolution Ultrahigh Field Strength GradientEcho MR Imaging of the Brain in Normal and Pathologic
States
Christoforidis, G. A. · Yang, M. · Knopp, M.
The Ohio State University
Columbus, OH

KEY WORDS: High-field MR imaging, microvascularity,
hemorrhage

RESULTS
Several factors played a role in improving image quality at 3
T. Parallel imaging (PI) was used to reduce scan time which
allowed for trade-offs in overall exam length, greater resolution, lower specific absorption rates (SAR), management of
susceptibility artifacts, and increased slice coverage.
Comparing our standard skull base protocol at both field
strengths we found that scan time increased by 3% and
image resolution increased by 128%. The effect of bright fat,
improved fat suppression, increased flow artifacts, and
increased contrast conspicuity were imaging features that
appeared to impact image quality substantially at 3 T.
CONCLUSION
Improvements in parallel imaging, phased array coil design,
tissue contrast, fat suppression, image resolution, as well as
increased SNR and contrast conspicuity make skull base
imaging a practical clinical application. Imaging features
including the appearance of bright fat and flow or susceptibility artifacts can be especially problematic in the skull base.
Using fat suppression and flow compensation, in addition to
other techniques aimed towards reducing artifacts and scan
time, will continue to increase feasibility making skull base
imaging even more advantageous and economical at 3 T.

Scientific Exhibit 21

KEY WORDS: Skull base, 3 T, image quality

3 T Imaging Features, Techniques, and Image Quality in
the Skull Base

Scientific Exhibit 22

Rohrer, S. E. · Londy, F. J. · Kumar, S. · Mukherji, S. K.
University of Michigan Health System
Ann Arbor, MI
PURPOSE
A growing number of 3 T magnets have been installed at a
variety of academic and private practice centers. The majority of the applications have been focused on neuroimaging,
especially in the areas of physiologic imaging (MR spectroscopy, perfusion, tractography). Very little information is
available on the role of 3 T imaging in the skull base. The
intent of this exhibit is to present our experience with 3 T
imaging of the skull base. Specifically, we will discuss the
advantages of 3 T field strength on the following: 1) potential imaging benefits from increased signal-to-noise (SNR)
and spatial resolution, 2) parallel imaging and its role in
skull base imaging, 3) imaging features and techniques, and
4) effect on scan time for routine protocols.
MATERIALS & METHODS
We retrospectively reviewed 59 patients who had undergone
routine imaging of the skull base at both 1.5 T and 3 T using
standard skull base protocols. The majority of patients were
imaged initially on a 1.5 T General Electric Horizon LX scanner with a standard, eight-channel phased array, or NV array
coil. Follow-up imaging of the skull base was performed on a
3 T Philips Achieva scanner using an eight-channel head coil.
Routine clinical protocols with similar but not identical

Diffusion-Weighted Imaging is a Cost-Effective
Screening Sequence for Nonparenchymal Pathology
Learned, K. O.1 · Chi, T. L.2 · Jackson, E. F.2 · Hunter, G. J.2
1

University of Texas Houston Medical School, Houston, TX,
University of Texas M.D. Anderson Cancer Center,
Houston, TX
2

PURPOSE
Diffusion-weighted imaging (DWI) has become a mainstay
in imaging of acute strokes. Capitalizing on the inherent T2
effect and/or the diffusion characteristics of DWI, we
explored the utility of DWI in routine brain imaging and propose using DWI as a screening exam.
MATERIALS & METHODS
Routine brain imaging is done on either a 1.5 T or 3.0 T Excite
HD scanner (GE Healthcare, Milwaukee, WI). The DWI
sequence included in all our routine brain imaging is a standard single-shot spin-echo (SE) echo-planar imaging (EPI)
sequence provided by the manufacturer. The acquisition
parameters are TE = 80 ms, TR = 8000 ms, 24 cm field-ofview, 128 x 128 matrix, b = 1000 s/mm2 (6 directions) and the
total scan time is 32 seconds. We review the DWI images in
conjunction with the conventional MR imaging sequences to
increase our detection of skin, calvarial, skull base, orbital,
sinonasal, and intracranial extraparenchymal pathologies.

Scientific Exhibits

The purpose of the exhibit is to provide an overview of potential applications that high-resolution 8 T gradient-echo MR
imaging may provide while imaging brain pathology.
Sequences used are sensitive to magnetic susceptibility and
improve visualization of intravascular deoxyhemoglobin,
microhemorrhage, and iron deposition. Human brain pathologies reviewed include: neoplasm, stroke, vascular malformations, traumatic brain injury, and vasculitis. In addition, data
collected from imaging acute middle cerebral occlusion and
glioma animal models will be presented. Imaging targets have
included microvascularity, hemorrhage and iron deposition.
Microvascularity in neoplasms, and stroke enhanced by ultrasmall particle iron oxide contrast agents will be reviewed.
Appearance of encephalomalacia and other pathologies will
be described. Finally, evidence indicating a potential role in
imaging hypoxia will be reviewed.

parameters were used to optimize imaging sequences with
respect to field strength. Philips 1.5 T and 3.0 T scanners were
used to compare SNR values. Key differences in SNR, tissue
contrast, resolution, image artifacts, fat suppression, and contrast conspicuity were recorded upon comparison.
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RESULTS
Routine DWI images can be acquired in 32 seconds or less.
Due to the speed of acquisition, artifacts secondary to gross
patient motion are minimized. Because of this, many critically ill patients, the DWI series was the only sequence
which yielded useful information. Conventional MR imaging based on fast spin-echo (FSE) techniques limits the
detection of bony lesions or marrow infiltrative disease. Fat
suppression, which is an inherent component of the SE-EPI
DWI pulse sequence, due to the use of spectral-spatial excitation pulses, allowed for optimal visualization and evaluation of calvarial and skull base metastases. The T2 or T2*
effect is considered problematic in interpreting DWI in the
context of acute stroke imaging. However, using DWI in the
capacity as a screening exam, the T2, T2* and diffusion
effects are desired parameters, which increase the conspicuity of lesions against an otherwise relatively hypointense
image. This was particularly useful in improving lesion
detection in patients with pathologies involving the skin,
orbit, sinonasal, and intracranial extraaxial space.
CONCLUSION
The additional information provided by conventional DWI
in routine brain imaging is well worth the 32 seconds it adds
to the total imaging time. The fat suppression allows easy
detection of infiltrative marrow disease, which often is
obscured by the hyperintensity of fat within the marrow on
FSE sequences. The bland and hypointense background of
the images on DWI is a natural background to enhance the
conspicuity of lesions exhibiting T2 effect or diffusion
abnormality.
KEY WORDS: Diffusion-weighted imaging, calvarial and
skull base, orbit and sinuses
Scientific Exhibit 23
Cranial Dural Arteriovenous Fistula: A Rare Entity
Reviewed
Ballenilla, F. · Ramos, A. · Carrera, R. · F. Alén, J. · Millán,
J. · Campollo, J.
Hospital 12 de Octubre
Madrid, SPAIN
PURPOSE
Dural arteriovenous fistulas (DAVF) are uncommon
intracranial vascular lesions whose characteristic finding is a
direct arteriovenous communication between meningeal
arteries and dural sinuses or leptomeningeal veins. The etiology of cranial DAVF remains unknown and they could be
classified according to their venous drainage pattern, symptomatology and the presence or absence of cortical venous
drainage. Previous reviews concentrate more on the neurovascular treatment than on the imaging findings that aid in
diagnosis. The main goal of this exhibit is focused on the
diagnosis of these malformations. We will describe the radiologic findings when imaging this pathology with conventional techniques [CT, MR imaging and digital subtraction
angiography (DSA)].

MATERIALS & METHODS
We retrospectively reviewed 55 consecutive patients with
DVAF which represent 22.1% of intracranial vascular malformation with arteriovenous shunting in our series. A casebased discussion of the basic anatomy, angioarchitecture,
and complications such as edema, hemorrhage, hydrocephalus, and venous congestive encephalopathy is included. Different therapeutic options also will be reviewed.
RESULTS
Conventional CT scan usually is unable to depict these kind
of malformations and it is principally used to exclude complications, such as subarachnoid or intracerebral hemorrhage
and hydrocephalus. Contrast-enhanced CT sometimes
demonstrates nonspecific findings, such as asymmetry or
mild enlargement of the dural venous sinuses and draining
veins, or a hypertrophic arterial feeding. Conventional MR
detects direct findings, like an increase in size and number of
extracranial vessels, visualization of transosseous collaterals, abnormal dural sinus flow, and stenosis or occlusion of
dural sinuses, and indirect findings related to venous hypertension, like dilated pial vessels, diffuse white matter edema
or diffuse cortical enhancement. It also detects complications. MR angiography may confirm the diagnosis with
direct visualization of the feeding arteries and the venous
drainage. Digital subtraction angiography remains the gold
standard in the diagnosis depicting direct arteriovenous
shunting findings like early opacification of dural sinuses
and cortical veins, indirect findings like dilatation of both the
feeding arteries and the draining sinuses, delayed circulation
time regarding venous congestion, and is critical for the
detection of the venous reflux and the assessment of the
venous drainage of the brain.
CONCLUSION
CT findings are nonspecific so it usually is used to detect
complications. MR imaging is a good diagnostic tool
because it can show not only the vascular anomalies that
allow the diagnosis (MR angiography) but the parenchymal
changes related to the venous hypertension. Digital subtraction angiography is critical for the detection of cortical
venous reflux and the assessment of the venous drainage of
the brain in order to plan the appropriate treatment. It also
allows endovascular techniques.
KEY WORDS: Dural arteriovenous fistula, cerebral venous
drainage, venous congestive encephalopathy
Scientific Exhibit 24
Dissection of the V4 Segment of the Vertebral Artery:
Clinicoradiologic Manifestations and Endovascular
Treatment
Yoon, W.1 · Seo, J.1 · Do, H. M.2 · Marks, M. P.2
1

Chonnam National University Hospital, Gwangju, REPUBLIC OF KOREA, 2Stanford University Medical School, Palo
Alto, CA
PURPOSE
To present clinicoradiologic manifestations and discuss the
current role of endovascular treatment in patients with vertebral artery (VA) dissection involving the V4 segment.
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MATERIALS & METHODS
On the basis of analysis of the clinical findings, various
imaging findings, and results of endovascular treatment in
40 patients with intracranial VA dissection, we present the
pictorial review of intracranial VA dissection.

Scientific Exhibit 25

RESULTS
The clinical course and prognosis of the patients with
intracranial VA dissection are variable, ranging from a relatively benign course with no neurologic complications to
death from severe brain injury. Intracranial VA dissection has
three types of clinical presentation: ischemia, hemorrhage,
and mass effect. Imaging findings of intracranial VA dissections may vary according to clinical presentation. Irregular
stenosis or occlusion of the VA is the most common findings
in patients with posterior fossa ischemia, whereas a dissecting aneurysm is the main feature in those with subarachnoid
hemorrhage. A chronic, large dissecting aneurysm can cause
mass effect on brain stem and cranial nerves. MR imaging is
useful for the detection of intramural hematoma and intimal
flap, both of which are diagnostic of VA dissection.
Multidetector CT angiography is used increasingly in the
diagnosis of VA dissection. Catheter angiography is still beneficial for evaluation of the precise endoluminal morphology
of the dissection prior to surgical or endovascular intervention. Treatment options for intracranial VA dissection should
be tailored according to specific clinical presentation.
Recently, endovascular treatment has emerged as a major
therapeutic option in the management of patients with
intracranial VA dissections. Endovascular coil occlusion is
considered the treatment of choice for acutely ruptured or
chronic VA dissecting aneurysm. Stent-assisted coil
embolization or double stent placement is another treatment
option for dissecting aneurysm, but may be associated with
aneurysm recurrence. Stent-assisted angioplasty or coil
occlusion of dissection site can be effective in selected
patients presenting with posterior fossa ischemic symptoms.

University of Miami Miller School of Medicine
Miami, FL

KEY WORDS: Vertebral artery, arterial dissection

Saigal, G. · Sklar, E. M. · Whetsell, W. · Resnick, S.

PURPOSE
Posterior reversible encephalopathy syndrome (PRES), is a
term used to describe a group of disorders that present clinically with headache, seizures, visual changes, altered mental
status, and occasionally focal neurologic signs.
Hypertension is known to be a strongly associated factor.
Imaging findings are thought to be due to symmetrically distributed areas of vasogenic edema predominantly within the
territories of the posterior circulation. Typical MR imaging
findings of PRES include T2/FLAIR signal abnormalities
involving the subcortical white matter in the parietooccipital
regions bilaterally. However, besides these typical findings a
number of atypical findings also can occur. In this presentation, we describe the typical and atypical imaging findings
and discuss the pathophysiology of this syndrome.
MATERIALS & METHODS
Unusual MR findings of PRES were seen in eight patients.
The diagnosis of PRES was made in an appropriate clinical
setting in all of the eight patients and the original MR signal
abnormality showed complete or near complete resolution
on follow-up imaging, thereby confirming the diagnosis.
RESULTS
Atypical findings included involvement of other regions of
the brain other than the posterior circulation such as the
frontal lobes, brainstem, thalami, and the cerebellar hemispheres. Gray matter involvement also was noted in addition
to the white matter involvement. Restricted diffusion was
seen in one case suggesting infarction. One of the cases also
demonstrated restricted diffusion initially which resolved
completely on follow-up imaging. Contrast enhancement of
the lesions was seen in two cases. In one of the cases, recurrence of the PRES syndrome was noted after 6 months.
CONCLUSION
Besides the well known typical findings of PRES, atypical
findings also can occur, knowledge of which is essential to
help the radiologist make the diagnosis of this entity in a correct clinical setting.
KEY WORDS: Posterior, reversible, leukoencephalopathy
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CONCLUSION
Imaging findings of intracranial VA dissections are variable
according to specific clinical presentation. MR imaging and
MD CT angiography are noninvasive imaging techniques
that are replacing catheter angiography in the diagnosis of
intracranial VA dissection. Catheter angiography is still
needed for evaluation of precise luminal morphology prior to
endovascular treatment. Endovascular therapy is considered
the initial treatment of choice for acutely ruptured or chronic VA dissecting aneurysm and can be effective in selected
patients presenting with posterior fossa ischemic symptoms.

Posterior Reversible Leucoencephalopathy Syndrome:
Atypical MR Findings
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Systematic Approach to Intracranial CT Angiography
Review for Aneurysm: A Proposal
Nguyen, D. T. · Elliott, J. Z. · Kalapos, P. · McNamara, K. ·
Iyriboz, T. · Kanekar, S.
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Milton S. Hershey University Medical Center
Hershey, PA
PURPOSE
Proposition of a systematic approach regarding interpretation of an intracranial CT angiogram (CTA) exam is brought
forth. CT angiography has been a mainstream noninvasive
study for evaluation of intracranial arterial aneurysm since
the induction of multidetector CT. With the isotropic voxel
diminishing below submillimeter in size, large dataset are
generated for volumetric evaluation. Despite the rapid technical advancement of CT modality in recent years, reviews
of large intracranial CT dataset by interpreters have been
rather nonstandard, thus possibly leading to erroneous detection of vascular aneurysm in this confinement. Such systematic approach in reviewing and interpreting intracranial CTA
is needed to minimize such potential catastrophic oversight.
MATERIALS & METHODS
Acquisition and reconstruction of large intracranial CTA
dataset are performed in the order of 1.0 mm or less slice
profile with at least greater than 50% overlap. Importing
such large dataset into a 3D workstation for reconstruction
and visualization then is performed. Upon reviewing the
dataset, prior to 3D visualization, several basic steps are
needed such as scrolling through the entire dataset in multiplanar reformat (MPR) mode in at least two orthogonal
views. Also, application of a thin-cut maximum intensity
projection (MIP) in the order of 2-5 mm is needed for evaluation of the skull-base vascular structures, especially the
cavernous internal carotid arterial region in at least two
orthogonal views. Finally, by applying 3D visualization
techniques with a mixture of both thin MIP and thicker 3D
volume rendering (VR) cut planes, evaluation of
extraosseous vascular structures then is performed within the
intracranial cavity. Evaluation is made at typical vascular
branch points within the anterior and posterior circulations
for aneurysm detection.
RESULTS
A systematic approach allows careful evaluation at several
potential “blind spots” within the intracranial CTA dataset.
The most notorious area is within the skull base where typically the most eloquent 3D VR technique is limited in its
usefulness. The intraosseous internal carotid artery (ICA)
evaluation is best done with MIP thin cut-plane technique
oriented in parallel sagittal oblique and orthogonal coronal
orientation to the traversing ICA vessel. Another potential
blind spot is the pericallosal-callosomarginal junction where
small aneurysm may exist. The mere fact of the location
being distant away from the focused circle of Willis and the
potential small size aneurysm existence makes this site a
potential pitfall. Here the VR technique may mask a small
aneurysm with the “kissing” vessel phenomenon of the small
aneurysm and adjacent parent vessels. Applying thin MIP
cut-plane technique both in lateral and coronal projections
will maximize visualization and detection in this region.

CONCLUSION
By applying a systematic approach in reviewing a large
intracranial CTA dataset in conjunction with the knowledge
of vascular anatomical orientation, potential sites for
aneurysm formation, and potential pitfall locations, a more
critical review can be made with possible higher detection
rate of aneurysm utilizing this noninvasive multidetector
CTA technique.
KEY WORDS: CT angiography, aneurysm
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Masses of the Parasellar Space: Think Aneurysm First!
Mamourian, A. C.
Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
This exhibit depicts the normal anatomy including normal
variants as well as a variety of disorders that involve the
parasellar region. We present an approach to these lesions
which are encountered frequently in clinical practice.
MATERIALS & METHODS
We collected cases that illustrate both common and uncommon disorders that involve the parasellar region. We include
many examples of aneurysms that mimic solid masses as
well as MRA studies that do not show flow on 3D TOF due
to slow flow.
RESULTS
1) Normal anatomy of the cavernous sinus; 2) Imaging of
Meckels cave; 3) Masses of the parasellar region (a. Vascular
aneurysm; Carotid cavernous fistulas; Cavernous sinus
thrombosis. b. Tumors; Meningioma/schwannoma;
Metastatic disease-Perineural spread and hematogenous;
Tolosa-Hunt. c. Skull base masses that extend into the cavernous sinus and parasellar region.) This exhibit will include
many examples of representative studies of these conditions.
CONCLUSION
The parasellar region is complex and dense with vital structures which include multiple cranial nerves and the internal
carotid artery. Because of the overlap of the imaging features
of masses in the parasellar region it is essential that radiologists have a good understanding of the imaging features of
the common and uncommon disorders that can occur in this
anatomical location.
KEY WORDS: Cavernous sinus, parasellar space, aneurysm
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Scientific Exhibit 29
Neuroimaging of the Cavernous Sinus: Normal Anatomy
and Pathology
Vyas, A. R. · Wang, A.

Scientific Exhibit 28
Mapping Cranial Nerves Utilizing 3 T MR Imaging
Technique Aided by Diffusion Tensor Imaging: A
Pictorial Essay

SUNY Upstate Medical University
Syracuse, NY
PURPOSE
3 T high-resolution imaging and diffusion tensor (DT) imaging are now available to direct visualization of the cranial
nerves. Evaluation of the cranial nerves is challenging due to
small nuclei and narrow axonal pathways requiring high-resolution imaging. Understanding of the normal appearance of
cranial nerves and the associated complex pathways is an
invaluable tool for detection of pathology. In cases of neoplasm, such characterization will delineate the extent of
tumor involvement and aid in subsequent surgical planning.
In this study, we demonstrate that the combination of 3 T
high-resolution and DT imaging significantly enhances
anatomical detail and improves detection and definition of
cranial nerve lesions.
MATERIALS & METHODS
A control group of volunteer healthy subjects undergo 3 T
high-resolution brain stem imaging. The pathologic group
includes a retrospective and prospective collection of studies
of patients with cranial nerve complaints and/or known cranial nerve pathology. Diffusion tensor postprocessing is performed with generation of fractional anisotropy and colorcoded maps.
RESULTS
This report includes a pictorial essay of the normal appearance of the cranial nerves utilizing high-resolution image
acquisition with high-field magnet (3 T). The mapping of the
intricate axonal pathways is aided by DT imaging and 3D
reconstruction. Examples of selected cranial nerve pathologies are illustrated followed by demonstration of how the
combination of the above techniques allows for improved
visualization of cranial nerve involvement.
CONCLUSION
3 T high-resolution imaging provides enhanced detail of the
cranial nerve anatomical structures. Diffusion tensor imaging is an adjunct for assessment of the integrity of the cranial
nerve axonal pathways and their pathology. The combination
of the two techniques shows significant improvement in
detection, localization, and definition of the cranial nerve
lesions.
KEY WORDS: Cranial nerves, diffusion tensor imaging

The cavernous sinuses are complex multiseptated laterosellar extradural venous spaces and surround the intracavernous
cranial nerves lll, lV, V1, and V2 and internal carotid artery.
Neuroimaging studies included are CT with and without
contrast, MR imaging with and without contrast, MRA/MRV
and occasionally cerebral angiogram. Normal anatomy and a
wide variety of pathology can be seen in the cavernous
sinuses and will be discussed in this exhibit. Describe the
key anatomical or physiologic issues, imaging findings, or
imaging technique the proposed exhibit will address: CT
and/or MR imaging of the normal anatomy of the cavernous
sinus as well as CT and/or MR imaging findings, descriptions and references of a wide variety of lesions affecting the
cavernous sinus, organized into broad pathologic categories
including traumatic lesions, neoplasm (primary and metastasis), infectious and inflammatory conditions, pseudotumor
and vascular lesions will be presented. Describe the format
(didactic, quiz, interactive, etc.) and organizational structure
(by pathology, by imaging technique, etc.) of the proposed
exhibit: Presentation will be computer-based organized by
pathologic categories. The viewer will be able to navigate
easily through slides demonstrating normal anatomy and a
wide variety of pathologic conditions affecting the cavernous sinus. List the teaching points of the exhibit (what you
hope the viewer will learn): 1. Normal anatomy of the cavernous sinus. 2. A wide variety of pathologic conditions that
affect the cavernous sinus.
KEY WORDS: Cavernous sinus, anatomy, imaging
Scientific Exhibit 30
Neuroimaging of Cerebral Venous System: Normal
Anatomy and Pathology
Haidary, A. F. · Wang, A. · Silbergleit, R. · Barry, K.
William Beaumont Hospital
Royal Oak, MI
PURPOSE
To demonstrate CT, MR, and angiographic findings of common intracranial venous disorders.
MATERIALS & METHODS
A database of CT and MR findings at a large institution was
search for positive findings related to intracranial venous
disorders. The imaging studies and history were reviewed.
RESULTS
CT, MR imaging/MR venography, and angiographic findings of intracranial venous disorders including venous/sinus
thrombosis, arteriovenous malformation/fistula, and vein of
Galen malformations are described and examples provided.
The roles of different imaging modalities are reviewed. CT
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Alijani, A. · Trikha, S. · Chang, J. · Szeverenyi, N. M. · Joy,
S. E. · Swarnkar, A. S. · Wasenko, J. J. · Craig, K.

William Beaumont Hospital
Troy, MI
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with and without contrast is good for evaluation of acute
venous thrombosis and assess complications related to acute
thrombosis; however, it is inadequate in the setting of chronic thrombosis. In addition, CT can provide false-positive
results in pediatric cases and has a high false-negative rate in
patients with anemia. MR imaging double spin-echo and T1weighted sequences with gadolinium is inadequate for evaluation of intracranial venous disease due to flow artifact
resulting in false positives. However, MP-RAGE sequences
can reduce significantly the false-positive rate due to lack of
pulsatile artifact. MR venography with contrast is the current
gold standard for evaluation of venous disease. Cerebral
angiography and dural sinus venogram is invasive and recommended in cases where intervention/endovascular treatment is indicated.

artery to the basilar artery. The Tau sign (classically
described on sagittal T1 images) was identified retrospectively in only 13% of available MR images.

CONCLUSION
This exhibit provides a review of intracranial venous anatomy and imaging characteristics of intracranial venous/sinus
disorders. The advantage, pitfalls, and disadvantage of each
neuroimaging technique is discussed.

CONCLUSION
Identification is critical in the setting of questioned intrasellar masses and injection of sodium amytal for the WADA
procedure.

RESULTS
Rather than simply a curiosity, it can be clinically relevant
with an increased incidence of aneurysms and vascular malformations. Persistent trigeminal artery has been shown to be
potentially beneficial when ipsilateral to an internal carotid
artery dissection. If the PTA is the dominant supply to the
distal basilar artery and posterior cerebral arteries, significant stenosis can lead to vertebrobasilar insufficiency symptoms. In the setting of embolic shower, PTA may produce
atypical distributions in both the anterior and posterior circulations.

KEY WORDS: Cerebral venous system, anatomy, pathology

KEY WORDS: Persistent trigeminal artery, PTA, carotid-vertebrobasilar anastomosis
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Complete Review of the Persistent Trigeminal Artery

3 T MR Neurography for Pain in the Neck and Shoulder

Marin, H.1 · Corrigan, J. J.1 · Silbergleit, R.2

Crane, A. P. · Chang, J.

1
Henry Ford Hospital, Detroit, MI, 2William Beaumont
Hospital, Royal Oak, MI

SUNY Upstate Medical University
Syracuse, NY

PURPOSE
Intracranial anastomotic connections between the developing internal carotid and basilar arterial systems are via the
three presegmental arteries: the hypoglossal artery, the dubious otic artery, and the trigeminal artery. After formation of
the posterior communicating artery from the caudal branch
of the internal carotid artery, these communications regress
and are found only exceptionally in adults. Persistence of
primitive trigeminal artery is the anatomical variant most
often encountered. We would like to present our experience
with 90 cases of persistent trigeminal arteries, identified on
imaging studies, which so far, would be the largest presented series. We also will discuss the embryology of carotidvertebrobasilar anastomosis, the different variants, and the
clinical implications of persistent trigeminal arteries (PTA)
and the eventually associated vascular anomalies.

PURPOSE
Approximately 20% of the adult population have neck or
shoulder pain at any one time. Among these patients, roughly 30% undergo cervical spine MR imaging. However, cervical spine findings may not necessarily correspond to the
clinical presentation. On the other hand, brachial plexus
imaging is seldom ordered. The intricate nature of this neuronal network accounts for its elusiveness in imaging as well
as the complex clinical presentation of plexopathies. 3 T MR
imaging provides the high resolution needed for visualization of the brachial plexus. The purpose of this study is to
design a neurographic protocol to combine the visualization
of both the cervical spine and brachial plexus.

MATERIALS & METHODS
A data search using the key words “persistent trigeminal
artery” of all imaging reports between January 1995-2005
was performed. The laterosellar or intrasellar course and the
caliber compared to the basilar artery were analyzed. The
size of the PTA was correlated with its appearance on crosssectional imaging studies as well as the relevance of different sequences and techniques (MR imaging and CT angiography) for identification was assessed. The presence of PTA
is an incidentally found vascular anomaly either on conventional diagnostic angiography, MRA or CTA. On MR imaging, the vessel was demonstrated as a flow void on T2weighted images connecting the cavernous internal carotid

MATERIALS & METHODS
According to individual patient anatomy, imaging planes and
a MR protocol were created to study patients with signs and
symptoms of neck and/or shoulder pain. The neurographic
protocol is intended to cover both the cervical spine and
brachial plexus. The study includes a control patient and
patients with clinical signs of pain.
RESULTS
Neck and shoulder pain is a common complaint. In the work
up for this complaint, a cervical spine MR imaging often is
ordered. However, if the results do not correspond to the
clinical presentation, further investigation is required,
including brachial plexus MR imaging. From our study we
generated an image protocol to cover the cervical spine and
the brachial plexus, resulting in more lesions detected to aid
in the explanation of the patient’s pain.
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CONCLUSION
A 3 T MR neurographic protocol was created for proper
visualization of the brachial plexus along with the cervical
spine in the work up for neck and shoulder pain. The intention of this investigation was to combine the two studies of
cervical spine and brachial plexus into one, achieve adequate
visualization for diagnosis, and to keep patient imaging time
to a minimum.
KEY WORDS: MR imaging, neurography, brachial plexus

abdominal wall and occurrence in the head and neck is distinctly uncommon. It is hoped that this presentation serves to
remind head and neck radiologists to include AF in their differential diagnosis of submandibular space lesions in children, especially when areas of hypo-intense T2 signal are
present. Most malignant lesions typically do not show this
characteristic. In addition, MR imaging provides excellent
anatomical detail; however, CT best demonstrates associated
osseous changes. Complete resection carries the highest likelihood of cure, but this usually is not possible due to perineural and perivascular involvement.
KEY WORDS: Aggressive fibromatosis, submandibular space
Scientific Exhibit 34

Scientific Exhibit 33
Aggressive Fibromatosis of the Submandibular Space
Policeni, B. A.1 · Smoker, W. J. W.1 · Casselman, J. W.2 · Kao,
S. C.1
1

2

University of Iowa, Iowa City, IA, A.Z. St-Jan Brugge,
Brujes, BELGIUM

PURPOSE
Aggressive fibromatosis (AF) is a rare, benign locally
aggressive tumor with infiltrative characteristics. Fewer than
12% involve the head and neck. In this exhibit we present the
MR and CT appearance of aggressive fibromatosis of the
submandibular space in four patients.
MATERIALS & METHODS
We present four cases of aggressive fibromatosis located in
the submandibular area. A child was examined recently at
our institution for assessment of a firm submandibular mass.
Serial CT and MR studies were performed. Pathology
demonstrated aggressive fibromatosis. Together with three
previous cases of aggressive fibromatosis in the submandibular area identified from our teaching files, we
reviewed the MR findings.
RESULTS
The lesions all appeared well defined, associated with
mandibular remodeling, and demonstrated isointense signal
on T1-weighted imaging, heterogeneous low signal with
some areas of high signal on T2-weighted imaging, and after
contrast administration, minimal to mild enhancement. The
CT study on our current patient showed mandibular bone
remodeling with new bone formation, best seen on the
reconstruction images processed at the Vitrea workstation.
CONCLUSION
Aggressive fibromatosis is a benign, locally aggressive
tumor with infiltrative characteristics. Many names have
been used to refer to this condition including extraabdominal
desmoid, desmoid tumor, well differentiated nonmetastasizing fibrosarcoma, grade I fibrosarcoma, and aggressive
fibromatosis. The last term emphasizes the clinical nature of
the disease process, indicating the aggressive behavior of the
sometimes relentless recurrences. These lesions usually arise
from connective tissue of muscle, the overlying fascia, or
aponeuroses. This most commonly occurs in the anterior

Digital Subtraction Dacryocystography. A Helpful Tool
in the Planning of the Treatment of Naso-Lacrimal
System Obstruction
Biscoito, L. · Vaz, F. · Kaku, P.
CUF Hospital
Lisbon, PORTUGAL
PURPOSE
1) To describe the normal anatomy and the main pathologic
patterns of obstruction that can be identified by dacryocystography, and 2) to evaluate the contribution of this exam in
the choice of the technique used to solve the obstruction.
MATERIALS & METHODS
The authors describe the technique used in 200 dacryocystography made to investigate ephiphora and/or dacryocystitis. Gender and age are specified. The type of obstruction,
complete or incomplete and the level of obstruction and also
the morphology of the permeable system left are characterized.
RESULTS
Indications for dacryocystography are discussed. Two main
different levels of obstruction can be individualized where
the treatment is very different: high in the canalicular system
and low obstructions (sac and ductus). The pattern of low
obstructions seems to be important in the choice of which
technique should be used to treat the obstruction - endoscopic dacryocystorinostomy, classic dacryocystorinostomy, or
endonasal stent. Dacryocystography can possibly help to
decrease the rate on failure of each technique when excluding those that are not good indications. Also in cases of
restenosis, dacryocystography plays a role.
CONCLUSION
Digital subtraction dacryocystography is an easy procedure
that shows clearly the level of the obstruction. It seems to be
a helpful exam before the treatment of the obstruction of the
naso-lacrimal system as the choice of the surgery technique
can depend on it and so the success of the treatment.
KEY WORDS: Dacryocystography, naso-lacrimal obstruction, ephiphora
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Scientific Exhibit 36

Multidetector Row CT in the Head and Neck at a Level I
Trauma Center: Evolution from 4 to 64 Detector Rows

Spectrum of Anterior Skull Base Anatomy and
Pathology: CT and MR Imaging Features

Sakai, O. · Wang, J. · Mian, A. · Barest, G. D.

Rotblat, M. V. · Lee, H.

Boston University
Boston, MA

New Jersey Medical School/University of Medicine &
Dentistry of New Jersey
Newark, NJ

PURPOSE
All three CT scanners have been upgraded to 64-multidetector row CT (MD CT) at our level I trauma center. Analysis
of the results of improved spatial and temporal resolution
yields interesting conclusions about the impact of this new
technology on the practice of neuro/head and neck radiology
at a busy trauma center. Select cases will highlight the benefits and implications on future clinical practice.
MATERIALS & METHODS
Through the radiology information system, patients with
head and neck pathologies scanned by 64-MD CT were identified at a level I trauma center. Stored image data were
reviewed including multiplanar reformations, maximum
intensity projections, volume, surface and virtual endoscopic renderings. Functional maps from CT perfusion exams
also were reviewed. Similarly, patients scanned with 4- and
16-MD CT were identified and reviewed.
RESULTS
64-MD CT provides higher longitudinal resolution images
with shorter scan times. This results in better quality MPR
and 3D reconstructions thereby improving evaluation of
multitrauma patients with skull/skull base, maxillofacial,
and cervical spine fractures. Thinner slices, shorter scan
times, decreased motion artifacts, and better contrast boluses yield improvements in CT angriography which has
become the first-line modality for detection and diagnosis of
vascular abnormalities. High-resolution MPR is useful to
delineate craniocaudal extension of lesions. High-resolution
images of the jaw help to identify periapical abscesses as
sources for larger soft tissue infections. The larger detector
size allows for greater coverage in brain CT perfusion studies (5 mm x 8 slices). Thinner sections result in a significant
increase in the overall number of images to review.
CONCLUSION
64-MD CT provides volume data with high longitudinal resolution in a shorter scanning time and an increase in the
number of images to review. The volume data provides many
options for reconstruction. Improved quality of reconstructed images further aids in making and confirming important
diagnoses. Our experience also brings to attention the need
for simultaneous improvements in PACS/workstation capacity.
KEY WORDS: Multidetector row CT, neck, CT angiography

PURPOSE
The radiologic appearances of anterior skull base anatomy
on CT and MR imaging are demonstrated with common and
uncommon pathology correlation. The underlying complex
anatomy limits the extent of surgical resections and may lead
to unwanted complications of radiation treatment. Therefore,
accuracy of pathology characterization and localization is
beneficial for optimal management.
MATERIALS & METHODS
The imaging spectrum of common and uncommon anterior
skull base pathologies is divided into two major categories.
The first category includes extracranial lesions extending
into the anterior skull base. The second category includes
lesions originating intracranially.
RESULTS
As imaging technology has improved, spiral CT provides
thinner sections and 3D reformations that provide more
detailed information. MR imaging demonstrates superior tissue characteristics and the extent of intracranial involvement. MR imaging and CT are unable to differentiate benign
from malignant neoplasms solely by signal characteristic
and enhancement patterns. Secondary signs such as bone
destruction and aggressive extension of the mass to adjacent
structures are suggestive of malignancy. Differentiating
benign from malignant lesions based on imaging, as well as
definition of the neoplastic extent, greatly assists in proper
treatment planning.
CONCLUSION
Cross-sectional imaging studies play a major role in establishing accurate location, extent, and characterization for
optimal treatment planning. Therefore, familiarity with
imaging techniques and findings of common and uncommon
anterior skull base tumors is important.
KEY WORDS: Skull base
Scientific Exhibit 37
Facial Growth Disturbances: A Pictorial Review
Malhotra, A.1 · Larheim, T. A.2 · Kakimoto, N.3 · Blaser, S. I.4
· Westesson, P.1
1

University of Rochester Medical Center, Rochester, NY,
University of Oslo, Oslo, NORWAY, 3Osaka University
Graduate School of Dentistry, Osaka, JAPAN, 4University of
Toronto, Toronto, ON, CANADA

2

PURPOSE
To illustrate the gamut of imaging findings in facial growth
disturbances.
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MATERIALS & METHODS
A pictorial review of facial growth disturbances resulting
from varied causes from a retrospective review of radiologic examinations (conventional radiology including panoramic views and CT including 3D reconstructions).

CONCLUSION
A number of growth disturbances may occur of the facial
bones and have an obvious impact on facial appearance and
vital functions. A combination of 3D images for overview
with 2D images for bony details represents up-to-date imaging of facial growth disturbances. This exhibit will provide
viewers with concise and in-depth knowledge of clinical and
imaging findings of facial growth disturbances.
KEY WORDS: Facial growth disturbances, imaging, CT
Scientific Exhibit 38
Common Neoplastic Lesions Involving the Central Skull
Base: CT and MR Imaging
Karimi, S. · Bradbury, M. · Mecca, M. · Pisinski, L. ·
Holodny, A. I.
Memorial Sloan-Kettering Cancer Center
New York, NY
PURPOSE
To present an educational module on common skull base
mass lesions. This includes a description of the imaging findings and relevant normal anatomy, as well as a discussion of
appropriate differential considerations.
MATERIALS & METHODS
CT and/or MR imaging of a number of different pathologically confirmed skull base mass lesions will be presented.
Mass lesions common to the skull base, including hemangioma, meningioma, plasmacytoma, chordoma, chondrosarcoma, metastasis, invasive pituitary adenoma, and infiltrative nasopharyngeal squamous cell carcinoma, will be discussed. The relevant imaging findings and pertinent anatomical considerations are reviewed.
RESULTS
The imaging findings for each case will include a description
of tumor extent and relevant anatomy. An appropriate differential diagnosis will be provided on the basis of the radio-

CONCLUSION
A practical approach to evaluating the imaging findings of
skull base lesions is crucial for arriving at a reasonable and
accurate differential diagnosis. Knowledge of the normal
anatomy is essential in assessing the extent of the tumor and
in aiding the clinician.
KEY WORDS: Skull base, mass, imaging
Scientific Exhibit 39
Imaging Findings in Benign Tumors of the Jaw
Malhotra, A.1 · Kakimoto, N.2 · Larheim, T. A.3 · Westesson,
P.1
1

University of Rochester Medical Center, Rochester, NY,
Osaka University Graduate School of Dentistry, Osaka,
JAPAN, 3University of Oslo, Oslo, NORWAY
2

PURPOSE
The purpose of this educational exhibit is to illustrate imaging findings of benign tumors of the maxilla and mandible
on CT and MR imaging.
MATERIALS & METHODS
This exhibit is based on high quality CT and MR imaging
studies of jaw tumors with clinical and pathologic correlation. We retrospectively reviewed these images and we will
illustrate a systematic approach to analyzing normal variants
simulating disease and benign lesions of the maxilla and
mandible with pathologic correlation using the most recent
WHO classification. Thus keratocystic odontogenic tumor,
ameloblastoma, odontogenic myxoma, osteoblastoma, ossifying fibroma, odontoma, giant cell granuloma, and other
lesions will be illustrated.
RESULTS
CT and MR image anatomy of maxilla and mandible is
reviewed and illustrated. CT and MR imaging have been
used widely for imaging maxillomandibular lesions, helping
to provide differential diagnosis, and accurately determine
the extent of lesions. CT is optimal for imaging bone resorption, sclerosis, cortical destruction and calcification. MR
imaging is superior to CT in regard to the internal soft tissue
characteristics and marrow evaluation of jaw. CT and MR
imaging often are complimentary in the diagnosis and characterization of benign jaw tumors.
CONCLUSION
CT and MR imaging are the prime modalities for diagnosis
of benign jaw tumors. This exhibit will illustrate the imaging
characteristics of benign jaw tumors and will give the practicing radiologists an opportunity to become familiar with
appearances of jaw tumors.
KEY WORDS: Jaw, benign tumors, imaging
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RESULTS
For the purpose of this exhibit, we have chosen to present
growth anomalies in facial bones in the following groups: 1)
Isolated disturbances: cleft lip, cleft palate, choanal atresia,
Tori Palatinus; 2) Fibroosseus lesions including fibrous dysplasia, cherubism; 3) Mandibular neck/ TMJ fracture; 4)
Infections; 5) Systemic disease: juvenile idiopathic arthritis;
6) Craniofacial dysostoses; 7) Congenital syndromes:
Down’s, Turner’s, Hemifacial microsomia, Treacher Collins,
achondroplasia, pyknodysostosis; 8) Ectodermal dysplasia;
9) Miscellaneous. The classic imaging features of these conditions are presented as a pictorial review along with “diagnostic pearls” to aid in their diagnoses.

logic findings, and key differentiating features and potential
pitfalls will be addressed. A concise clinicopathologic discussion will be provided.
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CT and MR Imaging of Malignant Tumors of Maxilla
and Mandible

Prognostic Factors of Nasopharyngeal Carcinoma
Investigated by MR Imaging and the Value of MR
Imaging in Local Outcome and Distant Metastasis

Malhotra, A.1 · Kakimoto, N.2 · Larheim, T. A.3 · Westesson,
P.1
1

University of Rochester Medical Center, Rochester, NY,
Osaka University Graduate School of Dentistry, Suita,
JAPAN, 3University of Oslo, Oslo, NORWAY
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PURPOSE
To illustrate CT and MR findings of malignant tumors of the
maxilla and mandible.
MATERIALS & METHODS
Conventional films, CT and MR imaging are the principal
means of investigating malignant tumors of maxilla and
mandible. These are a diverse group of lesions with three
broad categories: 1) Secondary invasion from adjacent
tumors, mainly carcinomas of oral cavity and sinuses, 2)
Primary tumors arising within the maxilla and mandible, and
3) Metastatic deposits from distant tumors. This exhibit is
based on high quality CT and MR imaging studies of jaw
tumors with clinical and pathologic correlation.
RESULTS
CT and MR imaging are valuable for accurate assessment of
disease extension within the bone, extraosseous tumor extent
and for assessing lymph node metastasis. Staging and treatment planning are dependent on accurate imaging findings.
CT is invaluable for assessment of bony structures and calcifications. Reformatted images available with the newer
multidetector scanners are very helpful. MR imaging is complimentary and helps to evaluate bone marrow and soft tissue characteristics of the tumor, including the extraosseus
extent.
CONCLUSION
CT and MR imaging are useful imaging modalities for diagnosis of malignant tumors of the maxilla and mandible.
Imaging is particularly helpful for staging and treatment
planning of these tumors.This exhibit will illustrate the
imaging characteristics of malignant tumors of the jaw and
will give the practicing radiologists an opportunity to
become familiar with their imaging characteristics.
KEY WORDS: Malignant tumors, jaw, imaging

Chen, C. C. C.1 · Ling, J. C.1 · Shy, C. G.2 · Hung, H. C.1 ·
Chen, W. S.1 · Wu, C. H.1 · Lee, T.1
1
Taichung Veterans General Hospital, Taichung, TAIWAN
REPUBLIC OF CHINA, 2Pingtung Christian Hospital,
Pingtung, TAIWAN REPUBLIC OF CHINA

PURPOSE
To retrospectively assess the prognostic meaning of tumor
characteristics depicted on pretreatment MR imaging for
local outcome, neck recurrence, and distant metastasis in
nasopharyngeal carcinoma (NPC) treated with neoadjuvant
chemotherapy and radiation therapy.
MATERIALS & METHODS
From June 1999 to September 2003, we studied 129 NPC
patients with MR imaging before and after treatment.
Eighty-seven patients were male and 42 were female, ages
ranged from 17 to 76 years. Neoadjuvant chemotherapy was
administered to all the patients. The radiotherapy protocol
was designed to deliver 70 to 74 Gy to the primary tumor
and clinically involved nodes. T1 and T2-weighted MR
imaging and after contrast enhancement imaging were
obtained in the axial, coronal, and sagittal plane in all
patients. The involvement of nasopharynx to the adjacent
anatomical structures and possible neck lymphadenopathy
were evaluated in detail. The primary tumor volume (PTV)
and the greatest dimension of neck lymph node were estimated. T and N staging was done according to the UICC
staging system. The median follow up to last contact of
patient was 39 months, with a range of 11 to 78 months. The
cutoff date for analysis was October 2005. All surviving
patients had been followed for a minimum of 2 years.
RESULTS
The pretreatment staging based on the UICC staging system
was performed by MR imaging in all 129 patients. The primary tumor staging was T1 in 23 cases, T2a in 19 cases, T2b
in 18 cases, T3 in 41 cases and T4 in 28 cases. Neck lymph
node staging was N1 in 28 cases, N2 in 69 cases, N3a in 27
cases and N3b in 3 cases. The PTV was ranged from 1.2 to
77.5 cc (median, 19.2 cc), and the greatest dimension of neck
lymph node was ranged from 0 to 12.3 cm. Totally, there
were 43 cases of treatment failure which were nasopharyngeal local and/or neck recurrence, and distant metastasis. In
the 11 local recurrent patients, primary tumor stagings were
T2b in 1 case, T3 in 2 cases and T4 in 8 cases and the average PTV was 24.3 cc. In the 36 distant metastasis patients,
the primary tumor stagings were T1 in 1 case, T2a in 2 cases,
T2b in 4 cases, T3 in 10 cases and T4 in 19 cases. The stagings of neck nodal metastasis were 6 cases in N1, 11 cases in
N2, 17 cases in N3a and 2 cases in N3b. The PTV was
ranged from 7.4 cc to 77.5 cc and the greatest dimension of
neck lymph node was ranged from 1.8 cm to 12.3 cm. It
seems no apparent relationship between primary tumor volume and local control or distant metastasis.
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CONCLUSION
Axial orientation shows most laryngeal pathology well. The
additional views of MR imaging in the coronal and sagittal
planes must be balanced against patient tolerance and ability
to lie still for a longer time than CT. However, multislice,
multidetector spiral CT scanners may provide the same
information with the reformatted sagittal and coronal
images.

KEY WORDS: Nasopharyngeal carcinoma, MR imaging,
prognostic factors

KEY WORDS: MR and CT anatomy, tumor spread, squamous
cell larynx
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Patterns of Spread of Laryngeal Cancer

Malignant Melanoma of the Pharyngeal Mucosa:
Presentation of Three Cases and Review of the Literature

Lee, C. · Duncan, T. · Godwin, R. · Given, C.
University of Kentucky
Lexington, KY

Yu, E.1 · Smith, R. M. L.1 · Kassel, E. E.1 · Bartlett, E. S.2
1

University of Toronto, Toronto,
Northwestern University, Chicago, IL

ON,

CANADA,

2

PURPOSE
Squamous cell cancer (SCCa) of the larynx is a major diagnosis and reason for imaging of the neck. Despite the fact
that diagnosis is often apparent on direct inspection, CT and
MR imaging helps define the nonmucosal patterns of spread,
providing the key information as to whether surgery is a
viable option. It is the purpose of this exhibit to review the
pertinent CT and MR anatomy of the larynx, and the possible pathways for tumor spread.
MATERIALS & METHODS
We have reviewed 236 patients with SCCa of the larynx over
a 15-year period studied by either CT or MR imaging. Tumor
and imaging findings were confirmed by surgery and pathology. This exhibit will feature these findings as well as provide normal CT and MR anatomy of the larynx.
RESULTS
Mucosal route of spread was most common (89%) with crossing of commissures common in TVC tumor. Superior spread
is via false VC from the true VC, up the walls of the supraglottic larynx, up the AE folds to the epiglottis. Inferior spread
is down to the cricoid, and possibly to esophagus. Submucosal
spread widens the thyro-arytenoid gap and arytenoids are sclerotic. Exolaryngeal spread (most common with pyriform
sinus) is around or through cartilage, or via spread to lymph
nodes, which can then spread out of the node, extracapsular.
Involvement of spine and prevertebral space is rare.

PURPOSE
Malignant melanoma is an aggressive neoplasm arising from
melanocytes. The majority of cases involve the skin. Primary
and secondary disease involving the mucosal sites of the
head and neck is rare. The purpose of this exhibit is to present cases of malignant melanoma involving the mucosa of
the extracranial head and neck.
MATERIALS & METHODS
The medical imaging database was reviewed to search for
cases of melanoma involving the head and neck. Three cases
of histologically proven melanoma involving mucosal sites
in the head and neck are presented. The clinical and imaging
features of these cases were reviewed.
RESULTS
Two of the three cases were primary lesions involving the
sinonasal cavity and pyriform sinus and the third is a case of
metastatic disease to the tonsil. Two were male patients and
the third a female. The average age was 56.7 years.
CONCLUSION
In this exhibit, we present the clinical and imaging findings
in three cases of melanoma involving mucosal sites in the
head and neck. A review of the literature also is provided.
KEY WORDS: Melanoma, pharyngeal mucosa, CT/MR imaging
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CONCLUSION
Pretreatment MR imaging of NPC is useful in evaluating the
primary tumor invasion and neck lymphadenopathy, and predicts local control and/or distant metastasis. The local recurrence appeared more readily in high T stage — T3 and T4.
Distant metastasis mostly occurred in patients of T3 and T4
in T staging and of N3 in N staging, or being with bulky neck
node involvement.
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Imaging Characteristics of Recurrent Pleomorphic
Adenoma of the Parotid Gland

64-Slice Volume CT Images of the Head and Neck: Value
of Isotropic Sagittal Reformations

Patel, P. P. · Moonis, G. · Loevner, L.

Kim, P. C. · Shewchuk, J. · Dalley, R. · Anzai, Y.

University of Pennsylvania Hospital
Philadelphia, PA

University of Washington
Seattle, WA

PURPOSE
Pleomorphic adenoma or benign mixed tumor is the most
common tumor of the salivary gland and represents 70% of
all parotid neoplasms. The vast majority of initially diagnosed pleomorphic adenomas are solitary lesions confined to
one parotid gland. Risk of recurrence is 43% after surgical
resection and can occur even as far out as 45 years after initial surgery. The elevated risk is due to the lack of a true capsule around the pleomorphic adenoma as well as the presence of small protrusions or pseudopodia that extend beyond
the central lesion. Despite the high risk of recurrence, there
is a paucity of information defining the imaging characteristics for recurrent pleomorphic adenomas. The goal of this
exhibit is to characterize the cross-sectional imaging features
of recurrent pleomorphic adenomas, comment on the pattern
and location of the recurrence, and emphasize the importance of recognizing tiny (sub cm) lesions.

PURPOSE
With the recent ability of acquiring nearly isotropic data
from rapid thin section axial scanning with 64-slice volume
CT (VCT), high quality images in virtually any desired
planes can be reformatted from the axial data set, typically
with little to no motion artifact. This could lead potentially
to a paradigm shift from visualizing diseases in axial sectional format to coronal and sagittal planes or three-dimensional volume. In order to detect an abnormality on neck CT
in multiple planes, radiologists should be familiar with sagittal and coronal CT anatomy of the neck. The purpose of this
study is to review the sagittal anatomy of the head and neck,
and to illustrate head and neck pathologies in multiplanar
reformations.

MATERIALS & METHODS
Retrospectively reviewed CT and MR imaging of the neck in
patients with pathologically proven recurrent pleomorphic
adenoma from the imaging database. All patients had undergone partial parotidectomy for pleomorphic adenoma in the
preceding months to several years.
RESULTS
Cross-sectional imaging characteristics of recurrent pleomorphic adenomas of the parotid gland are reviewed. The
following characteristics are noted consistently: 1) Marked
hyperintensity on T2-weighted images; 2) Variable enhancement pattern, ranging from solid areas of enhancement to
rim enhancement; 3) Propensity for lesions in the subcutaneous tissue; 4) Several lesions were tiny ranging from 3-4
mms; 5) Both solitary and multifocal lesions were seen; 6)
There were lesions distant from the operative bed, including
postauricular region, masticator space, and parapharyngeal
space.
CONCLUSION
We describe imaging characteristics of recurrent pleomorphic adenomas of the parotid gland. Solitary and multifocal
subcutaneous or multispatial markedly T2 hyperintense
lesions in the operative bed of patients with prior partial
parotidectomy for pleomorphic adenoma should suggest this
diagnosis.
KEY WORDS: Pleomorphic adenoma, recurrent, parotid
gland

MATERIALS & METHODS
Since the installation of VCT in April 2005, 413 cases of
neck CT were performed on GE Lightspeed VCT. Axial
images were acquired with 0.625 mm slice thickness with
0.985:1 pitch using automated tube current modulation
method and reformatted to 2.5 mm axial images as well as
1.25-2.5 mm coronal and sagittal images. Reformatted
images were viewed on an Advanced Workstation as well as
Vitrea.
RESULTS
The VCT reformatted sagittal neck anatomy of normal subjects is presented, with correlating axial and coronal images.
We have included several pathologic conditions for further
illustration. Specific attention was paid to temporal bone,
maxillofacial region, temporomandibular joint, cranial
nerves, and parapharyngeal and masticator spaces of the
head and neck. The addition of these reformations to the
standard axial, and often coronal images have potential benefit in understanding the extent of pathology. As the availability of this technique becomes more widespread, familiarity with the CT anatomy in relatively nontraditional planes
will be necessary.
CONCLUSION
Our review focuses on the sagittal CT anatomy of the neck,
as it represents an uncommon approach that is no longer limited to MR examination. Future studies will focus on the sensitivity of imaging in this plane to the detection of pathologic states compared to traditional axial and coronal planes,
and potential pitfalls that may be encountered.
KEY WORDS: Anatomy, neck, sagittal
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Cystic Neck Masses: A Pictorial Review
Noujaim, S. · Vohra, M. · Wang, A. · Silbergleit, R.
William Beaumont Hospital
Royal Oak, MI

CONCLUSION
This presentation includes a wide variety of congenital and
acquired cystic neck masses with discussion of their imaging
characteristics as well as location, age of onset, and whether
congenital vs acquired to help develop a practical approach
to diagnosis.
KEY WORDS: Cystic neck masses

PURPOSE
To discuss a practical approach to diagnosis of cystic neck
masses based on imaging characteristics, lesion location, age
of onset, and whether congenital vs acquired.

RESULTS
A reasonable differential or the diagnosis of a cystic mass
can be achieved by utilizing a practical approach. This
includes determining whether the lesion is congenital based
on the knowledge and location of the thyroglossal duct and
branchial apparatus. Age of onset, and anatomical location of
the lesion also plays an important role. In addition,
MR/CT/US imaging characteristics also can aid in differentiation. Congenital lesions that will be discussed include thyroglossal duct cysts which are the most common congenital
neck masses and classically present in midline or paramedian location in young adults. Branchial cleft cysts are congenital lesions classically located off midline anterior to the
sternocleidomastoid muscle, within the parotid gland, or in
the periauricular region. Developmental lesions such as dermoids and epidermoids classically are located within the
anterior oral cavity, in contrast with thyroglossal duct cyst,
which develops within the posterior aspect of the tongue,
when in the oral cavity. Ranulas are acquired cystic lesions
classically located within the anterior aspect of the sublingual space. A ranula in the floor of the mouth may rupture
and extend into the submandibular region and manifest as a
cystic mass. Lymphatic developmental anomalies such as
cystic hygroma present in the neonatal/pediatric population
most often posterior to the sternocleidomastoid muscle, in
the perimandibular and supraclavicular regions. Cystic
hygromas can be multiloculated and insinuate without
respect to fascial planes. Acquired lesions usually presenting
later in life include cystic necrotic lymph nodes from
metastatic squamous cell cancer and thyroid papillary cancer. Abscesses also are acquired lesions which can develop
from a variety of infectious processes including tuberculosis.

Various Imaging Features of Malignant Melanomas in
the Head and Neck
Toyoda, K. · Ito, K. · Endo, H. · Kikuchi, Y. · O’uchi, T.
Kameda Medical Center
Kamogawa-Shi, JAPAN
PURPOSE
In the head and neck region, mucosal malignant melanomas
of the nasopharynx or sinonasal cavity are rare, making up
no more than 0.6-0.9% of all melanomas. There have been
few reports of melanoma arising primarily in the parotid
gland. A recent report says besides adenoid cystic carcinoma
and squamous cell carcinoma, malignant melanoma in the
head and neck had MR evidence of perineural spread. The
purpose of our study is to illustrate and discuss MR imaging
features of malignant melanomas in our cases arising from
various sites of the head and neck.
MATERIALS & METHODS
Primary malignant melanomas in the sinonasal cavity,
nasopharynx, oropharynx, and parotid gland are reviewed on
MR imaging. All of these lesions had no background of cutaneous melanoma. A case with metastatic lymph node from
oropharyngeal melanoma also was reviewed. Their exact
localization, tumor configuration, signal intensities, contrast
enhancement pattern and other findings such as perineural
spread are evaluated retrospectively.
RESULTS
Most of our cases were melanotic melanoma, in which the
lesion was hyperintensity or isointensity to the nearby cerebral parenchyma on T1-weighted images and hypointensity
on T2-weighted images, and inhomogeneously enhanced by
contrast material. The tumor was seen arising from the nasal
septum or middle turbinate, with expansile polypoid shape in
three cases with mucosal melanoma in the nasal cavity. The
lesion extended to the ethmoid sinus and nasopharynx in two
cases and to the ethmoid and sphenoid sinuses in one case.
Enhancement effect with swelling of the olfactory nerve was
noted in one case, and enhancement in the Meckel’s cave to
foramen ovale in one case, indicating perineural invasion. In
a case with melanoma of the maxillary sinus, the mass lesion
is noted at upper part of the maxillary sinus, with bone
destruction of the orbital floor and invasion to the orbit. The
infraorbital foramen was widened and enhanced.
Hemorrhagic fluid was collected at the basal part of the maxillary sinus. In cases with nasopharyngeal melanoma, elevated tumor was localized at the surface of bilateral and posterior mucosal wall. Enhancement effect was noted along ipsilateral V3 nerve (the mandibular foramen to the foramen
ovale). Oropharyngeal melanoma had a flattened configura-
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MATERIALS & METHODS
This is a pictorial review which presents a wide variety of
congenital and acquired cystic neck masses. This presentation includes thyroglossal duct anomalies (cysts), branchial
apparatus anomalies (1st, 2nd, 3rd), lymphatic developmental anomalies (cystic hygroma), cystic necrotic lymph nodes
(metastatic squamous cell cancer, thyroid papillary cancer),
inflammatory (TB, abscess), salivary gland related cyst (ranula), and closure defects (dermoid/epidermoid). CT, MR
imaging, and ultrasound images will be used to illustrate
these various conditions. Anatomical drawings of these
lesions and of the embryologic model of the branchial apparatus and of the thyroglossal duct will aid in the understanding of these congenital/developmental anomalies.
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tion. In a case with primary parotid melanotic melanoma, the
tumor was lobulated with hypointense capsule and no perineural enhancement effect along facial nerve.
CONCLUSION
It is needed to be aware of various original sites and configuration of melanomas in the head and neck. Mucosal
melanoma may have perineural enhancement on postcontrasted T1-weighted image, indicating perineural spread.
KEY WORDS: Melanoma, head and neck, MR imaging

CONCLUSION
A wide range of PPF pathology can occur. Morphologic
changes including bony erosion and PPF enlargement, fat
replacement, and enhancement of the PPF are useful for in
the interpretation and evaluation of PPF lesions on CT and
MR imaging.
KEY WORDS: Pterygopalatine fossa, MR imaging, CT
Scientific Exhibit 49

Scientific Exhibits

CT and MR Imaging of Jaw Cysts
Scientific Exhibit 48
Pterygopalatine Fossa: Disease Spectrum
Lee, H. K. · Smoker, W. R. K. · Clark, E. · Moritani, T. ·
Maley, J. E. · Sato, Y.
University of Iowa Hospital and Clinic
Iowa City, IA
PURPOSE
The pterygopalatine fossa (PPF) is an inverted pyramidal
space which serves as a major crossroad between the nasal
cavity, orbit, infratemporal fossa, cranial cavity, nasopharynx, and oral cavity. A wide spectrum of pathology can occur
in the PPF as it contains fatty tissue, the superior alveolar
nerves, the maxillary division of the trigeminal nerve, pterygopalatine ganglion, sphenopalatine ganglion, the distal
internal maxillary artery and its branches, and a network of
veins. The purpose of this exhibit is to demonstrate CT and
MR imaging findings of PPF pathology.
MATERIALS & METHODS
Precontrast axial T1-weighted images were used for detection of fat replacement by the lesions. Postcontrast fat sat
coronal and axial T1-weighted images were used for evaluation of tumor extent, including perineural spread. One mm
thickness axial CT imaging was performed, and coronal and
sagittal reconstructions were made. CT with bone window
were used to evaluate bony erosion and remodeling, including widening of the PPF. Additional illustrative cases also
were selected from collected files.
RESULTS
All pathologies show loss of the fatty tissue in the PPF and
enhancement in the PPF. Lesions involving the PPF can be
classified as neoplastic and nonneoplastic. Neoplastic
lesions include primary and secondary lesions. Primary PPF
lesions sometimes produce marked enlargement and bony
erosion of the PPF. These lesions include schwannoma, juvenile angiofibroma, paraganglioma, hemangioma, meningioma, dermoid, leukemia, rhabdomyosarcoma and Ewing’s
sarcoma. Secondary neoplastic lesions produce enhancement
and bony erosion of the PPF, without prominent enlargement
of the PPF. These lesions include direct or perineural extension from maxillary carcinoma, nasopharyngeal carcinoma,
palatine carcinoma, oropharyngeal carcinoma, and skin carcinoma. Nonneoplastic PPF lesions generally produce
replacement of the PPF fat by an infiltrating lesion, causing
little or no enlargement of the PPF. Such disease includes
invasive aspergillosis, Wegener’s granulomatosis, and
inflammatory pseudotumor.

Malhotra, A.1 · Kakimoto, N.2 · Larheim, T. A.3 · Westesson,
P.1
1

University of Rochester Medical Center, Rochester, NY,
Osaka University Graduate School of Dentistry, Osaka,
JAPAN, 3University of Oslo, Oslo, NORWAY
2

PURPOSE
The purpose of this educational exhibit is to illustrate CT and
MR findings of cystic lesions of the maxilla and mandible.
MATERIALS & METHODS
This exhibit is based on high quality CT and MR imaging
studies of jaw cysts with clinical and pathologic correlation.
We retrospectively reviewed these images and we will illustrate a systematic approach to analyzing normal variants
simulating disease and jaw cysts of the maxilla and mandible
with pathologic correlation using the most recent WHO classification. Thus periapical cyst, residual cyst, paradental
cyst, lateral periodontal cyst, incisive canal cyst, follicular
cyst, and glandular odontogenic cyst will be illustrated.
RESULTS
CT and MR image anatomy of maxilla and mandible is
reviewed and illustrated. CT and MR imaging provide the
precise structure and the excellent delineation of jaw cysts.
Advanced imaging is particularly useful for larger cystic
lesions which cannot be characterized adequately by conventional radiography. CT is optimal for the diagnosis of
hard tissues including bone. MR image is superior to CT in
regard to the internal structures and the lesion’s soft tissue
characteristics.
CONCLUSION
CT and MR imaging are useful imaging modalities for diagnosis of jaw cysts. Cystic lesions of the jaw are often incidental findings and radiologists need to be confident about
interpretation of these lesions. This exhibit will illustrate the
imaging characteristics of jaw cysts and will give the practicing radiologists an opportunity to become familiar with
their imaging characteristics.
KEY WORDS: Jaw cysts, CT, MR imaging
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Neuroradiology of the Olfactory System

Surgical Anatomy of the Temporal Bone

Carmody, R. F. · Erly, W. K. · Seeger, J. F. · Hemmer, J. F. ·
OH, E. S.

Kim, P. C. · Santos, F. · McCulloch, T. · Anzai, Y. · Cohen,
W.

University of Arizona Medical Center
Tucson, AZ

University of Washington
Seattle, WA

PURPOSE
To illustrate the anatomy of the olfactory apparatus from the
nasal mucosa to the olfactory region of the cerebral cortex,
and to show representative examples of pathologic processes affecting this system.

PURPOSE
Temporal bone imaging by CT has been performed traditionally with axial and coronal acquisitions. This imaging
display was determined by the available technology.
However, surgical approach to the temporal bone for procedures such as mastoidectomy, cholesteatoma evacuation, or
cochlear implantation is from a lateral approach. This suggests that the traditional imaging planes may be minimally
informative in relation to surgical planning. Imaging orthogonal to the longitudinal plane of the petrous bone, specifically both parallel and perpendicular to the superior semicircular canal has been shown previously to be a more practical
and accurate approach to anatomical imaging for the otolaryngologist as described by Manolidis (1). This technique
better mirrors the sequential anatomical landmarks the surgeon encounters intraoperatively and has become possible
with the development of multidetector CT scanners. These
imaging planes are unfamiliar to most radiologists.

MATERIALS & METHODS
The anatomical and physiologic bases for olfaction are
reviewed, and these will be presented in anatomical drawings and diagrams. A series of conditions that produce anosmia or, alternatively, olfactory hallucinations are presented.
RESULTS
Conditions affecting the nasal receptor cells include infection, chronic allergic rhinitis, sinonasal polyposis, and chemical irritation (e.g., heavy smoking). The olfactory fila,
which pass through the cribriform plate to the olfactory bulb,
are vulnerable to shear forces from closed head injury.
Tumors which are likely to occur in the region of the cribriform plate and which can present with an olfactory groove
syndrome include meningioma, ethmoid sinus carcinoma,
and esthesioneuroblastoma. Primary bone lesions, such as
fibrous dysplasia, also can affect the cribriform plate. Large
ethmoid or frontal sinus mucoceles may compromise the
anterior olfactory pathways. Degenerative conditions, such
as Parkinson disease, Alzheimer disease, and Huntington
chorea, may produce anosmia by affecting the higher-order
olfactory pathways. Korsakoff psychosis results in inability
to discriminate among odors. Congenital disorders that
affect the olfactory apparatus include Kallmann syndrome
and nasoethmoidal encephalocele. Olfactory-uncinate
seizures usually are caused by a lesion in the orbitofrontal
cortex or mesial temporal lobe, though they are sometimes
idiopathic. All of the above entities are, of course, best
examined by MR imaging. CT may play an adjunctive role
in diseases of the paranasal sinus and bone lesions.
CONCLUSION
The olfactory system is a complex neuroanatomical pathway
involving the primary olfactory neurons, olfactory bulbs and
tracts, anterior perforated substance, amygdala and temporal
lobes, and thalamus. Anosmia can be caused by interruption
of this pathway at any point from the olfactory receptor neurons in the nose to the primary olfactory cortex in the temporal lobes. Many of the conditions that may result in anosmia or olfactory hallucinations, such as trauma, tumor, and
infection, are well demonstrated by MR imaging.
KEY WORDS: Olfactory system

MATERIALS & METHODS
Cadaveric specimens were imaged using a 16-slice multidetector CT scanner using 0.625 mm slice thickness. Scans
were reformatted along a plane orthogonal to the long axis of
the petrous bone in addition to the traditional coronal projections. These specimens subsequently were sectioned in
the laboratory along the same imaging planes for anatomical-radiologic correlation and to demonstrate the surgical
anatomy as encountered by the otolaryngologist in the
course of temporal bone dissection.
RESULTS
From this approach to imaging using CT correlation with
cadaveric examples, the anatomical and pathologic anatomy
as it pertains to surgical intervention can be appreciated, and
may facilitate communication with the referring clinicians.
Typical surgical pitfalls that may be appreciated by this
approach include low petrous tegmen predisposing to dural
tear, high jugular bulb or superior petrosal sinus, anomalous
course of the facial nerve or dehiscence of the fallopian canal
(2). The appearance of these structures are well known on
traditional coronal and axial imaging but are less familiar to
the radiologist using an oblique lateral projection.
CONCLUSION
Our goal is ultimately a complete CT surgical-anatomical
atlas of the temporal bones examining both normal and diseased states in the above-described surgical planes. This
approach requires learning familiar anatomy and pathology
from a novel perspective. The advent of MD CT may herald
a change in CT imaging paradigm to one based upon and tailored to each specific clinical/surgical need. It will be the
subject of further study if interpreting or viewing images in
these novel planes exclusively have any effect on the accuracy of interpretation of pathologic states compared to standard planes of imaging.
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cochlear implant surgery. The abnormalities identified on
MR imaging (such as cochlear nerve aplasia) appear to have
greater bearing on the cochlear implantation process.
CONCLUSION
High-resolution CT and now MR imaging are baseline
investigations required prior to cochlear implant surgery.
Both these modalities provide exquisite anatomical details
and important information, necessary to the cochlear implant
surgeon, with MR imaging being more sensitive and specific.
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Pictorial Depiction of MR Imaging/CT in Congenital
Temporal Bone Anomalies, in Patients for Cochlear
Implant
Gupta, S. S. · Maheshwari, S. R. · Kirtane, M.
PD Hinduja Hospital
Mumbai, INDIA

KEY WORDS: Temporal bone, congenital, cochlear implant
Scientific Exhibit 53
Radiologic Spectrum of Lesions of the Petrous Apex:
“Don’t Touch” to Life Threatening
Razinia, S.1 · Lev, M. H.2 · Lev, S.1
1

PURPOSE
High-resolution CT and MR imaging provide vital information and are baseline investigations, necessary in patients
posted for cochlear implant surgery. MR imaging now is
being used increasingly to study the membranous labyrinth
and the cranial nerves, and it provides accurate and exquisite
anatomical details. The purpose of this paper is to depict a
pictorial essay of the varied congenital temporal bone anomalies seen in patients who are being investigated for cochlear
implant surgery.
MATERIALS & METHODS
Three hundred and twenty patients, for cochlear implant surgery underwent HR CT and MR imaging, in our institution.
Of these, 25 patients had congenital temporal bone anomalies. The age group seen with congenital anomalies was
between 1 and 7 years. High resolution CT scan was
obtained using thin 1 mm slices in oblique axial and coronal
planes. In patients who could not lie down in prone coronal
position, due to sedation, coronal reformations were
obtained from the axial CT data. A 3D steady state sequence
(3D FIESTA - fast imaging enabling steady state acquisition)
was used to image the posterior fossa on MR imaging.
Coronal and sagittal reformations were obtained from this
data, along with 3D MIP reconstruction for the membranous
labyrinth. Routine T2-weighted axial sequence was obtained
through the brain.
RESULTS
Several different types of anomalies were identified involving mainly the inner ear in the patients for cochlear implant.
There were associated anomalies in the middle and external
ear in some patients. Several inner ear anomalies involving
the cochlea, modiolus, vestibule, endolymphatic duct/sac
and the cochlear nerve were identified. The membranous
labyrinthine anatomy, including visualization of the modiolus and vestibular acqueduct, as well separate identification
of the vestibular and cochlear nerves were well depicted on
the MR 3D steady state sequence. The anomalies include
common cavity, Mondini malformation/variants, attenuation
or deficient modiolus, dilated vestibular acqueduct/sac, and
cochlear nerve aplasia. The information visualised on MR
imaging, in conjunction with HR CT, is extremely useful for

Nassau University Medical Center, East Meadow, NY,
Massachusetts General Hospital, Boston, MA

2

PURPOSE
Lesions of the petrous apex are characterized by their insidious nature and the potentially grave complications when
diagnosed late. The purpose of this exhibit is to review the
diversity of these lesions and to provide a simplistic
approach to their diagnosis.
MATERIALS & METHODS
We retrospectively reviewed the imaging studies (CT/CTA,
MR/MRA, DSA) of patients with petrous apex lesions, performed during the past 10 years at our respective institutions.
We present those entities that are benign and do not warrant
additional intervention, emphasizing key radiologic features
to distinguish them from their more destructive counterparts.
The anatomy of the petrous apex is reviewed and lesion categorization is based on location and etiology.
RESULTS
The vital structures harbored by and in close proximity to the
petrous apex, underscore the importance of an accurate evaluation of lesions in this area. Infectious lesions such as
petrous apicitis or skull base osteomyelitis can result in
severe life threatening conditions including meningitis and
brain abscess. More chronic inflammatory lesions such as
cholesterol granuloma, cholesteatoma, eosinophilic granuloma and mucocele generally produce symptoms through slow
erosion and/or mass effect. Vascular lesions such as ICA
aneurysm, arteriovenous malformation, aberrant ICA and
high-riding jugular bulb may produce pulsatile tinnitus. The
latter two may be mistaken for mass lesions upon too cursory a CT review and should definitely be left alone. Other
entities that are “no-touch” include asymmetric marrow and
pneumatization, fibrous dysplasia, and cephalocele.
Neoplastic lesions are rare, and include schwannoma,
meningioma, chondrosarcoma and glomus tumors. The radiologist should be alerted especially to lesions that may arise
elsewhere, such as an elusive laterally placed chordoma or
atypical nasopharyngeal carcinoma. The encroachment of
these lesions on surrounding tissue and resultant morbidity,
warrant the need for intervention.

ScientificExhibits.qxp

3/9/2006

10:59 AM

Page 413

413
CONCLUSION
Petrous apex lesions pose a unique challenge to the radiologist, for which an understanding of the natural history of the
disease processes is essential. The proximity of aggressive
infectious/inflammatory and neoplastic lesions to vital intra
and extracranial structures, as well as the potential for catastrophic mismanagement of benign entities, makes prompt
and accurate diagnosis especially important.
KEY WORDS: Petrous apex
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Evaluation of Measurement Size Using CT, MR Imaging,
and Angiography Systems in Pulsatile Cerebral
Aneurysm Models
Takao, H.1 · Murayama, Y.1 · Saguchi, T.1 · Ishibashi, T.1 ·
Ebara, M.1 · Irie, K.1 · Matsumoto, T.2 · Iwasaki, K.2 · Umezu,
M.2 · Abe, T.1
1

The Jikei University School of Medicine, Tokyo, JAPAN,
Waseda University, Tokyo, JAPAN

2

PURPOSE
Morphological evaluation of cerebral aneurysms prior to the
endovascular treatment is crucial. We validated the accuracy
of three different imaging methods: 1) CT angiography
(CTA), 2) time-of-flight MR angiography (TOF MRA), and
3) digital subtraction angiography (DSA) by measuring in
vitro pulsatile aneurysm models.
MATERIALS & METHODS
Elastic silicon aneurysm models were created and connected
to an artificial heart pulsatile circuit system. These models
were prepared with different membrane thicknesses of 0.6
mm and 1.0 mm. Blood pressure was set at 120/80 mmHg,
and pulse rate at 60 beats/min. Three-dimensional TOF
MRA, contrast-enhanced CTA, and DSA were performed on
these models, and each image data were compared with real
measurements of pulsatile circuit system. All the source
images were processed and analyzed on the same workstation program.
RESULTS
In 0.6 mm model, CTA measurements showed wider
aneurysm neck than real measurement (p < 0.05). Time-offlight MRA showed significantly increased height of the
aneurysm than actual measurements (p < 0.01). There was
no significant difference in dome width among three modalities. In the 1.0 mm model, both CTA and TOF MRA showed
significantly increased neck size (p < 0.01, p < 0.05, respectively). Data obtained from DSA was consistent with actual
measurements throughout.

CONCLUSION
CT angiography overestimated true values of aneurysm neck
size and TOF MRA also overestimated height of aneurysms
in this in vitro model. Although these imaging methods are
valuable for detecting cerebral aneurysms in most clinical
cases, findings observed in this study should be taken into
consideration especially when precise measurement is
required prior to endovascular treatments. Digital subtraction angiography remains the gold standard for evaluating
aneurysm morphology and size measurement.
KEY WORDS: Aneurysm measurement, pulsatile cerebral
aneurysm models, partial volume effect
Scientific Exhibit 55
Intracranial Arterial Aneurysm
Targeting the Outer Vessel Wall

Vasculopathies:

Krings, T.1 · Piske, R. L.2 · TerBrugge, K. G.3 · Lasjaunias, P.
L.4
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PURPOSE
The pathogenesis of intracranial arterial aneurysms (AA) has
been debated for many years and still remains unclear,
although these entities might pose life-threatening risks to
the patient and understanding the disease is of utmost importance for choosing treatment concepts. Apart from the “classical” berry-type aneurysm, there are different other types of
intracranial AA such as infectious, dissecting or giant, partially thrombosed aneurysms. From the clinician’s perspective, the hypothesis that some of these intracranial
aneurysms might be due to abluminal factors has been put
forward for many years.
MATERIALS & METHODS
Both this hypothesis and the empirical use of antiinflammatory drugs in giant intracranial aneurysms have been confirmed by recent experimental studies that found out that an
enzyme involved in the inflammatory cascade (5-lipoxygenase or 5-LO) promotes the pathogenesis of specific
aneurysm in humans. 5-LO generates different forms of
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leukotrienes that are potent mediators of inflammation. An
adventitial inflammation leads to a weakening of the media
from the abluminal part of the vessel wall by the release of
proinflammatory factors that invade the media, thereby
degrading the extracellular matrix, the elastic lamina of the
vascular wall, and, finally, the integrity of the vessel lumen
which in turn results in a dilation of the vessel and aneurysm
formation. In addition, neoangiogenesis of vasa vasorum is
encountered in close proximity to 5-LO activated
macrophages.
RESULTS
In addition to this biological cascade, we argue that repeated
subadventitial bleedings from the new vasa vasorum play an
important part in aneurysm pathogenesis due to a progressive increase in size mediated by the apposition of new layers of intramural hematoma within the vessel wall.
Intracranial giant arterial aneurysms can therefore be regarded as a proliferative disease of the vessel wall induced by
extravascular activity.

CONCLUSION
Regarding certain aneurysmal vasculopathies as an abluminal disease might alter current therapeutic strategies since
therapy should not only aim at the intraluminal repair of the
artery. One also should consider a treatment regimen that is
able to cross the vessel wall to reach the vasa vasorum. Drug
eluting stents placed proximal to the lesion and targeted to
the origin of the vasa vasorum could be considered as a
potential future option. “Intelligent” MR imaging contrast
agents (i.e., macrophage marking) could be used to detect
vasa vasorum proliferation and weakening of the vessel wall
in vivo.
KEY WORDS: Giant aneurysm, vasa vasorum
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Learning Points for the Endovascular Management of
Carotid-Cavernous Fistulae
Bradley, M. D. · Molyneux, A. J. · Lewis, T. T. · Renowden,
S. A.
Frenchay Hospital
Bristol, UNITED KINGDOM
PURPOSE
Carotid-cavernous fistulae may be direct or indirect, the latter usually following a relatively benign course and often
closing spontaneously. Presentation reflects their pattern of
venous drainage. Treatment of carotid-cavernous fistulae
should only be undertaken when ocular symptoms are particularly severe, when there is a threat to a patient’s vision or
when drainage is via cerebral cortical veins where with a risk
of hemorrhage or cortical dysfunction due to venous hypertension. We describe the various endovascular management
options available and illustrate with numerous examples the
endovascular routes into the cavernous sinus and demonstrate a range of embolization techniques using coils, balloons, particles and Onyx® [disclaimer - Onyx® is not
licensed for the treatment of carotid-cavernous fistulae].
MATERIALS & METHODS
The direct fistulae may be caused by trauma or rupture of
intracavernous aneurysms. They are usually high flow and
treatment may be transarterial through the defect in the internal carotid artery using detachable balloons, coils or Onyx®
to occlude the cavernous sinus. The latter approaches may
require balloon protection of the internal carotid artery to
lessen the risk of embolic material herniating through the
defect and into the internal carotid artery. Alternatively,
transvenous occlusion of the cavernous sinus using coils
may be performed using either the inferior petrosal sinus,
superior petrosal sinus, or superior ophthalmic vein to access
the cavernous sinus. The superior ophthalmic vein may be
approached endovascularly via the facial vein, but in difficult cases a direct surgical cannulation may be required. A
combination of transarterial and transvenous approaches is
sometimes necessary to occlude the fistula. Indirect fistulae
may be occluded using particulate embolization of the external carotid arterial feeders but often this treatment is not permanent and transvenous occlusion of the cavernous sinus
using coils often is necessary. Particulate embolization risks
embolic complications through potential anastomoses with
the internal carotid and ophthalmic circulations. It is important to be aware that occasionally, venous drainage may alter
spontaneously between diagnostic angiography and treatment and various routes to the cavernous sinus should be
considered at the planning stage to address this. Complete
occlusion of the cavernous sinus is occasionally not possible;
however, the remaining cavernous sinus and fistula may go
onto occlude spontaneously at follow up.
RESULTS
All these learning points are illustrated.
CONCLUSION
A wide range of endovascular approaches and embolization
options are available to manage carotid-cavernous fistulae
and all should be in the armamentarium of the intervention-
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al neuroradiologist if treatment of these variable lesions is to
be successful. The range of underlying pathologies and problems posed by variable venous anatomy, which may change
over time or during a procedure, demands this broad
approach. This is well illustrated with examples including
some of the potential complications.
KEY WORDS: Carotid-cavernous fistula, embolization

CONCLUSION
Stent-assisted embolization of fusiform and complex dysplastic aneurysms is a safe alternative to parent vessel sacrifice and can result in satisfactory parent vessel reconstruction in many patients. Trackability of the Neuroform stent
and its precise deployment does not seem to be problematic.
Long-term safety and patency rates are still to be determined.
KEY WORDS: Fusiform aneurysm, stent, embolization
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Gandhi, D. · Lassig, J. · Ansari, S. · Nicol, E. · Gemmete, J.
· Razack, N. · Thompson, B. G.
University of Michigan
Ann Arbor, MI
PURPOSE
To present representative cases of complex, dysplastic, or
fusiform and extremely wide-necked aneurysms treated with
Neuroform stent assistance and discuss the technical results
of stent-assisted coil embolization and parent artery reconstruction.
MATERIALS & METHODS
Treatment of complex, very wide-necked dysplastic or
fusiform aneurysms presents a formidable technical challenge. Such aneurysms have been treated successfully in the
past with parent vessel sacrifice with or without extracranial
to intracranial circulation bypass. However, introduction of
Neuroform stent adds another dimension to the treatment of
such aneurysms and allows the interventionist to preserve
the parent artery. For this exhibit, we have selected representative cases of such aneurysms from our database. We
will present examples of fusiform aneurysms, extremely
wide-necked dysplastic aneurysms, dissecting intracranial
aneurysm, and one example of lacerated vertebral artery
with giant fusiform pseudoaneurysm.
RESULTS
We have treated 15 fusiform or extremely dysplastic, widenecked aneurysms with stent assistance in the last 18
months. All aneurysms were stented initially with
Neuroform intracranial stent (Boston Scientific) and then
embolized with GDC or hydrocoils. Stent placement was
technically successful in all patients. In one patient with
midbasilar sidewall aneurysm, the aneurysm thrombosed
spontaneously without requiring any coil embolization. In
two patients, placement of stent resulted in compartmentalization of aneurysm and the resulting two sacs of original
aneurysm were treated separately. There were four complications in this series. One patient initially presented with
Grade 5 SAH and she died the next day after the procedure
from a ventirculostomy-related hemorrhage. One patient had
a delay in stent stenosis resulting in perforator territory
infarct. In addition, there was one instance of stent migration
that was clinically asymptomatic and one patient suffered
from pressure symptoms on the brainstem consequent to
mass effect from a fusiform basilar artery aneurysm.

Scientific Exhibit 58
Value of Angiographic CT for Diagnosis and
Endovascular Treatment of Spinal Arterial Dural
Arteriovenous Fistulas and Spinal Arteriovenous
Malformations
Benndorf, G. · Strother, C. M. · Klucznik, R. P.
Baylor College of Medicine
Houston, TX
PURPOSE
Study of anatomical characteristics of spinal dural arteriovenous fistulas (SDAVFs) and spinal arteriovenous malformation (SAVMs) using angiographic computed tomography
(ACT).
MATERIALS & METHODS
Four patients with symptoms typical for spinal arteriovenous
shunts undergoing diagnostic digital subtraction angiography (DSA) and endovascular treatment of a SDAVF (3) and
a SAVM (1) and underwent additionally a rotational
angiogram to obtain an ACT (DYNA-CT) using the following parameters: flat detector (FD) bi-plane angiographic system (Axiom Artis dBA, Siemens Medical, Erlangen); parameters: 10/20 sec, 538 projections, 0.8°/0.4° increment, 512 x
512 matrix, 273-538 projections, 220° total angle. Image
postprocessing was performed using volume rendering (VR)
and multiplanar reconstructions (MPRs) on a commercially
available workstation (LeonardoX, Dyna-CT).
RESULTS
In all cases, arterial supply and venous drainage of the arteriovenous shunting were well identifiable on ACT images. In
addition, the relationship of AV shunt draining veins to adjacent structures such as the bony foramina and the spinal
canal could be demonstrated using axial, cross-sectional
MPRs, difficult to assess using standard DSA. In one case
the MPRs allowed better to delineate the fistula’s supply
involving the anterior spinal artery and requiring surgical
clipping for definite treatment.
CONCLUSION
Angiographic CT provides valuable additional information
in the evaluation of small arteriovenous shunts of the spinal
canal. It provides high-resolution 3D imaging allowing to
better understand anatomical characteristics of these rare
lesions and their relationship to adjacent soft tissue and bony
structures.
KEY WORDS: Angiographic CT (ACT), anatomy, spinal
AVM
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Treatment of Complex, Wide-Necked and Fusiform
Aneurysms and Parent Artery Reconstruction with
Neuroform Stent Placement and Subsequent Coil
Embolization
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External Carotid Artery Collateral Circulation: Pitfalls
to Avoid when Performing Carotid Artery Stenting
Satti, S. · Koenigsberg, R. · Cohen, W. · McCormick, D. ·
Hildrew, D.

Scientific Exhibits

Drexel University College of Medicine (formerly MCP
Hahnemann)
Philadelphia, PA
Carotid artery stent-supported angioplasty may jeopordize
the integrity of the external carotid artery (ECA) origin due
to luminal compromise of the potentially crossing stent, particularly when the ECA origin is stenotic. Due to the potential for extensive cervical collaterals, this can be acceptable
without serious clinical sequelae. However, the external
carotid artery can provide collateral blood flow to the ophthalmic or vertebral arteries, and ECA closure in such
patients could be devastating. In this exhibit, we review the
normal anatomy and branches of the external carotid artery
emphasizing common collateral pathways from the external
carotid artery to the intracranial circulation. Case examples
highlighting situations for ECA preservation are demonstrated.
KEY WORDS: Carotid stent, external carotid artery
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Pictorial Review of Pediatric Stroke
Siddiqui, A.1 · Siddiqui, A.2 · Brew, S.1 · Cox, T.1,2 ·
Robertson, F.1
1

National Hospital for Neurology and Neurosurgery,
London, UNITED KINGDOM, 2Great Ormond Street
Hospital for Children, London, UNITED KINGDOM
PURPOSE
To review the CT and MR imaging of stroke in the pediatric
age group.
MATERIALS & METHODS
We present an illustrative review of stroke in the pediatric
population ranging from infancy to childhood. Unlike adults,
stroke in children has a varied etiology and myriad imaging
appearances. At our specialist institutions, we have reviewed
different types of stroke in different age groups in the pediatric population with a view to highlight the key imaging
features.
RESULTS
Diagnosing stoke in the pediatric age group is extremely difficult due to lack of early clinical recognition. Moreover, the
etiologies are manifold, the imaging appearances are varied

and socio-economic impact enormous, hence the need for
early identification and imaging. Stroke in childhood could
be arterial or venous, hemorrhagic or otherwise, global as in
hypoxic encephalopathy or limited to a vascular territory.
Common causes include congenital heart diseases, endocarditis, hematologic disorders, coagulopathies, metabolic
conditions, vasculitis, vasculopathies and dissections. In the
perinatal and neonatal period, the severity of the hypoxic
insult and the age of gestation determine the location and
imaging appearances. These vary from periventricular leucomalacia to ulegyria to laminar cortical necrosis and cystic
basal ganglionic necrosis.
CONCLUSION
Recognizing the early features of stroke is vital to management. Moreover, understanding the pattern of involvement
gives a vital clue to the type and severity of insult and the age
at which the event occurred. This exhibit reinforces our
understanding of the varied imaging appearances of stroke in
the pediatric age group.
KEY WORDS: Stroke, pediatric, cerebrovascular
Scientific Exhibit 61
CT, MR Imaging, and MR Spectroscopy Findings in
Cree Leukoencephalopathy: A Case Series from Western
Canada
Harder, S. L. · Gourgaris, A. M. · Huntsman, R. J. · Seshia,
S. · Lowry, N. · Lemire, E. G. · Robinson, C.
University of Saskatchewan
Saskatoon, SK, CANADA
PURPOSE
To describe the neuroimaging findings in a series of four
patients with Cree leukoencephalopathy (CLE) from
Saskatchewan, Canada.
MATERIALS & METHODS
The authors retrospectively examined the medical records
and neuroimaging findings of four infants with CLE (March
1996 - September 2005). Investigations included CT (n = 3),
MR imaging (n = 4), MR spectroscopy (MRS) (n = 1, multivoxel PRESS, TR/TE = 3000/144 msec), genetic analysis
of the translation initiation factor 2B (EIF2B5) gene (n = 1)
and autopsy (n = 1).
RESULTS
Four Cree infants (5 - 12 months old) presented with seizures
following flu-like symptoms with subsequent development
of hypertonia, hyperreflexia, generalized myoclonus, and
progression to death within 5 months of presentation in three
of the patients. Autopsy performed on one of these patients
demonstrated features consistent with CLE. Homozygous
missense mutations in the EIF2B5 gene have been identified
previously in three patients with CLE from two Cree families, thus confirming the molecular basis of this condition.
The one surviving patient in our series was homozygous for
the previously reported R195H mutation. The typical imaging features were bilateral, symmetric hypodensity of the
supra and infratentorial white matter and globus pallidi on
CT with corresponding T2 hyperintensity on MR imaging.
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CONCLUSION
Cree leukoencephalopathy is a devastating disease that
affects Native American infants of Cree descent.
Neuroimaging features in CLE are striking with T2 hyperintensity related to the infra and supratentorial white matter in
keeping with extensive demyelination. Our series, including
one DNA proven case, represents the first report of CLE
west of Manitoba. Classic clinical and neuroimaging features were noted as well as a novel “tigroid” pattern on the
FLAIR sequence. The pattern of diffusion restriction and the
MRS findings have not been reported previously in CLE.

RESULTS
There was increased fractional anisotropy within the thickened cortex of pachygyria and fibers were seen running perpendicular to the direction of the brain surface within the
cortex of pachygyria. In the case of porencephalic cyst, the
corticospinal tract of the affected hemisphere was displaced
posterior to the porencephalic cyst. The vermis was severely
hypoplastic or absent in rhombencephalosynapsis and
Joubert syndrome. In rhombencephalosynapsis, the normal
transversely oriented fibers in the midsection of the cerebellar vermis, as demonstrated by red on the color map of DTI,
was absent. In the medial segments of the fused cerebellum,
the fibers were oriented in a supero-inferior direction. The
deep cerebellar nuclei, which could be inferred from the
amiculum, were medially apposed in rhombencephalosynapsis. In the two cases of Joubert syndrome, the horizontally
arranged superior cerebellar peduncles were well demonstrated on the color vector maps. Failure of the superior cerebellar peduncles to decussate in the mesencephalon also was
well demonstrated on the color vector maps, as shown by the
absence of decussating fibers (red on the color maps) at the
level of the inferior colliculi. The deep cerebellar nuclei were
more laterally located and lost the normal curvilinear configuration in both cases of Joubert syndrome.
CONCLUSION
The use of color vector maps and tractography in brain
anomalies expand our understanding of these malformations.
KEY WORDS: Developmental, diffusion tensor
Scientific Exhibit 63

KEY WORDS: Leukoencephalopathy, MR imaging, MR
spectroscopy

Brainstem Involvement in Congenital Malformations: A
Pictorial Essay

Scientific Exhibit 62

Martin, M. M. · Lucato, L. T. · Leite, C. C.

Diffusion Tensor Imaging of Developmental Brain
Anomalies

Hospital das Clínicas da Faculdade de Medicina da USP
Sao Paulo, BRAZIL

Widjaja, E. · Blaser, S. · Raybaud, C.

PURPOSE
The aim of this work is to illustrate the imaging appearance of
the brainstem in several congenital abnormalities that have a
primary or secondary involvement of the brainstem, reviewing
the related literature, and emphasizing typical aspects that,
although not frequent, are very specific for the diagnosis.

Hospital for Sick Children
Toronto, ON, CANADA
PURPOSE
To describe the modified or abnormal tracts of brain anomalies using color vector maps and tractography.
MATERIALS & METHODS
Five cases of brain anomalies, consisting of pachygyria (1),
porencephalic cyst (1), rhombencephalosynapsis (1) and
Joubert syndrome (2), were recruited into the study.
Diffusion tensor imaging (DTI) was performed on 1.5 T MR
scanner using single-shot diffusion-weighted echo-planar
imaging with 25 spatially isotropically arranged diffusion
gradient directions. The eigenvectors were used to calculate
vector orientation maps. Color vector maps of fractional
anisotropy were used to place region of interest for seed
point of fiber tracking.

MATERIALS & METHODS
Several cases selected from our archives illustrate the brainstem congenital abnormalities accompanied by current literature review.
RESULTS
Congenital brainstem malformations may be primary or associated with other encephalic abnormalities. Imaging can not
yet disclosure all pathologic findings, but there are some that
can be very well characterized by MR imaging and/or CT.
Horizontal gaze palsy and progressive scoliosis is a syndrome
with a very specific brainstem aspect that is characterized by
hypoplasia of the pons and cerebellar peduncles with anterior
and posterior midline clefts of the pons and medulla. Pontine
hypoplasia is a very nonspecific finding that can be found in
several congenital and acquired situations such as Mobius,
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Patchy T2 involvement of the thalami was noted in most
patients (n = 3) with sparing of the caudate nuclei, putamina,
and red nuclei. In one patient, much of the supratentorial
white matter demonstrated near fluid signal on the FLAIR
sequence with linear and punctuate foci of increased signal
reminiscent of a “tigroid” pattern. This interesting “tigroid”
pattern is reminiscent of the previously described pattern
seen on T2-weighted images in patients with Pelizaeus
Merzbacher disease and Metachromatic Leukodystrophy,
and may represent relative sparing of myelin along the
perivascular spaces. Diffusion-weighted imaging in this
same patient revealed symmetric regions of diffusion restriction in the corpus callosum and in the subcortical U fibers of
the parieto-occipital lobes.This suggests an actively
demyelinating border similar to that seen in
Adrenoleukodystrophy. MR spectroscopy findings demonstrated reduction of normal brain metabolites and presence
of lactate in the affected white matter. Features are in keeping with destruction of normal brain parenchyma as well as
metabolic stress in regions of demyelination.
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autism, Merosin-deficient congenital muscular dystrophy,
Dandy Walker syndrome. In the former, subtotal aplasia of
the medullary olives, other nuclear dysplasias, heterotopias of
the inferior olivary nuclei, and anomalies of the corticospinal
tracts also have been described, besides the main findings of
posterior fossa cyst, vermis aplasia or hypoplasia, cerebellar
hemispheres hypoplasia. In the Joubert malformation there is
again a very specific imaging aspect involving the brainstem,
which consists of deepening of the interpeduncular fossa,
thickening of the superior cerebellar peduncles which are oriented abnormally perpendicular to the dorsum of the pons.
“Molar tooth sign” and bat-shaped rostral IV ventricule. The
rhombencephalosynapsis hallmark is the undifferentiated
midline cerebellum, but the mesencephalon and brainstem
may be involved with aqueductal stenosis and colliculi
fusion. The inferior olivary nuclei are frequently absent.
Chiari II malformation usually present with inferior brainstem displacement and tectal beaking. Cobblestones
lissencephalies are a very interesting group: while Fukuyama
congenital muscular dystrophy (FCMD) and muscle-eyebrain disease have pons hypoplasia, Walker-Warburg syndrome has a characteristic dorsal brainstem kinking at the
pontomesencephalic junction and fusion of the colliculi
(FCMD also has fusion of the colliculi).

RESULTS
The classification of FCD using MR imaging features coincided with pathologic findings. Type I FCD could be detected with 3 T MR imaging, after a negative 1.5 T MR imaging
investigation. In some of these cases mild abnormalities were
recognized retrospectively in the 1.5 T MR imaging studies.
Type II FCD were commonly detected by 1.5 MR imaging
studies, but better defined by 3 T MR imaging studies.

CONCLUSION
Brainstem abnormalities in congenital malformations may
be specific or nonspecific, and to recognize them is very
important either to make the correct diagnosis when they are
specific, or to help in the differential or better delineation of
future prognosis when they are not specific or less common.

Wang, A. · Federico, A. · Wilson, J. · Silbergleit, R. · Haidary,
A. F.

KEY WORDS: Congenital abnormalities, brainstem, review
Scientific Exhibit 64
Focal Cortical Dysplasias: Study with 3 T MR Imaging
Alvarez-Linera, J.1 · Perez-Jimenez, A.2 · Escribano, J.1 · De
Prada, I.2 · Villarejo, F.2
1

Hospital Ruber Internacional, Madrid, SPAIN, 2Hospital
Nino Jesus, Madrid, SPAIN

PURPOSE
The purposes of the study are: 1) to review the latest classification of focal cortical dysplasias (FCD) in relation to clinical pictures; 2) to describe the 3 T MR imaging findings in
type I and type II FCD in relation to pathologic findings; 3)
to compare 3 T MR imaging and 1.5 T MR findings.
MATERIALS & METHODS
The clinical expression and the latest classification of FCD
are reviewed. Thirty cases were studied, 28 cases suffered
from refractory epilepsy. 1.5 T MR imaging studies furnished by the patients were compared with the 3 T MR imaging studies performed in our center. Pathologic features were
analyzed in eight patients who underwent epilepsy surgery.
A tentative classification of FCD according to neuroimaging
findings was based on the following statements: 1) type I
FCD are associated with mild hyperintensity in T2 and
FLAIR, and show normal signal in T1, and normal giral pattern; 2) type II FCD may show pronounced hyperintensity in
T2 and FLAIR, hypointensity in T1, and dysgyria.

CONCLUSION
A good concordance between the latest classification of FCD
and the MR imaging findings is noted. 3 T MR imaging
shows a higher efficiency for studying FCD than 1.5 T MR
imaging, particularly for the detection of type I FCD.
Examination with 3 T MR imaging is recommended highly in
patients who are going to be evaluated for epilepsy surgery.
KEY WORDS: Epilepsy, dysplasia, surgery
Scientific Exhibit 65
Temporal
Lobe
Seizure:
Neuropathology Correlation

Neuroimaging

and

William Beaumont Hospital
Royal Oak, MI
PURPOSE
To learn neuroimaging findings for a wide variety of pathology for temporal lobe seizure and correlated with neuropathology findings.
MATERIALS & METHODS
This is a retrospective review of neuroimaging from the 60
temporal lobe seizure patients including brain MR imaging,
brain MR spectroscopy (MRS) and correlated with neuropathology findings.
RESULTS
The neuropathology findings are as follows: Nonneoplastic:
mesial temporal sclerosis, cavernous angioma, herpes
encephalitis, progressive multifocal leukoencephalopathy,
heterotopic gray matter; Neoplastic: ganglioglioma, gangliocytoma, oligodendroglioma, dysembryoplastic neuroepithelial tumor, pleomorphic xanthoastrocytoma, anaplastic astrocytoma, and metastasis. Each pathology was correlated with
neuroimaging findings and will be presented for this exhibit.
CONCLUSION
Temporal lobe seizure can be related to a wide variety of
pathology. The neuroradiology findings including positive or
negative for contrast enhancement, cystic component, calcifications, vasogenic edema, normal gray matter signal intesity, hyperintense T2 signal intensity changes, and abnormal
MRS with elevation of choline peak and decrease of NAA
peak are not specific but are helpful for differential diagnosis and localization of the lesion leading to successful surgical intervention, diagnosis and treatment.
KEY WORDS: MR imaging, neuropathology, seizure
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Intrauterine Fetal MR Imaging for the Evaluation of
Cerebral Congenital Abnormalities: A Review of Current
Techniques
Stava, M. · Hutson, R.
University of Tennessee Medical Center
Knoxville, TN

MATERIALS & METHODS
A literature search was conducted to review the current
sequences utilized in intrauterine fetal MR imaging. A case
is presented of a monochorionic diamniotic twin gestation
that underwent MR imaging evaluation for a suspected
Dandy-Walker malformation. Although no Dandy-Walker
malformation was identified, one fetus was shown to have a
Chiari II malformation.
RESULTS
Historically, ultrasound has been the mainstay of intrauterine
evaluation for cerebral congenital anomalies. Ultrasound
likely will continue to be the first line imaging modality
given its low cost and ease of performance. Given the current trend for early neurosurgical intervention precise imaging is becoming more critical. In those cases where ultrasound is indeterminate or more precise imaging is required,
intrauterine MR imaging can be a useful adjunct. Many studies have demonstrated the utility of intrauterine MR imaging
for the evaluation of cerebral congenital abnormalities. In as
many as 40% of cases intrauterine MR imaging altered the
diagnosis established by ultrasound. Increased utilization of
intrauterine MR imaging also has been fueled by preliminary
studies that have shown it to be safe during pregnancy.
Recent advances in rapid MR imaging pulse sequences also
have reduced the historical problem of fetal motion.
Maternal sedation, however, is still often useful both to alleviate anxiety and to further reduce fetal motion. In the presented case maternal sedation was utilized and single-shot
fast spin-echo T2-weighted sequences (TE = 91, TR = 1000)
were obtained in three orthogonal planes. T1-weighted gradient-echo sequences (TE = 476, TR = 110, flip/angle = 76)
also were acquired. Studies have shown previously that single-shot fast spin-echo T2 techniques are optimal for the
evaluation of intrauterine cerebral congenital anomalies.
These sequences are fast and can be obtained in a single TR
interval making fetal motion less problematic. Additionally,
given the increased water content of the fetal brain, T2weighted sequences provide optimal gray-white differentiation as well as adequate evaluation of the CSF spaces.
Although T1-weighted sequences provide less information
they can be added to help identify hemorrhage or fat. In our
case the use of single-shot fast spin-echo T2 sequences adequately demonstrated a small posterior cranial fossa and an
associated myelomeningocele, consistent with a Chiari II
malformation. Although not done in our case, early studies
have suggested that MR angiograms also can be added when
precise evaluation of vascular structures is warranted.
Although 3D TOF images offer better spatial resolution, 2D

CONCLUSION
In the setting of earlier neurosurgical intervention, precise
anatomical characterization is critical. Although ultrasound
remains the imaging modality of choice, intrauterine MR
imaging is a useful adjunct in those cases where ultrasound
is indeterminate or more precise imaging is required. At
most institutions single-shot fast spin-echo T2 sequences are
the mainstay of intrauterine central nervous system imaging.
T1 gradient echo pulse sequences also can be added when
evaluation for fat or hemorrhage is indicated.
KEY WORDS: Intrauterine, MR imaging
Scientific Exhibit 67
Intradural-Extramedullary Spinal Masses in Children:
Imaging Findings and Differential Diagnosis
Decarie, J. · Mercier, C. · Dubois, J. · Lapierre, C. ·
Robitaille, Y.
Hopital Ste-Justine
Montreal, PQ, CANADA
PURPOSE
To offer a systematic approach for the diagnosis of spinal
masses involving the intradural-extramedullary compartment in children.
MATERIALS & METHODS
The normal intradural-extramedullary spinal space corresponds to the spinal subarachnoid space and contains the
cord or the cauda equina and cerebrospinal fluid. Masses at
this site exhibit a specific pattern that enables one to distinguish them for intramedullary and extradural spinal masses.
The characteristics of the intradural-extramedullary masses
in children are presented using illustrative cases with MR
imaging and intraoperative ultrasound.
RESULTS
Spinal tumors are much less frequent than intracranial
tumors in children. Spinal tumors can either be
intramedullary, extramedullary-intradural or extradural.
Primitive tumors involving the intradural-extramedullary
compartment are the least frequent of the three, but secondary tumors in this compartment are frequent (leptomeningeal
metastasis). The intradural-extramedullary tumors therefore
can be classified as follow: 1) Congenital dysplastic masses:
a. Lipoma associated with dysraphism; 2) Primary tumors: a.
Developmental tumors: i. Dermoid cysts, ii. Epidermoid
cysts, iii. Neurenteric cysts, iv. Arachnoid cysts, v. Teratoma;
b. Benign nondevelopmental tumors: i. Schwannomas, ii.
Meningiomas, iii. Hemangiomas; c. Tumors with potential
for dissemination: i. Myxopapillary ependymomas; 3)
Secondary tumors: a. Leptomeningeal metastases. The
developmental tumors present as cysts and, unless infection
complicates the process, generally will not enhance.
Identification of a fibrous tract in the subcutaneous fat points
suggests the diagnosis of a dermoid or epidermoid cyst. The
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PURPOSE
To review the current strategies utilized in intrauterine fetal
MR imaging for the evaluation of cerebral congenital abnormalities.

TOF imaging is faster and less hampered by motion artifact.
Similar early studies have indicated a potential use of
intrauterine diffusion-weighted imaging for the identification of ischemic injury.
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signal of the lesion is less specific. Arachnoid cysts in this
location have the same characteristics as in other part of the
central nervous system. Schwannomas and meningiomas are
rare tumors that appear well circumscribed and present significant enhancement. Hemangioma are very lobulated,
enhance strongly and often are associated with hemangiomas at other locations. Myxopapillary ependymomas
often present as large heterogeneous tumors with significant
mass effect and distortion and/or edema of the conus
medullaris. Satellite nodules are not infrequent.
Leptomeningeal metastasis are associated with intracranial
tumors, most commonly medulloblastomas, PNET, choroid
plexus carcinomas, and malignant gliomas. They present as
enhancing nodules but can present as a large mass filling the
end of the thecal sac. Other types of masses sometimes are
encountered on an anecdotal basis.

visible cystic mass. This includes meningoceles, dorsal dermal sinus, spinal lipomas, tethered cord, split notochord and
caudal regression syndromes.
CONCLUSION
Spinal dysraphism has a huge socio-economic impact on
families and health providers. Occult spinal dysraphism
tends to be overlooked at birth and the manifestations
become apparent later in life due to either cutaneous stigmata or slowly progressing neurologic signs. MR imaging is
essential to diagnose and characterize these lesions fully
with a view to direct appropriate treatment and subsequent
reduction in morbidity.
KEY WORDS: Spinal dysraphism, neural tube defect,
meningocele

CONCLUSION
Intradural-extramedullary spinal masses in children present
with a limited spectrum of findings and a short differential
diagnosis. Careful and systematic analysis of the images is
necessary to first correctly identify the location of the tumor
as intradural-extramedullary and secondly to narrow down
the differential diagnosis to the most probable entity.
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KEY WORDS: Spinal masses, children, intraduralextramedullary

Lumber Puncture in 2006: Techniques, Lessons Learned,
Clinical Examples

Spinal Cord
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Creasy, J. L. · Strother, M.
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Pictorial Essay on Spinal Dysraphism
Siddiqui, A.1 · Siddiqui, A.2 · Cox, T.1,2 · Robertson, F.1
1

National Hospital for Neurology and Neurosurgery,
London, UNITED KINGDOM, 2Great Ormond Street
Hospital for Children, London, UNITED KINGDOM
PURPOSE
To review MR imaging of spinal dysraphism and its embroyologic background. Spinal dysraphism, or neural tube defect,
is a broad term encompassing a heterogeneous group of congenital spinal anomalies, which result from defective closure
of the neural tube early in fetal life and anomalous development of the caudal cell mass.
MATERIALS & METHODS
We present a comprehensive illustrative review of open and
occult spinal dysraphism with a view to describe their varied
morphologic appearances. This exhibit reinforces understanding of this complex congenital entity and highlights the
key imaging features and differential diagnoses of the
diverse range of spinal dysraphism. We also review the
embroyologic basis for development of these malformations.
RESULTS
Spinal dysraphism refers to those spinal anomalies that have
incomplete midline closure of mesenchymal, osseous, and
neural tissue. As the name suggests, in open spina bifida,
also called spina bifida aperta or cystica, there is protrusion
of the neural elements/meninges through a dorsal bony
defect. This group includes myeloceles and meningomyeloceles. On the other hand, spina bifida occulta refers to skincovered lesions that have no exposed neural tissue and no

Vanderbilt University
Nashville, TN
PURPOSE
In recent years, while the number of myelograms has
decreased dramatically, our neuroradiology section has
experienced a considerable growth in requests for radiologically guided lumbar punctures, both for diagnostic and for
therapeutic reasons.
MATERIALS & METHODS
The exhibit will portray multiple different techniques for
lumbar puncture, illustrating the approaches with line drawings, spot films from fluorographically guided procedures,
and 3D reconstructions from multislice CT exams - all with
the aim to show the exact needle path, structures encountered, and positives and negatives of each method.
RESULTS
Three primary approaches will be presented: 1) Midline
approach with the patient fully prone, through the interspinous ligament, parallel to the long axis of the sloping
spinous processes; 2) Off-midline approach with the patient
fully prone, needle is perpendicular to floor, tip traverses the
interlaminar ligament between two lamina; 3) Off midline
approach, patient prone oblique, with needle perpendicular
to floor, still passing through interlaminar ligament, but
aimed at the center of the thecal sac. Additional techniques
for confirmation of needle placement, and the extra precautions necessary when the LP is for contrast or chemotherapy
placement and not just diagnostic collection of fluid or relief
of pressure will be described.
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CONCLUSION
Three common, competing approaches for lumbar puncture
will be compared with anatomical drawings, spot films and
3D CT reconstructions. The majority feeling within the section is to use the third technique described previously.
KEY WORDS: Lumbar puncture

Spine
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Vertebral Pneumatocysts: An Uncommon Lesion with
Pathognomonic Imaging Characteristics

MR Imaging of Noncompression Myeloradiculopathy:
Patterns, Peals, and Pitfalls

Haithcock, J. A. · Opatowsky, M. J.

Hayashi, T. · Imaoka, I. · Matsuo, M.

Baylor University Medical Center
Dallas, TX

Tenri Hospital
Nara, JAPAN
PURPOSE
To become familiar with MR imaging of noncompression
myeloradiculopathy.
MATERIALS & METHODS
We present the characteristic appearances of entities in noncompression myeloradiculopathy, including demyelinating
diseases (multiple sclerosis, ADEM), vascular diseases (arteriovenous malformation, infarction) collagen fiber diseases
(Neuro-Behcet disease, Sjögren syndrome), peripheral nerve
diseases (GBS, chronic inflammatory demyelinating
polyneuropathy, neurolymphomatosis), infectious diseases
(herpes myelitis, parasitic myelitis) at MR imaging and offer
a rational approach to the differential diagnosis.
RESULTS
These diagnostic clues include the localization (spinal cord
to nerve root, ganglion, or plexus), also including preferentially affected sites within spinal cord (ventral predilection;
Guillain-Barré syndrome (GBS), dorsal predilection; herpes
myelitis, lateral predilection; Vitamin B-2 deficiency
myelopathy), the extent of lesion, the patterns of enhancement.
CONCLUSION
There is a broad spectrum of diseases in patients with noncompression myeloradiculopathy. MR imaging can demonstrate important characteristics suggesting the diagnosis or
help in narrowing the differential diagnosis, although they
often are absent or faint, and nonspecific in MR findings of
noncompression myeloradiculopathy. Analysis of these MR
features along with clinical history may be useful, addressing to early diagnosis, early and approximate choices of therapy.
KEY WORDS: Myeloradiculopathy

PURPOSE
To familiarize our colleagues with the typical imaging characteristics of a vertebral pneumatocyst, an unusual,
intraosseous gas-containing lesion of uncertain etiology.
Pneumatocysts usually are found within the ilium or sacrum,
adjacent to the sacroiliac joints. Only 12 case reports of
pneumatocysts of the spine were identified in the English
language literature, eight of which were present within the
cervical spine, although the lesion is likely more common
than what has been reported previously. Vertebral body
pneumatocysts are benign lesions which need to be differentiated from other gas-containing lesions of the spine including osteomyelitis, osteonecrosis, neoplasm, posttraumatic
and postsurgical etiologies. The etiology and natural course
of pneumatocysts are poorly understood, although the diagnosis can be reliably determined via a combination of CTR
and MR imaging characteristics alone.
MATERIALS & METHODS
The imaging characteristics of vertebral body pneumatocysts
are illustrated by two cases of such lesions centered within
the cervical spine. Correlation and comparison is made with
the limited case reports of pneumatocysts described in the
English literature, including CT and MR imaging modalities
in addition to conventional radiographs.
RESULTS
Pneumatocysts demonstrate diffuse and symmetric
hypointensity on both T1- and T2-weighted image acquisition sequences, without associated enhancement on T1 postcontrast sequences after the administration of intravenous
gadolinium contrast. This pattern of MR signal characteristics would be similar to a sclerotic focus, such as a blastic
metastasis or possibly intravertebral gas related to avascular
necrosis. CT imaging demonstrates pneumatocysts to contain homogenous gas attenuation within the central portion
of the lesion in the range of -580 to -950 Hounsfield units
(HU). Radiographs demonstrate a well circumscribed radiolucent lesion that correlates with a gas-containing lesion
demonstrated on CT imaging. Given that the MR signal
characteristics of pneumatocysts are not pathognomonic for
a gas-containing lesion, the characteristic CT findings have
proven to be the most useful in diagnosing a pneumatocyst.
A review of the literature reveals less than 12 cases of pneumatocyst reported to date, nine cases of which involved the
osseous structures of the cervical spine, although this lesion
is likely more common than would be suggested by the limited cases discussed in the current medical literature. Case
reports of subsequent follow-up imaging of pneumatocysts
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demonstrates little interval change within the majority of
these lesions, with a few case reports describing the pneumatocyst subsequently becoming fluid-filled, one of which
progressed to contain granulation tissue within the previously pneumatized lesion.
CONCLUSION
A pneumatocyst is a benign, gas-containing lesion that is
poorly understood and also rarely reported in the medical literature. The diagnosis of pneumatocyst can be made confidently on CT imaging characteristics alone, although the
lesion presents a nonspecific appearance on MR imaging and
can be indistinguishable from such entities as focal vertebral
sclerosis, vertebral avascular necrosis, or a blastic metastasis. It is important to differentiate a pneumatocyst from other
gas-containing lesions more commonly found within the
osseous elements of the vertebral column. The limited number of case reports outlines the need for a more complete
understanding of pneumatocysts, including the characteristic
imaging findings.

nique can distinguish the largest intradural arteries and veins
by temporally resolving the arterial and venous phases of a
contrast bolus with adequate spatial resolution and, in this
way, is complimentary to catheter DSA by displaying the full
extent of the enlarged intradural vessels on a single maximum intensity projection image. Spinal MRA has proven
useful in localization of vertebral level of vascular supply,
precluding the need for spinal myelogram as part of the diagnostic workup. Spinal MRA may be used to evaluate posttreatment vascular malformations for residual or recurrent
flow and facilitate the decision for follow-up exams or therapy. The technique also contributes to preoperative characterization of spinal tumor blood supply. Visualizing abnormal intradural vessels can be helpful to differentiate a highly vascular tumor (such as hemangiopericytoma, hemangioblastoma, and paraganglioma) from less vascular lesions.

KEY WORDS: Pneumatocyst, vertebral
Scientific Exhibit 72
Adding to Our Armamentarium: Clinical Experience
with Spinal MR Angiography
Shah, L. M. · Hyde, M. · Burkholder, B. · Phillips, C.
University of Virginia Health Sciences Center
Charlottesville, VA
PURPOSE
Spinal MR angiography (MRA) has been a useful tool in the
evaluation of suspected and known spinal vascular malformations and vascular spinal tumors. It has been helpful also
in the evaluation of complicated cases posttreatment (either
operative or endovascular) to document resolution and also
to guide catheter angiography. We present a spectrum of
cases illustrating the utility of MRA in our clinical practice
with the current fast 3D CE MRA techniques.
MATERIALS & METHODS
Spinal MRA examinations at our institution are performed
on a 1.5 T system with a 40 mT/m gradient system using a
6-element phased-array spine coil. Three-dimensional contrast-enhanced MRA is performed in the sagittal orientation
following administration of 40 mm of gadodiamide. At least
two acquisitions are performed with an interscan delay to
depict both arterial and venous enhancement phases. All
examinations are acquired in breath-hold and with subtraction techniques. Three-dimensional (3D) reconstructions are
performed on dedicated 3D workstations.
RESULTS
Fast 3D CE MRA, in addition to conventional MR
sequences, increase the rate of detection and characterization
of spinal vascular malformations. The addition of MRA
broadens the differential diagnosis and directs further investigation with catheter angiography and subsequent endovascular or surgical treatment. By identifying normal vascular
supply to the cord, MRA may help guide surgical or
endovascular treatment to obviate injury. The fast CE tech-

CONCLUSION
Three-dimensional CE MRA is an effective noninvasive
screening and follow-up exam for spinal vascular lesions,
enabling lesion detection and characterization in routine
clinical practice. Furthermore, it can be utilized to guide
more definitive procedures including catheter angiography
and surgery.
KEY WORDS: Vascular malformation, MR angiography, vascular tumor
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Spinal Schwannoma: Unusual Imaging Presentations

Uncommon Biopsy Procedures: Practical Approach to
Impracticably Located Lesions

Parmar, H. A.1 · Ibrahim, M.1 · Castillo, M.2 · Mukherji, S. K.1
1
University of Michigan, Ann Arbor, MI, 2University of
North Carolina, Chapel Hill, NC

MATERIALS & METHODS
We retrospectively reviewed the imaging findings in patients
with pathologically proven spinal schwannomas over the last
5 years at our institutions. Imaging modalities included predominantly MR imaging (1.5 T, Signa, GE Medical Systems,
WI) with CT scan and plain radiographs in appropriate cases
to look for bony anatomy.
RESULTS
On MR imaging schwannomas typically are well circumscribed lesions with T1 iso to hypointensity, T2 hyperintensity, and homogenous contrast enhancement. When large,
they cause vertebral body scalloping and widening of the
neural foramen. We found numerous unusual cases of
uncommon presentation of these tumors. These included
intramedullary schwannoma (1), large or giant schwannoma
(1), malignant schwannomas (2), schwannomas with subdural and subarachnoid hemorrhage (2), melanotic schwannoma (1), intraosseous schwannomas with vertebral body
destruction (2), bilateral intrasacral schwannoma (1),
schwannoma growing into the foramen transversarium (1),
schwannoma with cystic degeneration (4), multiple
intraspinal schwannomas or schwannomatosis (2) and
schwannomas simulating myxopapillary ependymomas (2).
We present imaging findings of these rare presentations,
review brief pathophysiology for such presentations and discuss the differential diagnosis.
CONCLUSION
Spinal schwannomas commonly are encountered tumors and
they often show typical imaging features. However, they can
present with diverse and unusual imaging appearances as
seen from our cases. Awareness of such uncommon presentations of these seemingly common tumors is important in
offering a correct diagnosis. MR and CT imaging both are
invaluable in the depiction of soft tissue and bony anatomy
in such cases.
KEY WORDS: Schwannoma, spine neoplasm, imaging

Dartmouth-Hitchcock Medical Center
Lebanon, NH
PURPOSE
To describe the approach and instruments used in less commonplace biopsy procedures, transoral C2, sacral and calvarial biopsies. Emphasis will be placed on appropriate
approach and hardware. Discussion of hardware is critical as
many of the necessary tools are not in standard use. As these
procedures are understood and undertaken, they will become
valuable additions to the ever-expanding arsenal of procedures available to radiologists.
MATERIALS & METHODS
Case reports of biopsy procedures with associated pictorials
will be displayed to demonstrate appropriate positioning and
use of specialized hardware. Visual diagrams will be
employed preferentially to text description in order to facilitate ease and speed of poster viewing.
RESULTS
Within the chest and abdomen percutaneous image-guided
biopsy has become the preferred initial approach, replacing
open surgical biopsy in cases where tissue sample is necessary. These procedures are widely accepted as safe and reliable. Referring orthopedic and oncologic surgeons have
been slow to accept percutaneous biopsy for diagnosing
bone lesions, citing concerns over adequate sampling and
contamination of muscle compartments (1). Despite these
concerns, referrals have grown as many have shown that
with appropriate cooperation between the surgical oncologist
and radiologist, percutaneous bone biopsy can be accurate,
safe, and cost effective (2). As such the number and types of
biopsies has increased, both radiologists and referring clinicians are more prepared to attempt biopsies at sites that have
historically required a surgical procedure.

CONCLUSION
Cases and images depicting approach and hardware use will
be presented with the goal of familiarizing the neuroradiologist to less common biopsy procedures.
REFERENCES
1. Fraser-Hill MA, Renfrew DL, Hilsenrath PE. Percutaneous needle biopsy of musculoskeletal lesions. I. Effective accuracy
and diagnostic utility. AJR Am J Roentgenol 1992;158:809-812
2. Jelinek JS, Murphey MD, Welker JA, et al. Diagnosis of primary bone tumors with image-guided percutaneous biopsy:
experience with 110 tumors. Radiology 2002;223:731-737

KEY WORDS: Biopsy, calvarial, C2
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PURPOSE
Spinal schwannomas (neurilemmomas or neurnomas)
together with neurofibromas constitute the common
intraspinal tumors, representing 16-30% of all intraspinal
masses. They arise from the schwann cells and are typically
a round or oval lobulated, encapsulated mass arising eccentrically from the nerve root sheath. In this educational exhibit we present various rare and uncommon imaging findings
of these tumors with an idea to familiarize the spine imagers
with the varied spectrum of presentation of these common
tumors.
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Doctor! I Have a Crick in My Neck! The Causes and
Assessment of Basilar Invagination
Smoker, W. R. K.1 · Policeni, B. A.1 · Gentry, L. R.2 ·
Moritani, T.1 · Lee, H.1

Scientific Exhibits

1
University of Iowa, Iowa City, IA, 2University of Wisconsin,
Madison, WI

PURPOSE
Basilar invagination (BIn) refers to an abnormally high location of the cervical spine relative to the skull base. There are
many symptoms of BIn which include headache, neck pain,
brainstem dysfunction, and myelopathy. There are also a host
of ENT-related symptoms such as vertigo, nystagmus,
decreased hearing, and multiple lower cranial nerve deficits.
Identification is not uncommon on sagittal MR studies but it
may be difficult to identify the etiology on these studies even
with careful analysis of the axial and coronal images due to the
lack of osseous definition. CT simplifies this analysis but
requires both sagittal and coronal reconstructed images as
complete assessment from axial images alone is often impossible. Even with all of the available imaging information, the
complexity of some of the craniocervical junction (CCJ) anomalies presents a definite diagnostic challenge unless a systematic approach is employed. The purposes of this exhibit are: 1)
Review the normal landmarks/structures used to evaluate the
CCJ; 2) Illustrate various lines and angles used to analyze craniocervical relationships (CCJ craniometry); 3) Illustrate the
various osseous anomalies that produce BIn; and 4) Illustrate
the differences among BIn, basilar impression (BIm), and cranial settling so that the terms can be used appropriately.
MATERIALS & METHODS
Illustrative cases have been selected from extensive teaching
files at three major academic institutions. When faced with an
anomalous-appearing CCJ, identification of all structures
should be performed first, followed by CCJ craniometry. This
information usually will indicate the etiology of the BIn.
RESULTS
Basilar invagination is caused by congenital anomalies that
decrease skull base height. These can be considered most easily as due to one of two groups of pathologies, isolated or in
combination: 1) Occipital bone anomalies; or 2)
Nonsegmentation anomalies. Occipital bone anomalies include
jugular tubercle hypoplasia, occipital condyle hypoplasia,
and/or basioccipital hypoplasia. Isolated or combined nonsegmentation anomalies in this region are not uncommon and
include atlanto-occipital and atlanto-axial-occipital assimilations. Other, less common, nonsegmentation anomalies include
os odontoidium-atlas-occipital and occipital sclerotome-axis
assimilations. The term basilar impression should be reserved
for acquired CCJ abnormalities produced by softening and
remodeling of the skull base, essentially identical in appearance to basilar invagination, from various systemic conditions
(Paget’s disease, osteogenesis imperfecta…). Both differ from
cranial settling, an uncommon sequelae of rheumatoid arthritis.
In this condition, the abnormality is at C1-2, due to destruction
of the transverse atlantal ligament by pannus, such that the
skull and C1 “settle down” on C2 (nd the remainder of the cervical spine) as opposed to BIn and BIm in which the ligament
is intact and the C1 ring “travels” with C2.

CONCLUSION
Congenital basilar invagination is not a rare condition.
Careful, systematic analysis of MR/CT studies can demonstrate the cause of this condition and assist the surgeon in
treatment planning. Basilar impression is the term that
should be applied to acquired basilar invagination by conditions that soften the skull base. Both differ from cranial settling, an uncommon complication of rheumatoid arthritis
KEY WORDS: Basilar invagination, craniocervical junction,
basilar impression
Scientific Exhibit 77
Spontaneous Cerebrospinal Fluid Hypovolemia
Lee, H. K.1 · Smoker, W. R. K.1 · Chung, S. J.2 · Moritani, T.1
· Maley, J. E.1 · Sato, Y.1
1

University of Iowa Hospital and Clinic, Iowa City, IA,
Asan Medical Center, Seoul, REPUBLIC OF KOREA

2

PURPOSE
Spontaneous intracranial hypotension (SIH) is characterized
by orthostatic headache, low CSF pressure and MR imaging
findings of diffuse pachymeningeal enhancement without
previous history of trauma or lumbar puncture. Recently,
SCH, coined by Mokri, has been maintained because there
are reports in disagreement with the term “intracranial
hypotension,” patients with normal pressure has been
described. The main cause of SCH is secondary to CSF leak
at the spinal level. Additionally, we believe SCH with CSF
leaks at the skull base is another important cause. The purpose of the exhibit is to review pathogenesis of SCHs and to
demonstrate imaging features of various SCHs.
MATERIALS & METHODS
SCHs with CSF leaks at the spine level were proved by
radioisotope cisternography and/or MR imaging. SCHs with
CSF leaks at the skull base level were positive for beta-transferrin. We reviewed CT and MR images of SCH with respect
to the different location of CSF leaks.
RESULTS
General features of brain MR imaging were diffuse pachymeningeal thickening, descending brain herniation and
swelling of the brain and/or pituitary gland. 1. CSF leaks at
the spine: Spinal MR imaging showed CSF leakage to the
epidural space and/or widening and enhancement of the
epidural space. 2. CSF leaks at the skull base: Bone defects
of the sphenoid sinus, cribriform plate, temporal bone and
others were seen on the coronal reformations on CT and/or
MR imaging. Occasionally, brain herniation was associated
through the bony defect. 3. Idiopathic: CSF leaks were not
detected on RI cisternography, CT or MR imaging.
CONCLUSION
SCH can be applied to all conditions spontaneously inccurred by a CSF hypovolemic state. Understanding of various causes and imaging features of CSF leaks will be beneficial to evaluate CSF hypovolemic state.
KEY WORDS: CSF hypovolemia, intracranial hypotension,
bony dehiscence
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Electronic Scientific Exhibit 1
Pitfalls of CT Angiography for Acute Stroke Imaging
Assessment: A Pictorial and Interactive Presentation

RESULTS
We found 16 cases with technical or pathophysiologic characteristics that resulted in difficulties in image interpretation.
We will demonstrate these cases in a pictorial dynamic interactive fashion, and correlate the CTA findings with those of
MR imaging, MRA and catheter angiograms in an attempt to
explain the pitfalls. Examples include presence of dense
intraarterial clots resulting in the appearance of “false flow”
in MIP and VR images, collateral flow and anatomical variation resulting in false negative studies and “occult” stenosis
such as those in the petrous ICA missed by suboptimal window settings resulting in partial volume effects. False symmetry of distal arterial branches by may due to partial
recanalization and/or collateral flow. Usually, the association
of more than one of these factors resulted in misinterpretation.
CONCLUSION
Based on our observations, we will suggest a systematic
approach to the performance and interpretation of CTA studies in patients with acute stroke symptoms. Unenhanced,
enhanced source images, and reconstructed MIP and VR
images should be assessed in each patient. As opposed to the
interpretation of CTA for aneurysms, adequate evaluation of
CTA in stroke patients requires attention not only to vessel
contours but also to intraluminal contents, bony arterial
interfaces and collateral flow.
KEY WORDS: CT angiography, pitfall, stroke

Matheus, M. · Jewells, V. · Felix, A. · Sen, S. · Solander, S. ·
Castillo, M.
University of North Carolina
Chapel Hill, NC

Electronic Scientific Exhibit 2

PURPOSE
CT angiography (CTA) is utilized commonly for evaluation
of cerebral vascular disease and its resolution is probably
better than that of MR angiography (MRA). As experience
with CTA grows, pitfalls regarding presence or absence of
aneurysms and assessment of their configurations have been
described. When CTA is used to assess acute stroke, pitfalls
also occur, not only related to technical and interpretative
aspects but also due to dynamic alterations of flow. Our purpose is to address pitfalls of CTA when performed for the
assessment of patients with acute stroke symptoms based on
our clinical experience.

Nowinski, W. L.1 · Qian, G.1·Bhanu · Prakash, K.1 · Volkau,
I.1 · Thirunavuukarasuu, A.1 · Liu, J.1 · Ananthasubramaniam,
A.1 · Qiao, Y.1 · Hu, Q.1 · Runge, V. M.2 · Beauchamp, N.3

MATERIALS & METHODS
We retrospectively assessed 133 CTAs performed in acute
stroke patients; all obtained with 16- or 64-slice scanners.
Protocols included a nonenhanced head CT, 3 mm axial postcontrast source images, 5 x 3 mm (2 mm overlap) maximal
intensity projection (MIP) imaging reformations and volume

A CAD System for Stroke MR Imaging

1

Agency for Science, Technology and Research, Singapore,
SINGAPORE, 2Scott & White Memorial Hospital, Temple,
TX, 3University of Washington, Seattle, WA
PURPOSE
Although stroke is the third leading cause of death and the
major cause of disability, there is no CAD system for stroke.
Our objective is to develop a CAD system for rapid processing of acute stroke MR multimodal images including DWI,
CBF, CBV, MTT, TPP, PKHT, T2, T2*, T1, FLAIR, MRA.
MATERIALS & METHODS
The infarct is extracted from diffusion-weighted imaging
(DWI) and penumbra from MTT by means of image processing techniques. The extracted regions can be interactively edited by a contour editor. Three-dimensional (3D) mod-

Electronic Scientific Exhibits

Adult Brain
1-16

rendering (VR) displays. We assessed all cases for technical
and physiologic peculiarities, particularly those that complicated initial image interpretation.
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els of the infarct and penumbra are constructed from the edited contours (1). The volumes of infarct and penumbra as
well as their ratio and difference are calculated. The midsagittal planes are identified automatically in the diffusion
and perfusion images (2). The 3D infarct and penumbra
models are displayed with the cortical outline and the midsagittal plane. A 3D vascular model also is constructed. All
3D models can be manipulated easily and viewed from any
viewpoint. Two atlases are used: 1) atlas of gross anatomy
with cortical areas (gyri and Brodmann’s areas) and subcortical structures (3), and 2) atlas of blood supply territories
(4). They are automatically coregistered with a scan. The
segmented infarct and penumbra are quantified automatically by means of the atlases. The structures available in the
infarct or penumbra and the percentage of their occupancy
are listed. This also includes the infarct-MCA territory relationship.

Electronic Scientific Exhibits

RESULTS
The developed CAD provides numerous functions for 2D
and 3D display and quantification of MR stroke images. This
facilitates better spatial correlation of the infarct and penumbra and more accurate mensuration of their volumes. All
anatomy and blood supply territories within the infarct and
penumbra are listed and their occupancy provided in percentages. Most of operations are automatic or semiautomatic, though the user has full control over them. All operations
are very fast and the complete processing takes less than 5
minutes.
CONCLUSION
The developed CAD system provides a new and rapid way
of processing stroke MR images.
REFERENCES
1. Liu J, Nowinski WL. A hybrid approach to shape-based interpolation of stereotactic atlases of the human brain.
Neuroinformatics 2006 (accepted)
2. Nowinski WL, Bhanu Prakash KN, Volkau I,
Ananthasubramaniam A, Beauchamp NJ. Rapid and automatic calculation of the midsagittal plane in magnetic resonance
diffusion and perfusion images. Academic Radiology (submitted).
3. Nowinski WL, Thirunavuukarasuu A. 2004. The Cerefy Clinical
Brain Atlas on CD-ROM. Thieme New York.
4. Nowinski WL, Thirunavuukarasuu A, Ivanov N, Parimal AS. An
atlas of blood supply territories of the human cerebrum in
the Talairach-Tournoux atlas format. NeuroImage (submitted).

KEY WORDS: Adult brain (stroke), anatomy (brain), electronic brain atlas

Electronic Scientific Exhibit 3
Effectiveness of Multidetector CT Angiography in
Detecting Cerebral Aneurysms
Christoforidis, G. A. · Slone, W. · Husum, K. · Kim, E. ·
Yang, M. · McGregor, J.
Ohio State University
Columbus, OH
PURPOSE
The purpose of this study is to prospectively evaluate the
ability of multidetector CT angiography (CTA) in efficiently
detecting cerebral aneurysms relative to conventional
angiography and display the strengths and weaknesses of
each modality.
MATERIALS & METHODS
We prospectively compared CTA with conventional
angiograms in 75 patients presenting with either ruptured or
unruptured aneurysms. Once the images were acquired, CTA
raw data were used to reconstruct 2D and 3D images. CT
images then were divided into three groups: 1) 2D axial
images only, 2) 2D axial, coronal, and sagittal images and 3)
3D reconstructions only. These images then were reviewed
by two neuroradiologists in two separate sittings spaced by
at least 1 month in time and analyzed for the following: 1)
number of aneurysms, 2) location of aneurysms, 3) size of
aneurysms, 4) orientation of aneurysms, 5) relationship to
adjacent structures, and 6) ability to display the normal vasculature. The neuroradiologists were blinded to the results of
conventional angiography. Conventional angiograms also
were reviewed by two neuroradiologists on two separate sittings and analyzed for the same criteria as were the CTA
images. The data then were collected. Reliability was
assessed on the basis of interobserver and intraobserver
agreement for each CTA reconstruction method relative to
conventional angiography. Discrepancies were reviewed and
assessed. A questionnaire which asked the following questions then was provided to one neurosurgeon as well as two
interventional neuroradiologists: 1) did the CTA give you a
better, equal, or lesser appreciation of the relationship of the
parent vessel to the aneurysm?; 2) did the CTA give you a
better, equal, or lesser appreciation of the relationship of the
bony landmarks to the aneurysm?; 3) do you feel that CTA
provided additional information?
RESULTS
Among the reconstruction methods reviewed, 2D reconstructions in multiple planes had the highest detection rate
but took the longest time to review. There was no significant
difference in the rate of detection of aneurysms using CTA in
three planes vs conventional angiography. Detection of small
perforators was substantially better on conventional angiography vs CTA. Relationship to adjacent osseous and soft tissue structures were interpreted more accurately on CTA vs
conventional angiography. Anecdotal cases will be shown
which demonstrate the strengths and weaknesses of each
modality. Results of the questionnaires also will be reviewed
in this exhibit.
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CONCLUSION
When imaging cerebral aneurysms, CTA provides complimentary information relative to conventional angiography.
Strengths and weaknesses of each modality are demonstrated in this exhibit.
KEY WORDS: Aneurysm, CT angiography
Electronic Scientific Exhibit 4
Significance of Common Carotid Intima-Media
Thickness and Carotid Plaque as a Risk Factor for
Ischemic Stroke in Patients with Type 2 Diabetes Mellitus
Lee, E. · Kim, H. · Han, H. · Park, C. · Park, N. · Kim, M. ·
Park, S. · Ryu, J.
College of Medicine, Myongji Hospital, Kwandong
University of Korea
Koyang-City, REPUBLIC OF KOREA

MATERIALS & METHODS
A total 133 subjects with type 2 diabetes, including 44 cases
with acute ischemic stroke and 89 controls, underwent both
brain MR imaging and carotid ultrasonography. The traditional risk factors for cerebrovascular disease in both cases
and controls also were evaluated. Intima-media thickness
was measured at the far wall of both CCA using an automatic detection system. Differences of variables between cases
and controls were analyzed for statistical significance using
the t-test, Wilcoxon rank sum test, chi-square test and
Fisher’s exact test. To determine the independence of clinical risk factors related to CCA-IMT, we performed stepwise
multiple regression analysis.
RESULTS
Intima-media thickness of the common carotid artery and
plaque score in diabetic patients with acute ischemic stroke
were significantly greater than stroke-free diabetic patients,
and the prevalence of ischemic stroke increased with increased
CCA-IMT. Sex, history of smoking, history of hypertension
and low HDL were statistically significant in cases. When the
clinical risk factors were adjusted, the CCA-IMT and plaque
score may not be independent factors for clinical risk factors.
CONCLUSION
Thickening of the CCA-IMT and plaque score are associated with acute ischemic stroke in type 2 diabetic patients. To
prevent ischemic stroke in patients with type 2 diabetes,
strict control of hyperglycemia, hypertension, smoking and
low HDL, together with monitoring of CCA-IMT and
carotid plaque, may be important.
KEY WORDS: Intimo-medial thickness of common carotid
artery, stroke

Neuroradiology Email Case Conference
Berger, R. M. · Matchette, M. W.
University of Kansas
Wichita, KS
PURPOSE
This project is designed to demonstrate the usefulness of collaboration with colleagues via email and the internet for
sharing opinions regarding difficult or interesting cases.
MATERIALS & METHODS
Neuroradiologists typically encounter complex, difficult, or
interesting cases in their clinical practices. It enhances quality of patient care for the neuroradiologist to consult with
colleagues regarding these cases in order to arrive at a correct diagnosis, or plan an interventional procedure. We
describe an internet and email-based method for alerting fellow neuroradiologists to such cases and for sharing opinions
anonymously if needed.
RESULTS
Cases are taken from our PACS system, stripped of patient identification, and converted to JPG format. Where applicable,
MPG movie files and 3D user controlled VRML files are
included also. Cases then are converted into HTML galleries
using Photoshop 6.0 and uploaded to a server using FTP protocol. The URL of the individual case then is emailed to a list of
recipients whose replies are posted anonymously in the discussion section of the case. When all replies have been received,
the recipients are notified. They then can view not only their
opinion regarding a case, but the opinions of all the others.
Group members also may submit their own images to be posted in the discussion section if they have a similar case to share.
CONCLUSION
We have found email and web-based collaboration with colleagues, regarding difficult or interesting cases, to be a very
effective method for enhancing procedural safety and accuracy of imaging diagnosis. Furthermore, sharing of interesting cases in this manner enhances resident and staff education and fund of knowledge.
KEY WORDS: Internet, neuroradiology, conference
Electronic Scientific Exhibit 6
Reversible Posterior Leukoencephalopathy Syndrome:
Atypical Radiologic Features
Karli Oguz, K. · Gocmen, R. · Ozgen, B. · Ozturk, A. · Cila, A.
Hacettepe University
Ankara, TURKEY
PURPOSE
Alternative descriptive terms for reversible posterior
leukoencephalopathy syndrome (RPLS) have been proposed
recently by several authors since atypical radiologic features
are being reported more frequently. We sought to determine
atypical radiologic findings and their relation with predisposing factors leading to RPLS.
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PURPOSE
An increase in intima-media thickness of the common
carotid artery (CCA-IMT) generally is considered as an early
marker of atherosclerosis and has been associated with a
higher risk of stroke and myocardiac infarction. The aim of
this cross-sectional study was to assess the value of vascular
risk factors including CCA-IMT and plaque score in patients
of ischemic stroke with type 2 diabetes.
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MATERIALS & METHODS
Between January 2002 and October 2005, 14 patients (9 female,
4 male; age range 6-72 years, mean 25.6 years) who had clinical and radiologic findings consistent with RPLS were reevaluated retrospectively and serially. All patients had routine brain
MR imaging. Intravenous Gd-DTPA was administered in seven
patients. Eight patients had CT examination, nine had diffusionweighted imaging (DWI), six had MR angiography, and seven
had follow-up (1 week-16 months) MR imaging.
RESULTS
We found that this syndrome was more common in younger
females. Seizures, altered mental status, and visual disturbance were most common clinical manifestations.
Hypertension (n = 11), immunosuppressive or cytotoxic treatment (n = 6), systemic connective tissue disease (n = 6), renal
disease (n = 5), and eclampsia (n = 4) were main predisposing
factors of RPLS in our study. Four patients were receiving
cyclophosphamide and prednisone at the time of imaging. Of
the 14 patients, nine had plural predisposing factor (minimum
3, maximum 5). Characteristic T2 hyperintensities in the white
matter were present in posterior cerebral hemisphere in 13
patients. Nine patients had additional anterior hemispheric
lesions. Furthermore, one patients had only anterior hemispheric lesions. Six patients also had infratentorial lesions.
The cerebral cortex also was involved in 13 patients. Morever,
one patient had only cortical lesions. The lesions were hemorrhagic in three patients. Contrast enhancement was observed
in three patients. Typical vasogenic edema in the lesions was
observed in all patients, while both vasogenic and cytotoxic
edema was observed in two patients. Follow-up scanning in
six patients showed complete or partial resolution, whereas
cortical infarct developed in one patients.
CONCLUSION
Classical MR imaging findings include bilateral reversible
posterior white matter T2 hyperintensities of vasogenic
edema as the current most frequently used name implies.
However, in this retrospective study, cortical and infratentorial involvement, lesion location at anterior circulation territory, profound contrast enhancement was not uncommon.
Moreover one patient had a loss of cortical tissue on followup MR imaging. Recognition of the atypical findings help
early diagnosis of this benign condition, avoid unnecessary
diagnostic tests and proper treatment finally.
KEY WORDS: Brain, MR imaging, reversible posterior
leukoencephalopathy
Electronic Scientific Exhibit 7
Radiologic Spectrum
Hippocampus

of

Lesions

Involving
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Rovira, A.1 · Rovira-Gols, A.2 · Bargalló, N.3 · Grivé, E.1 ·
Mayolas, N.1 · Alvarez-Linera, J.4
1
Hospital Vall d’Hebron, Barcelona, SPAIN, 2UDIAT,
Sabadell, SPAIN, 3Hospital Clinic i Provincial, Barcelona,
SPAIN, 4Hospital Ruber Internacional, Madrid, SPAIN

PURPOSE
To review the MR imaging findings of several lesions that
predominantly affect the hippocampus.

MATERIALS & METHODS
In this scientific exhibit we will present representative cases
of various lesions involving the hippocampus.
RESULTS
The hippocampus, which forms a part of the limbic system,
has a crucial role in cognition and memory, particularly in the
formation of long-term memory. In vivo visualization of the
hippocampus became possible with the advent of MR imaging, which has allowed the identification of a variety of lesions
that mainly affect this formation. Many of the MR examinations performed to identify structural abnormalities of the hippocampus are obtained in patients with temporal lobe epilepsy (medial temporal lobe sclerosis) and several forms of primary neurodegenerative dementia, particularly those of the
Alzheimer type (hippocampus atrophy). However hippocampal changes can occur in a broad spectrum of disorders beyond
dementia and epilepsy, including ischemic lesions (infarction
within the posterior cerebral artery territory), primary brain
tumors, inflammatory and infectious diseases (viral and paraneoplastic encephalitis, demyelinating lesions), vascular malformations (cavernoma, arteriovenous malformation), and
focal cortical dysplasia, as well as several neuropsychiatric
disorders (schizophrenia, posttraumatic depression). The hippocampus also may be affected selectively in patients with
neurofibromatosis type I, and in the acute phase of transient
global amnesia and status epilepticus.
CONCLUSION
The hippocampus can be affected by a variety of processes
that may present with similar clinical findings. MR imaging
establishes the proper differential diagnosis with relatively
high specificity when a suitable imaging protocol is used.
KEY WORDS: Hippocampus, epilepsy, dementia
Electronic Scientific Exhibit 8
MR Spectroscopy: Can It Narrow Your Differential?
Shah, T. C. · Woldenberg, R. F. · Kingsley, P. B.
North Shore University Hospital
Manhasset, NY
The purpose of our electronic presentation is to review the
fundamental concepts of MR spectroscopy (MRS) and to
provide an approach to utilizing MRS as an additional tool in
diagnosing brain pathology. Our target audience consists of
radiology residents and radiologists in practice who would
like to incorporate MRS into their diagnostic neuroimaging
practice. At our institution, we routinely employ MRS on
brain lesions when a diagnosis is in question. We have compiled images and spectra from relatively common entities
such as infectious, neoplastic, and congenital disorders, as
well as some rarer conditions such as Zellweger’s syndrome.
We offer our experience in addressing diagnostic dilemmas
in which MRS has provided a reasonable differential.
KEY WORDS: MR spectroscopy, differential diagnosis
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Preoperative Planning of Brain Tumor Using Functional
MR Imaging
da Cruz, L. H.1 · Magalhães, F. V.1 · Nogueira, J.2 ·
Domingues, R. C.1 · Domingues, R. C.1
1

CDPI, Multi-Imagem Ressonancia, Rio de Janeiro,
BRAZIL, 2Instituto Nacional de Câncer, Rio de Janeiro,
BRAZIL
PURPOSE
To determine whether functional MR imaging sequences can
help add new information to presurgery approach to brain
tumors. To determine the efficiency and efficacy of these
news tools in evaluating brain tumors. To characterize the
MR features in the evaluation of brain tumors using these
new modalities.

RESULTS
Comparison between the two populations shows a decreased
blood flow and volume in the periventricular white matter of
the Lupus patients (dark areas in Fig 1).

RESULTS
MR imaging has been used widely to evaluate brain tumors.
CONCLUSION
With the advent of the new neuroimaging advanced tools,
the assessment of these lesions has been done more accurately and precisely, contributing to their evaluation and
management.
KEY WORDS: Brain tumor, preoperative planning, functional MR imaging
Electronic Scientific Exhibit 10
Lupus Central Nervous System Vasculitis: Circulatory
Pathology Demonstrated with Perfusion MR Imaging
Peyre, J. · Smith, J. K. · Jomier, J. · Castellano, F. ·
Hollingshead, M. · Aylward, S. · Castillo, M.
University of North Carolina
Chapel Hill, NC
PURPOSE
This study aims to study circulatory pathology in systemic
lupus erythematosus (Lupus) central nervous system (CNS)
vasculitis using perfusion MR imaging and a statistical atlasbased comparison to normal subjects technique.

There was no significant difference between the two groups
in the gray matter. Since it is likely that each Lupus patient
may have uniquely distributed perfusion abnormalities, a zscore analysis was performed to compare each individual
Lupus patient with the mean of the control group. We found
a patchy, diffuse decrease in the white matter CBV and CBF
for most of the patients.
CONCLUSION
Perfusion MR imaging demonstrates decreased perfusion of
periventricular white matter of Lupus patients as a group,
and in most individuals. This atlas-based comparison technique may be useful for studying a wide range of circulatory pathology.
KEY WORDS: Atlas, brain, perfusion imaging
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MATERIALS & METHODS
MR exams were performed in a 1.5 T clinical scanner
(Siemens, Germany) using MR clinical standard protocol
and functional MR imaging sequences. Diffusion tensor
imaging (DTI) and tractography were performed using a single shot spin-echo echo-planar sequence applied in 12 different directions and then data was analyzed by DTI TaskCard software (MGH, Boston, MA). MR perfusion was performed following bolus infusion of intravenous contrast
material, acquiring relative cerebral blood volume (rCBV).
MR spectroscopy was done with a multivoxel PRESS
sequence (TE = 30 ms). Functional MR imaging was used to
identify eloquent areas of cortical activation (sensory motor
and language) based on the BOLD phenomenon.

MATERIALS & METHODS
Perfusion images from nine subjects with clinical or histologic diagnosis of Lupus CNS vasculitis were compared to a
perfusion atlas formed from 10 age-matched normal controls. Perfusion MR imaging was performed using the
dynamic susceptibility contrast technique with gradient-echo
echo-planar acquisition at 1.5 T. This atlas-based comparison involved the following steps: First, each T1 image is
stripped to keep only intracranial image data. Second, a histogram matching technique followed by a bias correction
process is performed to remove intra and interpatient intensity variations and thereby enable the consistent labeling of
gray and white matter and cerebrospinal fluid (CSF). Then,
for each patient, perfusion images (cerebral blood volume
and cerebral blood flow) are registered to their own T1
images using an affine registration. Next, all subjects images
are registered to a phantom image set using nonlinear registration. Then, for each population, statistical atlases that capture the pixel-by-pixel means and variances of perfusion in
white and gray matter are created. Finally, Lupus patients are
compared pixel-by-pixel to the normal atlas, using z-score
for individual subjects and t-test for group comparison.
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Bell’s Palsy: The Most Common Cause of Facial Nerve
Paralysis
Pulnik, J. · Castellano, F. · Hollingshead, M. · Castillo, M.
University of North Carolina Hospitals
Chapel Hill, NC
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PURPOSE
The majority of cases of acute facial nerve paralysis are of
the Bell’s type. In general, imaging is not necessary in the
diagnosis of patients presenting with symptoms of typical
Bell’s palsy. However, in patients with atypical or unusual
symptoms, which include a slow onset, bilateral symptoms,
and recurrent palsy, imaging is critical in the evaluation.
These patients can have a variety of underlying diseases
ranging from atypical Bell’s palsy secondary to a viralinduced neural dysfunction to malignancy, infection, or
intracranial lesion.
MATERIALS & METHODS
We reviewed our experience with patients with a clinical history of acute facial nerve palsy. Relevant images were identified to illustrate the wide variety of causes of acute facial
nerve palsy with an emphasis placed on those patients presenting with atypical Bell’s palsy. While the benefit of MR
imaging will be emphasized, images from computed tomography (CT) are included also.
RESULTS
Knowledge of the anatomy of the facial nerve is necessary
for proper evaluation and diagnosis. Disease in various
aspects of the facial nerve will lead to a certain set of symptoms. The course of the facial nerve is reviewed briefly. The
clinical and imaging features of Bell’s palsy, both typical and
atypical, are illustrated.

MATERIALS & METHODS
The follow-up MR imaging of a cohort of 20 patients have
been analyzed for a period of 12 years. All patients had been
treated previously with surgery for hemispheric brain mass
and consequently underwent radiation therapy and
chemotherapy. All patients developed radiation necrosis and
underwent serial follow-up MR imaging in different time
sequences (6 to 15 follow-ups) over a maximum period of 12
years.
RESULTS
On serial posttreatment imaging studies, development of
intraparenchymal lesions occurred in all patients, ranging
from 5 to 120 months after radiation. They became manifest
as intensive bright peripheral and intrafocal contrast
enhancement, and abnormal T2-weighted signal with
remarkable discrepancy between the extension of the lesions
and the existing nonrelevant mass effect. There was a broadly based bright intensive enhancement with festoon-like or
facet-like configuration. It often develops centrifugal from
the margin of the postsurgery brain damage and involves
both the gyral surface and the subependymal periventricular
space. All cases showed a progressive atrophy of ipsilateral
cerebral peduncle and an abnormal T2-weighted signal,
which developed as a late delayed feature, ranging from 15
to 120 months after the radiation. At the time of surgery, and
respectively the first year after surgery, there were no signs
of distant atrophy or signal abnormalities of the corticofugal
fibers at the level of midbrain. This suggests a secondary
neuroaxonal dystrophy, or demyelination secondary to axon
degeneration (Wallerian degeneration), developed late and
delayed after the radiation therapy.

Electronic Scientific Exhibit 12

CONCLUSION
X-irradiated white matter is more susceptible to partial
demyelination than normal white matter and effects of loss
of endothelial integrity after radiation has its most profound
effect on white matter. The influence of radiation can act on
the natural history of brain tumors by causing different morphologic and metabolic changes over an unlimited interval
after radiation therapy. The secondary diffuse axonal degeneration due to radiation-induced effects can lead to distant
demyelination and atrophy of corticofugal long fibers at the
level of midbrain. In cases with renewed growth of a mass at
the site of previously treated brain tumor associated with
contrast enhancement, and consequently raised issues of
indication for and choices of treatment, the sign of Wallerian
degeneration at the level of midbrain indicate an existing
radiation necrosis.

Radiation Necrosis Affirmation by Analysis of Diffuse
Axonal Injury Using Serial MR Imaging

KEY WORDS: Radiation necrosis, diffuse axonal injury

CONCLUSION
While typical Bell’s palsy does not require imaging for diagnosis, radiologic evaluation, particularly with MR imaging,
is crucial in the evaluation of patients with atypical or unusual presentations of acute facial nerve paralysis.
KEY WORDS: Bell’s palsy, facial nerve paralysis

Mironov, A.
Kantonsspital Aarau
Aarau, SWITZERLAND
PURPOSE
To explore the significance of existing diffuse axonal injury
with secondary demyelination (Wallerian degeneration) of
the corticofugal fibers at the level of midbrain on MR imaging, in differentiating radiation injury versus tumor recurrence in patients previously treated for brain neoplasm, who
present with new contrast-enhancing lesions at the site or
vicinity of their primary tumor.
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The Use of a Digital Blink Comparator to Increase
Detection and Conspicuity of Brain Lesions
Kuhn, M. J.1 · Kuhn, A. R.2 · Stevens, W. R.1
1
Southern Illinois University, Springfield, IL, 2University of
North Carolina, Chapel Hill, NC

PURPOSE
This presentation will demonstrate an innovative PACS technique that can be applied to the interpretation of brain MR
and CT studies. The technique incorporates a “blink” method
to digitally project and rapidly alternate new and prior brain
images directly in front of the radiologist; this contrasts with
traditional side-by-side or up-down comparison methods.
The digital blink comparator results in improved sensitivity
for detecting abnormalities and interval changes.

RESULTS
Each of the two radiologists initially detected a total of 149
and 154 abnormalities each using conventional PACS interpretation methods. Following the use of the digital blink
comparator technique, the radiologists detected a total of 168
and 178 abnormalities, respectively. This resulted is an
improved detection rate of 12.8% and 15.6%, respectively.
In addition, changes in size and configuration of lesions
were appreciated and evaluated more readily using the digital blink comparator technique than by conventional methods. It is well established that highly evolved visual systems
of most organisms are more sensitive to motion than to static images. Pyschological and physiologic studies of radiologists’ visual processing have similarly determined that static
medical images recruit fewer neurons and use smaller retinal
areas than moving images. Furthermore, recent functional
brain mapping studies reveal that radiologists utilize more
functional brain centers outside of the primary visual cortex
than equally educated controls. These functional visual areas
include the superior parietal lobule and the MT+ regions of
the posterior-medial temporal lobes which are used for visual motion processing. The use a digital blink comparator
incorporates such physiologic and psychological mechanisms to improve accuracy of CT and MR brain interpretations. Advances in the field of scientific visualization will
continue to help PACS take advantage of nontraditional, but
scientifically grounded techniques.

KEY WORDS: PACS
Electronic Scientific Exhibit 14
An Objective Sign for the Diagnosis and Follow Up of the
Treatment in Patients with Intracranial Hypotension
Panughpath, S. · Sinclair, J. · Goyal, M. · Miller, W. · Lum,
C.
Ottawa Hospital-Ottawa University
Ottawa, ON, CANADA
PURPOSE
The MR imaging signs of intracranial hypotension (IH) such
as enhancement of the pachymeninges, downward displacement of the brain, and subdural fluid collections, are well
known. We have observed in cases of IH that there is reduction of the angle formed by the vein of Galen and internal
cerebral vein, which returns to the baseline after treatment.
MATERIALS & METHODS
We retrospectively reviewed the MR images of the eight
patients with intracranial hypotension. A midsagittal T1 or
T2-weighted image was selected on which the vein of Galen
and the internal cerebral vein were seen in the same plane.
Two tangents were drawn, one along the outer curvature of
the vein of Galen and another parallel to the caudal margin
of the internal cerebral vein, with these tangents bisecting
within 1 cm from tip of the splenium of the corpus callosum
(Fig 1).

The angle between these two tangents was measured and
documented. This angle measured from the MR images of
the 50 normal controls also was recorded.
RESULTS
Of the eight patients with intracranial hypotension, the mean
angles formed by the veins in the IH and control groups were
72.6° (range: 91° to 63°) and 91.3° (range: 124°-56°), which
was significant (P: 0.001). In two patients follow-up MR
imaging demonstrated return of the collapsing angle to the
normal range following the appropriate treatment (Fig 2).

Electronic Scientific Exhibits

MATERIALS & METHODS
Fifty pairs of new and prior CT or MR images of the brain
were separately presented to two neuroradiologists in the
conventional “stack” format typical of contemporary PACS
interpretation style. There was a cumulative total of 182
focal lesions. Each neuroradiologist was asked to note the
number of abnormalities on each image and to record any
changes in the number or size of lesions between the old and
new paired images. These images subsequently were
reviewed by the same neuroradiologists using the digital
blink comparator technique in which the old and new images
were rapidly (at a rate of 0.3/second) superimposed upon
each other in a fashion which caused changes to appear to
“blink” on and off in front of the interpreter with no need for
the individual to turn his head or move his eyes back and
forth.

CONCLUSION
The use of a digital blink comparator results in significant
improvement in the ability of a neuroradiologist to detect
brain lesions and/or changes when comparing new and prior
CT and MR studies.
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Superficial Siderosis of the Central Nervous System:
Diagnostic and Etiologic Issues
Besada, C. H.1 · Scalise, G.1 · Funes, J. A.1 · Yacovino, D.1 ·
Santa Cruz, D.1 · Romero, C.2 · Taratuto, A.2 · Ameriso, S.2 ·
Meli, F.2
1

Hospital Francés, Buenos Aires, ARGENTINA, 2FLENI,
Buenos Aires, ARGENTINA
CONCLUSION
We report a previously undescribed imaging finding in
patients with IH. We hypothesize that reduction of the angle
formed between the vein of Galen and internal cerebral veins
is related to descent of the brainstem with relative fixture of
the deep veins at the tentorium cerebelli. This may be a useful imaging finding in cases of IH where some of the classical imaging features may be absent.
KEY WORDS: Intracranial hypotension, MR imaging

PURPOSE
To demonstrate the importance of GE sequences in the diagnosis of superficial siderosis (SS). To include amyloid
angiopathy into the possible etiologies of this rare entity,
which to our knowledge has not been emphasized.
MATERIALS & METHODS
We have evaluated six cases with signs of SS in MR imaging. In all of them we included GE sequences in the exam,
making the images much more conspicuous. Some cases
also had undergone other imaging studies to exclude vascular anomalies.

Electronic Scientific Exhibit 15
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Fully Automated Bone Removal and Maximum Intensity
Projectioning of CT Angiography Data Sets Using
Matched Mask Bone Elimination and Grid Computing
Majoie, C. B. L. · Venema, H. W. · Snel, J. · Gratama van
Andel, H. · van Straten, M. · Grimbergen, C. · den Heeten, G.
J.
Academic Medical Center
Amsterdam, THE NETHERLANDS
CT angiography (CTA) is an important imaging modality for
the visualization of intracranial arteries and veins, and cervical arteries. Source images from CT angiography often are
displayed as maximum intensity projection (MIP) reconstructions to obtain angiographic images. A drawback of the
MIP technique is that extensive preprocessing is needed to
remove the bone from the source images. Matched mask
bone elimination (MMBE), is a valuable technique to eliminate bone pixels from CT angiographic source images, to
create bone-free MIP images. We have developed and extensively tested a MMBE unit that enables fully automated,
operator independent bone removal and maximum intensity
projectioning using grid computing. This unit can be integrated in any hospital environment. The purpose of this
exhibit is to demonstrate our fully automated method, illustrated by several case examples, including intracranial
aneurysms, intracranial vascular stenosis, cervical arterial
stenosis, and dural sinus thrombosis.
KEY WORDS: CT angiography, bone elimination, grid computing

RESULTS
In four cases we found multiple superficial intraparenchymal
hematomas. These patients were elderly, suggesting the
diagnosis of amyloid angiopathy. Two of them were confirmed by brain biopsy. Most of these hematomas had been
asymptomatic in the clinical history of these patients. In the
other two cases without parenchymal hemorrhage, the deposition of hemosiderin in the leptomeninges and subpial layers of the central nervous system (CNS) was characteristic,
affecting mainly the posterior fossa. None of our patients
showed anomalies in the angiographic studies.
CONCLUSION
We highlight the role of the GE sequences in the depiction of
superficial siderosis and we propose to include amyloid
angiopathy into the differential diagnosis of this condition,
especially when it is associated with intraparenchymal
hematomas in elderly people.
KEY WORDS: Superficial siderosis, GE sequences

Anatomy
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IAC/CPA Anatomy: An Interactive Learning Module
Hutchins, T. A. · Cline, K. L. · Rosel, P.
Tulane University
New Orleans, LA
PURPOSE
To review the anatomy of the cerebellopontine angle (CPA)
and the internal auditory canal (IAC).
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MATERIALS & METHODS
MR images of the CPA/IAC from normal subjects are used
to create an interactive computer learning module.
Schematics are used to reinforce anatomical relationships.
Self pre and posttests are provided to help the user gage their
progress.
RESULTS
The user will be able to navigate through the images in a
manner similar to using a workstation or PAX. By indicating
structures of interest, they will become labeled and in some
instances highlighted. When appropriate, a link will be provided to the relevant schematic for comparison.
CONCLUSION
The delicate CPA/IAC anatomy has become easier to see
with advancing imaging techniques. This interactive learning module teaches the anatomy and is well suited for residents/fellows just starting or as a review for the practicing
neuroradiologist.

from a list filtered by location, category, or keyword. Each
structure has an accompanying discussion and a list of references. There is also a series of quizzes supplementing the
educational value of the program.
CONCLUSION
CT Soft Tissue Neck Anatomy for the Internet is a widely
accessible educational and reference tool oriented toward
physicians, students, and anyone interested in anatomy. The
newly designed program offers enhanced anatomical detail
as well as added education value.
KEY WORDS: Anatomy, neck, CT
Electronic Scientific Exhibit 19
The Anatomy Wiz: An Interactive Internet-Based
Anatomy Tutorial - MDCT of the Temporal Bone
Raghavan, M. · Muro, G.

KEY WORDS: IAC, CPA, anatomy
Electronic Scientific Exhibit 18
Anatomy Wiz - Soft Tissue Neck: An Interactive, Online
Reference, and Educational Tool

Bridgeport Hospital
Bridgeport, CT
PURPOSE
To create an Internet-based CT Soft Tissue Neck anatomy
reference tool that is both educational and easy to use.
MATERIALS & METHODS
This is an addition to an existing module that describes MR
imaging anatomy of the soft tissue neck. This is one of several modules created using an authoring program designed
by one of the authors. The program is designed to allow anyone with an interest in cross-sectional anatomy to create a
module of his or her choice. The authoring program, as well
as the stand-alone viewer, were written in the Microsoft
Visual Basic 6.0 programming language. The original data is
stored in a Microsoft Access database. One of two Internet
versions of the programs utilizes HTML enhanced with ASP
and _VBScript. The other version uses ASP.NET along with
the Microsoft .NET Framework. The .NET Framework was
chosen for this application primarily for application speed
and the rich class libraries of data access, image, and line
drawing functions. The application programming language
used is Visual Basic. The current module includes axial contrast-enhanced images of the neck obtained on a 32-slice
MDCT scanner as well as coronal MPRs created from the
source data.
RESULTS
The program consists of several unique features such as the
ability to scroll through consecutive cross-sectional images
in a manner similar to a PACs or other radiologic workstation. An anatomical structure is identified easily by clicking
on it, after which the structure remains highlighted on consecutive images. A structure of interest also can be selected

PURPOSE
To create an Internet-based CT temporal bone anatomy reference tool that is widely accessible and easy to use.
MATERIALS & METHODS
This is an updated version of an existing temporal bone
anatomy program. This is one of several modules created
using an authoring program designed by one of the authors.
The program is designed to allow anyone with an interest in
cross-sectional anatomy to create a module of his or her
choice. The authoring program, as well as the stand-alone
viewer, were written in the Microsoft Visual Basic 6.0 programming language. The original data is stored in a
Microsoft Access database. One of two Internet versions of
the programs utilizes HTML enhanced with ASP and
VBScript. The other version uses ASP.NET along with the
Microsoft .NET Framework. The .NET Framework was chosen for this application primarily for application speed and
the rich class libraries of data access, image and line drawing functions. The application programming language used
is Visual Basic.
RESULTS
The original program consists of several unique features
such as the ability to scroll through consecutive cross-sectional images in a manner similar to a PACs or other radiologic workstation. An anatomical structure is identified easily by clicking on it, after which the structure remains highlighted on consecutive images. A structure of interest also
can be selected from a list filtered by location, category, or
keyword. Each structure has an accompanying discussion
and a list of references. Added features of the new module
include multidetector CT images of the temporal bone with
much thinner slice thickness and better anatomical detail. In
addition, the updated module includes a series of quizzes
supplementing the educational value of the program.
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Wendorf, K. · Muro, G.

Bridgeport Hospital/Yale-New Haven Health
Bridgeport, CT
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CONCLUSION
Temporal Bone Anatomy for the Internet is a widely available educational and reference tool oriented toward physicians, students, and anyone interested in anatomy. The newly
designed program offers enhanced anatomical detail as well
as added educational value.

Head and Neck
21-33

Electronic Scientific Exhibit 21
KEY WORDS: Anatomy, temporal bone, head and neck
Electronic Scientific Exhibit 20
CT Angiographic Appearance of the Vertebral Arteries:
A Review of Normal Anatomy and Common,
Uncommon, and Rare Variants
Heran, M. K. S.1 · Miropolsky, V.1 · Verma, R.2 · Graeb, D.
A.1
1

Vancouver General Hospital, Vancouver, BC, CANADA,
[
University of British Columbia, Vancouver, BC, CANADA
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PURPOSE
Vertebral artery embryogenesis and anatomy has been well
described. CT angiography provides a rapid, noninvasive
method for evaluation of this anatomy. The purpose of this
presentation is to review normal anatomy, as well as a number of common, uncommon, and rare variants with respect to
the vertebral arteries.
MATERIALS & METHODS
We retrospectively reviewed CT angiography examinations
performed at our tertiary care hospital over the period of
January 2002 to present, with an aim to identify classical and
variant anatomy. Features such as site of vertebral artery origin, vertebral artery dominance, foramen transversarium
entry, and course and number were assessed. We then
reviewed the literature with respect to the relative frequency
of occurrence of the variant anatomy we encountered.
RESULTS
Classical vertebral artery anatomy consists of a dominant left
vertebral artery, with both vertebral arteries arising from
their respective subclavian arteries. Usual foramen transversarium entry occurs at the level of C6. This classical appearance will be reviewed, as will the relative occurrence of this
anatomy. Representative cases demonstrating common,
uncommon, and rare variant anatomy of the left and right
vertebral arteries will be shown, as identified on CT angiography. Three-dimensional representation of some of these
variants also will be shown to aid in the understanding of the
arterial anatomy, and to highlight the usefulness of these
diagnostic aids. The reported frequency with which these
variants can be seen also will be discussed.
CONCLUSION
CT angiography is an excellent tool for anatomical assessment of the posterior circulation, and can readily identify
normal and variant embryogenesis. We have reviewed the
appearance and reported incidence of classical vertebral
artery anatomy, as well as that of common, uncommon, and
rare variants.
KEY WORDS: Vertebral, variant, anatomy

Cranial Nerve Denervation: A Pictorial Review of
Imaging Features and Pseudolesions
Chaudhary, N.1 · Fareedi, S.1 · Woo, E.2 · Connor, S. E. J.1
1

King`s College Hospital, Denmark Hill, London, UNITED
KINGDOM, 2Guys and St. Thomas Hospital, London,
UNITED KINGDOM
Purpose
The purpose of this pictorial review is to bring together the
CT and MR findings of V, VII, X (including recurrent laryngeal nerve), XI, and XII cranial nerve denervation. Emphasis
was on those appearances which may be confused with local
pathology (pseudolesions). It was aimed also to describe the
temporal course of imaging findings in cranial nerve denervation, to explain the patterns of involvement with anatomical correlation, and to review the literature for the most likely causes.
MATERIALS & METHODS
CT and MR scans performed in our institution were
reviewed retrospectively for features of cranial nerve denervation. Images were selected which demonstrated the typical
imaging patterns of cranial nerve denervation and which
illustrated pseudolesions.
RESULTS
Cranial nerve denervation may result in edema and later
atrophy in relevant muscle groups. This may be misinterpreted as local pathology either due to the alteration in morphology (resulting from flaccid muscle on the ipsilateral side
or relative increase in muscle bulk on the contralateral side),
due to changes in signal/attenuation in the presence of
increased fluid/fat content or pathologic enhancement, or
due to the insertion of muscle grafts to replace the denervated muscles. Hence the typical imaging features and patterns
of muscle involvement should be recognized in order to
diagnose cranial nerve denervation and prompt a search for
possible etiologies.
CONCLUSION
This pictorial review lends a clear understanding of the
imaging findings due to cranial nerve denervation.
KEY WORDS: Denervation, cranial nerve, pseudolesions
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Orbital Masses: How to Differentiate True Vascular
Lesions from Nonvascular Mimickers

Imaging of the Carotid Space: A Pictorial Review
Woo, E. K.1 · Chaudhary, N.2 · Fareedi, S.2 · Connor, S. E. J.2

Poon, C. S. · Johnson, M. H.
Yale University School of Medicine
New Haven, CT
PURPOSE
Both vascular and nonvascular lesions can be presented with
mass effect in the orbits, such as proptosis. Although most
vascular orbital masses can be differentiated from nonvascular masses based on imaging, we have encountered several
cases where vascular lesions were suspected both clinically
and by imaging but subsequently were proven to be nonvascular, leading to a surprise in final diagnosis. In addition,
orbital mass effect may result from extraorbital pathology
secondary to alteration of normal orbital blood flow pattern.
In this presentation, we will (1) review the anatomy of the
orbits with particular attention to both arterial and venous
structures, (2) discuss the mechanism of altered blood flow
patterns related to the presentation of orbital masses, and (3)
discuss the distinguishing features of true vascular lesions
and tumors that mimic vascular lesions.

RESULTS
Normal blood flow pattern of the orbits may be altered due
to arteriovenous shunting, or compression of vessels by mass
effect. In addition, orbital masses may demonstrate enhancement patterns that simulate the presence of vascular structures, or distort the normal vascular anatomical landmarks.
Understanding of the normal anatomy and vascular flow patterns of the orbits, and appropriate use of imaging techniques
including contrast-enhanced MR imaging, MR angiography
(MRA), and CT angiography, often help to provide important imaging clues that will lead to the correct differential
diagnosis. These imaging clues will be illustrated using
cases from our institution, including soft tissue orbital mass
lesions that have been mistaken for vascular lesions on CT
and MR imaging, such as neurofibroma, metastases, and
variations in orbital venous drainage. The diagnostic pitfalls
and approach for evaluation using advanced imaging techniques such as contrast-enhanced MR imaging, MRA, and
CT angiography will be discussed.
CONCLUSION
Vascular and nonvascular orbital lesions may mimic one
another on clinical presentation and imaging studies.
Understanding of the normal orbital anatomy and blood flow
pattern, and careful analysis of imaging features, can often
help one to avoid the diagnostic pitfalls. CT angiography
now is becoming widely available. This allows noninvasive
evaluation of orbital vascular anatomy, and provides important information to facilitate accurate diagnosis.
KEY WORDS: Orbit, orbital mass, CT angiography

PURPOSE
To describe and illustrate the anatomy and pathology of the
carotid space using CT and MR imaging.
MATERIALS & METHODS
The carotid space is the area bounded by the carotid sheath
and this extends from the skull base to the arch of the aorta.
Knowledge of the contents of the carotid space and its anatomy facilitates localization and diagnosis of masses in this
region. A didactic power point presentation format will be
used.
RESULTS
In this exhibit we describe and illustrate the normal CT and
MR anatomy of the carotid space. The differentiation from
mass lesions in the parotid space, masticator space, retropharyngeal space and pharyngeal mucosal space will be shown.
Paragangliomata (carotid body, glomus jugulare, glomus
vagale), nerve sheath tumors (schwannoma, neurofibroma),
meningioma, lymphadenopathy, abscess, carotid artery
pathology (aneurysm, pseudoaneurysm, dissection, thrombosis) and jugular vein thrombosis will be discussed and
illustrated. Pathologic correlation will be provided.
CONCLUSION
The purpose of this exhibit is to familiarize the reader with
the anatomy and pathology of the carotid space and their
characteristic CT and MR appearances.
KEY WORDS: Carotid space, head and neck, anatomy
Electronic Scientific Exhibit 24
Imaging of Acute Torticollis
Huang, B. Y. · Marino, T. · Oljeski, S. · Castillo, M.
University of North Carolina
Chapel Hill, NC
PURPOSE
To describe the entity of acute torticollis and its potential
causes, and to review the appropriate imaging work-up and
pertinent findings in patients presenting with acute torticollis.
MATERIALS & METHODS
In this didactic electronic exhibit, we present an approach to
evaluating patients with acute torticollis. The causes of acute
torticollis are discussed and the typical imaging characteristics of these entities are demonstrated.
RESULTS
Torticollis refers to the presentation of the head in an abnormal twisted or bent position. It can be congenital or acquired
and can represent a primary disease entity or a symptom of
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MATERIALS & METHODS
A literature review on orbital disease is performed using
Medline. The findings based on current literature and the
case series from our institution are analyzed and summarized. These findings will be presented as a pictorial essay,
with incorporation of illustrative cases from our institution.

1
Guy’s Hospital, London, UNITED KINGDOM, 2King’s
College Hospital, London, UNITED KINGDOM

eses.qxp

3/9/2006

11:18 AM

Page 436

436

Electronic Scientific Exhibits

an underlying pathologic condition. Evaluation may include
radiographs, CT, ultrasound, or MR imaging, and the choice
of imaging modality depends on patient age and clinical
presentation. A suggested algorithm for imaging patients
with acute torticollis is presented below (Fig 1).

While most cases of acute torticollis are due to “benign” etiologies which can be managed conservatively, the list of disease entities which may present with acute torticollis is
extensive. Appropriate diagnosis and treatment of the underlying cause of torticollis is important not only because of the
pain and debilitation directly associated with the deformity,
but also because of the potential chronic complications, both
physical and emotional, that can occur if the condition is left
untreated. Congenital torticollis is most often due to fibromatosis colli, which has a typical clinical presentation and
sonographic appearance. Acquired torticollis, on the other
hand, may be idiopathic or due to a myriad of causes including trauma; infectious or inflammatory conditions of the
spine, airway, or central nervous system; spine or central
nervous system neoplasms; and spinal cord abnormalities
such as syringohydromyelia. Recently, the interstitial nucleus in the midbrain has been proposed as the probable site of
abnormality in patients with idiopathic spasmodic torticollis,
and MR spectroscopy has demonstrated decreased levels of
NAA in the basal ganglia of these patients. Rotatory
atlantoaxial subluxation is seen frequently in patients presenting with torticollis, but its exact relationship to the disorder remains controversial.
CONCLUSION
Acute torticollis is an entity in which imaging plays a vital
role in its evaluation. Radiologists should be knowledgeable
of the potential causes of acute torticollis and their respective
imaging appearances and be able to suggest the appropriate
imaging work-up of patients presenting with the condition.
KEY WORDS: Torticollis
Electronic Scientific Exhibit 25
Diagnostic Evaluation of Head and Neck Cancer: A
Computer-Based Training Module
McCue, J. R.1 · Gentry, L. R.1 · Smoker, W. R. K.2 · Reede,
D. L.3 · Hartig, G. K.1 · Harari, P. M.1 · Corliss, R. F.1
1

University of Wisconsin, Madison, WI, 2University of Iowa,
Iowa City, IA, 3Long Island University, New York, NY

PURPOSE
Provide residents, fellows, and other physicians a comprehensive teaching and training module for the diagnostic evaluation and treatment of squamous cell cancer (SCCa) of the
head and neck (H&N).

MATERIALS & METHODS
Interactive electronic format.
RESULTS
This comprehensive module provides background in SCCa
of the H&N. Anatomy is reviewed using illustrations, diagrams, imaging, and surgical/endoscopic techniques. The
TNM staging system is reviewed for all commonly encountered sites including: 1) paranasal sinus and nasal cavity; 2)
lip and oral cavity; 3) oropharynx; 4) hypopharynx; 5) larynx; 6) nasopharynx. Illustrative cases including diagrams,
imaging and surgical/endoscopic findings are provided for
each T and N stage disease. Common treatment options are
reviewed and provided for reference during the evaluation of
cases. Typical pathologic/histological findings are reviewed
as well as routes of spread in H&N cancer. An interactive
step-through head and neck staging tool is provided to assist
in staging of squamous cell cancers of the head and neck.
CONCLUSION
This module provides a comprehensive teaching module
addressing the issues commonly encountered in the diagnostic evaluation and treatment of squamous cell cancer of the
head and neck. The module provides a framework which is
intended to be useful for those physicians inexperienced in
the field of head and neck cancer as well as provide a reference module which will be useful for experienced providers
in the staging and treatment of these cancers.
KEY WORDS: Cancer, head and neck, squamous cell
Electronic Scientific Exhibit 26
Infrahyoid Cervical Anatomy and Pathology: Oh, Which
Space Is That Lesion In?
Chao, C. P. · Weindling, S. M. · Broderick, D. F.
Mayo Clinic
Jacksonville, FL
PURPOSE
To review pertinent anatomy of the infrahyoid neck, particularly those spaces defined by layers of the deep cervical fascia, and to illustrate the more commonly occuring pathologies within these spaces.
MATERIALS & METHODS
Our understanding of head and neck anatomy and cervical
pathology has been enhanced greatly by the introduction of
a systematic spatial approach to the suprahyoid and infrahyoid neck. Space-specific differential diagnoses can be generated by analysis of the location of a lesion and its imaging
characteristics. A retrospective review of patients who
underwent cervical CT or MR imaging at our institution was
performed. Patients with imaging findings nicely demonstrating the fascial boundaries and/or representative spatial
pathologies within the infrahyoid neck are presented.
RESULTS
The spectrum of pathologies occurring within the various
spaces of the neck includes neoplasms, pseudomasses, infectious and inflammatory processes, congenital lesions and
posttraumatic lesions. Unenhanced CT is helpful in identifying intrinsic bony or calcific matrix or associated calcifica-
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tions. Contrast-enhanced CT better characterizes the majority of cervical pathology, including demonstration of central
necrosis, adenopathy, and the relationship of the lesion to
vascular structures. Gadolinium-enhanced MR imaging is
especially useful in patients who cannot tolerate iodinated
contrast material or in evaluation of complex masses.
CONCLUSION
A thorough understanding of cervical anatomy on CT and
MR imaging is of utmost importance in the correct diagnosis and management of head and neck lesions. In this exhibit, we focused on those spaces limited to the infrahyoid neck
or the infrahyoid aspect of those spaces common to both the
suprahyoid and infrahyoid neck. Lesion localization utilizing
the previously described infrahyoid spatial approach helps to
more correctly generate a differential diagnosis and to more
accurately convey the imaging findings to our clinical colleagues.
KEY WORDS: Infrahyoid cervical anatomy, infrahyoid cervical pathology
Electronic Scientific Exhibit 27
Imaging of the Retropharyngeal and Prevertebral Space
Javeri, Z. K. · Jain, R. · Corrigan, J. J. · Patel, S.

Electronic Scientific Exhibit 28
Imaging Microscopy of the Middle and Inner Ear
Lane, J. I. · Witte, R. J. · Camp, J. · Driscoll, C. L. W. · Robb,
R.
Mayo Clinic
Rochester, MN
PURPOSE
An understanding of the three-dimensional (3D) relationships of anatomical structures that make up the middle and
inner ear is critical for radiologists and otolaryngologists to
adequately interpret imaging studies in the clinical environment. Three-dimensional reconstructions of the middle and
inner ear from clinical scanner suffer from limited resolution
and relatively large fields of view. We have taken advantage
of existing technology employed in the field of imaging
microscopy to construct a computer-based learning module
of middle and inner ear anatomy.
MATERIALS & METHODS
Cadaver temporal bone specimens were studied on a 9 T
research MR scanner and a micro CT scanner. The MR
microscopy dataset achieved a voxel size of 78 microns and
the CT microscopy of 20 microns.
RESULTS
Image volumes are presented in an interactive display in
three orthogonal planes as well as in 3D perspectives.

PURPOSE
The purpose of the exhibit is to discuss the anatomy of the
prevertebral and retropharyngeal region using different
imaging modalities and sketch diagrams. We also will
demonstrate various pathologic processes within these
spaces.

CONCLUSION
This interactive anatomical display of the temporal bone
emphasizes the spatial orientation of clinically relevant
anatomical structures within the middle and inner ear that
have been seen previously only with standard light microscopic techniques.

MATERIALS & METHODS
CT, MR imaging, plain X-rays, and sketch diagrams from
our teaching files will be used to demonstrate the normal
anatomy and various pathologic processes in the prevertebral and the retropharyngeal spaces.

KEY WORDS: Imaging microscopy, temporal bone, anatomy

RESULTS
We will show various examples of retropharyngeal and prevertebral space effusions due to various etiologies including
longus colli tendonitis, septic thrombophlebitis of the jugular vein, postoperative fluid effusions, effusions secondary to
subclavian catheter insertions. We also will demonstrate different causes for abscess formation in these spaces. Cases
with postoperative and posttraumatic fluid collections,
hematomas, and emphysema will be included to better
demonstrate these spaces.
CONCLUSION
In conclusion, we will demonstrate the anatomy of the
retropharyngeal and the prevertebral space using various
imaging modalities, sketch diagrams and examples of different etiologies in these locations.
KEY WORDS: Retropharyngeal anatomy, prevertebral anatomy, soft tissue neck anatomy

Electronic Scientific Exhibit 29
Role of 3D CT in Evaluation of Temporal Bone Pathology
Fatterpekar, G. M. · Doshi, A. · Dugar, M. · Delman, B. ·
Lebioda, C. · Naidich, T. · Som, P.
Mt. Sinai Medical Center
New York, NY
PURPOSE
This exhibit illustrates the role of 3D CT for (a) evaluating
temporal bone pathology, (b) providing additional information not obtained from conventional 2D imaging, and (c)
guiding appropriate surgical procedures.
MATERIALS & METHODS
High-resolution CT scans of the temporal bone were
obtained in 134 patients with complaints related to the auditory apparatus in the axial (inferior orbito-meatal) plane
using a 16-slice spiral CT (Somatom Sensation 16, Siemens
Medical Solutions, Malvern, PA, USA), 120 kv, 200 mAs
and overlapping 0.7 mm thick sections reconstructed at 0.1
mm intervals. The axial data sets were postprocessed on
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Terarecon (Aquarius Workstation, V 3.3, San Mateo, CA) to
provide both 3D projections and special oblique planes
designed to display specific structural relationships.
RESULTS
The 3D-CT reconstructions can be generated from the source
images rapidly (< 10 minutes) by either a Fellow or a postprocessing technologist. These images successfully display
the pathology, and the related surgically significant anatomy,
in fine detail. Reconstructing the temporal bone along selected oblique planes, in circumferential “rotational” 360°
views, is especially beneficial for laying out all of the related pathology. This technique has proved extremely useful for
demonstrating the specific derangements of congenital
anomalies, such as absent oval window, or anomalous bands
of soft tissue that tether the malleus to an aberrant internal
carotid artery. Three-dimensional CT also demonstrates the
extent of erosion of the ossicles by cholesteatoma, and the
full extent of fracture lines that course through the temporal
bone. Our case material documents that the 3D CT reformations contribute meaningfully to proper surgical planning,
and may display definitively pathology that appears equivocal on the serial axial/coronal images.

RESULTS
Fractures were classified using both the traditional Ulrich
classification system (transverse, longitudinal, oblique, complex) as well as the more recent Tennenbaum classification
(labyrinthine, extra-labyrinthine). The major complications
that were observed included facial nerve injury, conductive
hearing loss, sensorineural hearing loss, acute labyrinthine
dysfunction, otorrhagia, CSF leak, vascular injury.
CONCLUSION
Multiple imaging modalities often are required to identify,
classify, and evaluate temporal bone fractures and evaluate
the myriad of complications resulting from these fractures.
Multiplanar thin-section CT is of paramount importance for
identification of fractures and assessing many complications.
MR imaging, MRA, CTA, conventional angiography, and
iodinated contrast cisternography may be required in selected cases for assessing for potential vascular injuries and CSF
leaks.
KEY WORDS: Trauma, temporal bone, fractures

Electronic Scientific Exhibits

Electronic Scientific Exhibit 31
CONCLUSION
Three-dimensional CT images can be reconstructed rapidly,
sectioned in any plane, and rotated in space to demonstrate
temporal bone pathology most effectively. They provide
information complementary to conventional 2D imaging,
helping us better define underlying pathology. The additional information gained aids in surgical planning.
KEY WORDS: 3D CT, temporal bone, pathology
Electronic Scientific Exhibit 30
Comprehensive Diagnostic Evaluation of Temporal Bone
Trauma
Bergin, J.1 · Gentry, L. R.1 · Smoker, W. R. K.2 · Reede, D. L.3
· Pyle, G. M.1
1

University of Wisconsin, Madison, WI, 2University of Iowa,
Iowa City, IA, 3Long Island College Hospital, New York, NY

PURPOSE
This scientific exhibit reviews the current state of the arts for
diagnostic evaluation of temporal bone trauma. Using multiple imaging modalities, the mechanisms of injury, typical
patterns of fracture, and common complications of fractures
are reviewed. The clinical features of trauma patients that
indicate when each imaging modality should be used are discussed. Diagnostic pitfalls encountered in imaging of temporal bone trauma are presented. Clinical features and management issues of the most common traumatic complications
are discusssed.
MATERIALS & METHODS
The diagnostic images (CT, 3D CT, MR imaging, MRA,
CTA, conventional angiography) of 200 consecutive patients
with temporal bone fractures were reviewed retrospectively
and the diagnostic studies analyzed. The results of this study
are presented in an interactive hypertext-based multimedia
format (audio, video).

Pediatric Congenital Sensorineural Hearing Loss: A
Review with Emphasis on MR Imaging Findings
Oljeski, S. A. · Huang, B. · Marino, T. · Castillo, M.
University of North Carolina Hospitals
Chapel Hill, NC
PURPOSE
Children with congenital neural hearing loss suffer from a
large number of underlying conditions, many of which have
similar clinical presentations. Although CT is obtained routinely in these patients MR imaging provides important
information and correct interpretation of all imaging findings is critical because treatment may vary depending on the
final diagnosis.
MATERIALS & METHODS
We reviewed our teaching files for MR and CT studies of the
temporal bones in children with congenital and early onset
sensorineural deafness. For the last 3 years, all patients with
these types of hearing loss have received both MR imaging
and CT routinely at our institution. From this group of
patients we chose representative images to illustrate the variety of disorders found.
RESULTS
Imaging findings for multiple causes of pediatric congenital
sensorineural hearing loss including congenital cochlear and
modular dysplasias, vestibular dysplasias, aplasia and
hypoplasia of the cochlear nerve(s), and anomalies of the
vestibular aqueduct and endolymphatic sac will be review
with emphasis on their MR features. In addition, we will
review the utility of MR imaging in the evalution of fibrosing and ossifying labyrinthitis.

eses.qxp

3/9/2006

11:18 AM

Page 439

439
CONCLUSION
The causes of pediatric sensorineural hearing loss vary widely and MR studies add important information. Correct interpretation of imaging findings, particularly those seen on MR
studies, may prove critical to the diagnosis and treatment of
such patients.
KEY WORDS: Congenital deafness, MR imaging, temporal
bone
Electronic Scientific Exhibit 32
Temporal Bone Anatomy: An Interactive Learning
Module
Hutchins, T. A. · Cline, K. L. · Rosel, P.
Tulane University
New Orleans, LA
PURPOSE
To review the detailed anatomy of the temporal bone.
MATERIALS & METHODS
Coronal and axial CT images from normal subjects are used
to create an interactive learning module. Schematics are used
to reinforce anatomical relationships. Self pre and posttests
are provided to help the user gage their progress.

MATERIALS & METHODS
This computer program will allow the user to learn the
anatomy of the middle and inner ear utilizing both CT and
MR imaging in axial and coronal planes. A systematic
approach is taken, with image analysis including important
anatomical structures of this region. High-resolution CT
scan images were obtained of the temporal bone using a GE
light-speed 4-slice CT, 120 kv, 400 mAs at 0.63 mm contiguous intervals. Axial and coronal T2 as well as FIESTA
MR images were obtained in a GE 1.5 T, 11.0, Excite.
RESULTS
Both CT and MR studies are complementary when imaging
the temporal bone region for the evaluation of structural
abnormalities. Familiarity with the normal structures in this
area is therefore of utmost importance. In a short period of
time, this exhibit focuses on teaching and familiarizing the
user with this anatomical region.
CONCLUSION
This exhibit provides a comprehensive teaching module of
the structures most frequently described in the inner and
middle ear on both CT and MR imaging. It also will provide
the user with a simplified approach and a solid platform to
use in identification of structural abnormalities in this
region.
KEY WORDS: Temporal bone, anatomy, tutorial

CONCLUSION
The anatomy of the temporal bone is intricately detailed.
This interactive learning module teaches the anatomy and is
well suited for residents/fellows just starting, or as a review
for the practicing neuroradiologist.
KEY WORDS: Temporal bone, anatomy, CT
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Electronic Scientific Exhibit 34
Virtual Simulation of Particle Imaging Velocimetry in
Cerebral Aneurysms
Takao, H.1 · Murayama, Y.1 · Saguchi, T.1 · Ishibashi, T.1 ·
Ebara, M.1 · Irie, K.1 · Yuki, I.1 · Harada, T.2 · Sen, I.2 · Umezu,
M.2 · Abe, T.1
1

The Jikei University School of Medicine, Tokyo, JAPAN,
Waseda University, Tokyo, JAPAN
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Electronic Scientific Exhibit 33
Interactive Tutorial of Temporal Bone Anatomy
Cedeno, L. F. · Kathuria, S. · Westesson, P.
University of Rochester
Rochester, NY
PURPOSE
This exhibit will review normal anatomical structures of the
middle and inner ear utilizing both CT and MR imaging.
Understanding of the normal structures in this region is
essential for interpretation and diagnosis of other pathologic
conditions. This exhibit is geared towards resident learning
as an interactive teaching tool.

PURPOSE
Bio-fluid mechanics has been considered an important factor
which causes aneurysm recanalization after coil treatment.
The purpose of this study is to establish a novel computer
simulation demonstrating pulsatile particle imaging
velocimetry (PIV) images. Several different patterns of parent arteries and also images with virtual stent placement
were analyzed.
MATERIALS & METHODS
Virtual aneurysm of 60 mm in length, and 12.5 mm in diameter with a 6 mm diameter parent artery was used in this program. Four different geometries of parent artery were prepared: one straight, and three different bending patterns
[small curvature (sg1), intermediate curvature, and large curvature]. Different sizes of aneurysm necks as well as a virtual wall stent replacement (6 mm in diameter as the blood
vessel, and 0.3 mm thick) were performed. Three different
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RESULTS
The user will be able to navigate through the images in a
manner similar to using a workstation or PAX. By indicating
structures of interest, they will become labeled and in some
instances highlighted. When appropriate, a link to the relevant schematic will be provided for correlation.
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positionings of the stent, which has the length of one third of
neck diameter, also were demonstrated. They were placed on
proximal one third of the neck, central one third, and distal
one third, respectively. Carbon particles of 1 µm in diameter
and the mass of 1.0472 e-15 g, were injected in this pulsatile
blood flow model for 3 seconds. Pulsation pattern was simulated to produce a typical cardiogram of 60 bpm and an
average flow rate of 0.3 L/min. Measurements of streamlines, velocity vectors around the neck portion, shear stresses on the aneurysm wall, and stagnation pattterns of carbon
particles were evaluated.

Electronic Scientific Exhibits

RESULTS
Percentages of residual particles within the aneurysm lumen
after injections were 4.8566%, 3.4312%, and 1.4516% in
large curvature, intermediate curvature, and small curvature
model, respectively. This result indicated that larger curvature of parent artery leads to more influx and stronger particle stagnation in an aneurysm lumen. The wall stent placed
on the distal one third of the neck elicited most effective
influx blocking.

CONCLUSION
Virtual simulation of PIV provides unique information of
flow dynamics in the aneurysm by analyzing its flow pattern
and amount of virtual particles. Larger curvature of a parent
artery appeared to cause more influx into an aneurysm.
Moreover, this influx was blocked most efficiently by a virtual stent which was placed on the distal portion of the neck
of the aneurysm. Further investigation of this method with
the validation of in vitro PVI experiment may provide us
with a more advanced virtual evaluation system for cerebral
aneurysms.
KEY WORDS: Flow dynamics, cerebral aneurysm, computational flow analysis

Electronic Scientific Exhibit 35
A Novel Web-Based Calculator for Determining Cerebral
Aneurysm Volume and Calculating Percent Packing
Volume after Coil Embolization
Hanley, M. · Evans, A.
University of Virginia
Charlottesville, VA
PURPOSE
To design a web-based calculator program that accomplished
two goals. First, to calculate aneurysm volume based on a
user-defined geometric shape. Second, calculate the percent
packing volume postembolization based on the type and
quantity of coils used.
MATERIALS & METHODS
Seven silicone phantoms of cerebral aneurysms were chosen
representing slight variations in geometric shape and size. The
phantoms were created using a wax mold of angiographic
images by MicroVention Inc. (Aliso Viejo, CA). The volume
of each phantom was measured by weighing the amount of
water required to fill the aneurysm to the parent artery. The
phantoms were connected in series to a pulsatile flow pump
running at 60 bpm with a cardiac output of approximately 60
mL per minute and a stroke volume of 1 mL. The phantoms
were imaged with DSA and analyzed on a dedicated workstation. The reader chose one of three shapes that they felt best
represented the imaged aneurysm. The shapes included a
sphere, ellipsoid, and a cylinder. The website prompted the
user to input one to three measurements based on the chosen
shape and the volume was calculated. For comparison, the
volumes of each phantom were calculated using all of the
shapes and compared to the measured volume using a percent
of absolute variation. Model number two was chosen for coil
embolization. Afterwards, the user selected the type and number of embolization coils that were used and the website calculated the percent packing volume.
RESULTS
Measured
Model
Volume (mL)
1
0.039 ± 0.004
2
0.139 ± 0.003
3
0.266 ± 0.002
4
0.304 ± 0.009
5
0.287 ± 0.003
6
0.451 ± 0.002
7
0.525 ± 0.001
Average % Variance

% Variance from Measured Volume
Sphere
Ellipsoid
Cylinder Custom
52.9
42.4
13.6
42.4
5.14
8.89
36.7
5.14
69.3
38.6
7.84
7.84
27.3
20.7
19.0
20.7
15.3
12.9
30.7
15.3
41.5
8.71
36.9
8.71
9.23
19.4
79.1
9.23
31.5
21.6
32.0
15.6

Model number two was packed with a 7 mm/18 cm
Microplex 10 Complex Coil followed by a total 56 cm of
MicroPlex Hypersoft Coils (MicroVention Inc., Aliso Viejo,
CA) resulting in a packing volume of 27%.
CONCLUSION
Volume calculated based on a user-defined shape resulted in
the least variance of 15.6%. There was greater error if the
user chose one formula for all of the aneurysms. The website
successfully calculated the volume and percent packing volume. The website will be available to everyone at
www.angiocalc.com.
KEY WORDS: Aneurysm, calculator, volume
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Electronic Scientific Exhibit 37
Pediatric Leukoencephalopathies: A Neuroimaging
Review of Common Myelin Disorders
Burrowes, D. M.1 · Nyugen, P.2 · Curran, J.1 · Kim, F.1
1

Electronic Scientific Exhibit 36
Stroke: Etiology and CT/MR Imaging in Neonates,
Infants, Children, and Young Adults
Henriquez, B.1 · Ferretti, C.1 · Reede, D. L.1 · Smoker, W. R.
K.2 · Lefton, D.3
1
Long Island College Hospital, Brooklyn, NY, 2University of
Iowa, Iowa City, IA, 3Saint Luke’s - Roosevelt Hospital,
Manhattan, NY

PURPOSE
1) Review the pathophysiology of stroke in children and
young adults, 2) Examine the CT and MR/MRA imaging
features of stroke and 3) Learn various etiologies of stroke in
children and young adults.
MATERIALS & METHODS
We reviewed 60 cases from three major institutions over the
last 7 years that illustrate the imaging and clinical features of
stroke in these populations.

CONCLUSION
This exhibit underscores the importance of various clinical
presentations, signs and symptoms that differ from those
commonly encountered in the adult population, and which
should trigger a work-up of stroke in neonates, infants, children, and young adults.
KEY WORDS: Stroke, etiology, imaging

PURPOSE
Leukoencephalopathies are rare disorders more commonly
seen in children. Imaging findings tend to be nonspecific.
This is a review of the more common white matter disorders.
The goal is to help the reader to organize and characterize
this complicated and complex topic of myelin disorders.
MATERIALS & METHODS
Conventional magnetic resonance (MR) imaging is the
imaging modality of choice. The assistance of adjunct neuroimaging studies, such as MR spectroscopy (MRS) in conjunction with clinical data such as biochemical testing and
genetic analysis may be helpful to narrow one’s differential
and to possibly achieve a proper diagnosis.
RESULTS
Leukoencephalopathies include a wide range of disorders
affecting the myelin in the central nervous system. Myelin is
found predominantly in white matter; however, it also is
present in gray matter to a lesser degree, being relatively
high in gray matter nuclei such as the thalamus and globus
pallidi. Leukoencephalopathies are comprised of disorders
of demyelination (myelinoclastic disorders), hypomyelination, dysmyelination, and retarded myelination. These disorders are the result of interruption of myelin synthesis or
destruction resulting in abnormal build up, maintenance, or
turnover. Van der Knaap divides leukoencephalopathies into
two broad categories. The first is the heritable variety which
includes: lysosomal storage diseases, peroxismal diseases,
mitochondrial dysfunction, disorders of amino acid and
organic acid metabolism, and defects in gene encoding. The
second category is the acquired myelin disorders which
include; noninfectious and infectious inflammatory diseases,
toxic metabolic disorders, hypoxic-ischemic disorders, and
posttraumatic disorders.
CONCLUSION
Imaging findings tend to be nonspecific with regards to
leukoencephalopathies. There are a significant group of
patients with white matter changes that go unclassified. The
goal of this review is to help the reader to organize and characterize this complex and complicated topic in order to narrow one’s differential.
KEY WORDS: Brain, leukoencephalopathies, white matter
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RESULTS
Stroke occurs in neonates, infants, children, and young
adults as well as in adults and can manifest itself very differently. The etiology of stroke in this age group is different
from that in adults and is extremely diverse. There are 28
cases of stroke in infants (0-11 months) from hypoxiaischemia, gestational diabetes mellitus, seizures, protein C/S
deficiency, congenital heart disease, thrombocytosis, infection, in-utero drug exposure and vein of Galen malformation,
24 cases of stroke in children (1-14 years old) from sickle
cell disease (including moyamoya), fibromuscular dysplasia,
and vertebral artery dissection and eight cases of stroke in
young adults (15-23 years old) from sickle cell disease, central nervous system vasculitis, patent foramen ovale, internal
carotid artery dissection, and venous thrombosis.

Childrens Memorial Hospital, Chicago, IL, 2Northwestern
Memorial Hospital, Chicago, IL
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Electronic Scientific Exhibit 39

Pediatric Brain 1H MR Spectroscopy: An Updated
Primer to Clinical Interpretation

Pediatric Salivary Gland Lesions: From A to Z
McCrary, B. S.1·Morriss, M. C.2,3·Lowe, L. H.2,3

Fonda, C. · Antonello, M. · Mortilla, M. · Cappellini, M. ·
Ciccarone, A.

1

University of Kansas Medical Center, Kansas City, KS,
Children's Mercy Hospitals and Clinics, Kansas City, MO,
3
University of Missouri-Kansas City, Kansas City, MO
2

Anna Meyer Children’s University Hospital
Florence, ITALY
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PURPOSE
To give an update primer on clinical interpretation of proton spectroscopy, single and multivoxel in neurologic child’s diseases.
MATERIALS & METHODS
Studies (1086) with proton spectroscopy were evaluated from
November 2000 to November 2005 in pediatric patients (1 day
old to 16 years old) affected by neurologic diseases. Both single and multivoxel spectra are acquired with 1.5 T, 27 mT/m
scanner, with quadrature head coil. Multivoxel are acquired
with PRESS sequence, TR 1500 ms, TE 135 ms, FA 90°, thickness 1-1.5 cm, FOV 20 to 15 cm. Chemical shift imaging
matrix size 16/32, signal averages 1/2 with 1 slice per batch.
Single voxels are acquired with PRESS sequences, TR
1500/2000 ms, TE 270/135/40 ms, and STEAM TE 20 ms, FA
90°, Acqusition volume from 1 to 8 cc, signal averages 128 and
reference averages 8. All patients had a single voxel acquisition, 25% had two single voxel acquisitions, 36% had three or
more single voxel acquisitions. In 28% CSI was produced.
Sixty-two patients (5 days old to 16 years old) were studied as
normal age controls, performing MR imaging for nonneurologic (direct or indirect) diseases with informed consensus. The
various brain diseases were studied, developmental delay,
H.I.E, inborn error of metabolism, infectious diseases (acute
and chronic phase), demyelinating diseases, degenerative progressive encephalopathies, trauma, brain neoplasms, vascular
diseases. All patients were studied with conventional MR
imaging sequences and 36% after iv paramagnetic contrast
media administration. Patients up to 18 months of age were
sedated with chlorale hydrate, from 18 months to 6-7 years old
with anesthesiologist’s sedation with laryngeal mask.
RESULTS
Peaks from N-acetylaspartate (NAA), choline (Cho), glutamate/glutamine (Glu/Gln), lactate (Lac), myoinositol (mI)
lipids were normalized with respect to the creatine (Cr) peak
to obtain ratios of values of peak areas. Metabolites’ maps
from multivoxel acquisition were evaluated. Abnormal
metabolites (such as phenylalanine in PKU) were detected.
The single peak abnormal ratio is aspecific. Matching with
other peak’s abnormalities may give a proper clinical orientation useful for diagnostic and prognostic purpose.
Different pattern with metabolites ratio matching are proposed in order to give a path of possible suggested differential diagnosis. The relative long acquisition time for an
adeguate spectroscopic study in pediatric population needs
spectroscopic protocol adapted to focal versus diffuse alterations, newborn versus infant, critical versus stable patients,
pathologic areas versus normal appearing brain structure.
CONCLUSION
The 1H-MRS is a sensible tool in longitudinal follow-up in
all evolutive pathologic states and a review is proposed.
KEY WORDS: MR spectroscopy, chemical shift imaging, child

Children present with swelling of the salivary glands due to
many congenital and acquired abnormalities. Imaging characterization with sonography, CT and MR imaging allow for
formulation of a limited differential and at times a specific
diagnosis. We present various radiographic examples of congenital and acquired salivary gland lesions in a pediatric
population. This scientific exhibit will illustrate a range of
congenital, inflammatory, and neoplastic lesions such as ranula, brachial cleft cysts, sialoadenitis, hemangiomas, pleomorphic adenoma, and rhabdomyosarcoma. Pathologic correlation will be made when available. After reviewing this
scientific exhibit, the reader will be able to describe the key
imaging features of many pediatric salivary gland lesions
and provide a limited differential diagnosis.
KEY WORDS: Pediatric, salivary, masses
Electronic Scientific Exhibit 40
Imaging of Spinal Curvature in Children and Young
Adults
Chao, C. P.1 · Patton, A. C.2
1

Mayo Clinic, Jacksonville, FL, 2Mayo Clinic, Rochester,
MN
PURPOSE
To review the etiology and imaging findings of spinal curvature in children and young adults, utilizing conventional
radiography, computed tomography, nuclear medicine bone
scan, and magnetic resonance imaging and correlation with
pathologic causes.
MATERIALS & METHODS
Curvature of the spine in the sagittal and/or coronal planes is
common and includes torticollis, kyphosis, scoliosis, and
kyphoscoliosis. We reviewed patients with spinal curvature
and the imaging findings of a wide spectrum of pathologic
processes.
RESULTS
Scoliosis and kyphosis may be the result of segmentation
abnormalities, which include hemi vertebrae, butterfly vertebrae, sagittal/coronal clefts, and partial vertebral fusion.
Scoliosis also may be secondary to systemic disease processes, such as mesenchymal dysplasia and muscular disorders,
and include phakomatoses and muscular dystrophy. Painful
scoliosis may the clinical manifestation of infectious,
inflammatory, neoplastic, posttraumatic or idiopathic causes;
these include diskitis, osteomyelitis, osteoid osteoma,
Langerhans Cell Histiocytosis and Scheuermann disease. A
pictorial review of these patients was performed.
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CONCLUSION
Conventional radiography allows the detection of spinal curvature. Additional imaging modalities such as computed
tomography or magnetic resonance imaging play an important role in the optimal characterization and associated complications of the anatomical abnormalities resulting in the
“abnormal” spinal alignment in these patients.

CONCLUSION
Both CT and MR imaging play a crucial role in imaging of
sacral foraminal lesions. However, enhanced MR imaging is
a most useful imaging technique in evaluating sacral lesion.

KEY WORDS: Spinal curvature, imaging
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KEY WORDS: Sacrum, neural foramina

The Keck - University of Southern California Course in
Spinal Imaging, Part 3. Spinal Injury
Spine
41-42

Rothman, S. L. G.1,2
1

Electronic Scientific Exhibit 41
The Sacral Foramina: Pathologic Spectrum, Imaging
Approach, and Differential Diagnosis
Al Azri, F. · Nguyen, T. · Lum, C. · Goyal, M. · Wee, R. ·
Miller, W. · Kingstone, M.
University of Ottawa
Ottawa, ON, CANADA

MATERIALS & METHODS
Images of MR and CT scans from eight patients with sacral
foraminal lesions were reviewed retrospectively along with
the initial clinical presentation.
RESULTS
Nonspecific low back pain was the most common presenting
symptom (five of eight patients). Sacral foraminal lesions
were divided into either primary (focal) or secondary
lesions. Primary lesions included schwannoma, neurofibroma, and Tarlov cysts. Secondary lesions included metastatic
disease and endometriosis. On CT scan, remodeling of the
neural foramina was seen with benign primary lesions. Bony
destruction of the sacrum was seen with metastatic disease
from the pelvis or from hematogenous spread. Enhanced MR
imaging is needed to distinguish neurofibroma from Tarlov
cysts and to determine extension of disease in the pelvis.

PURPOSE
We live in a period of super specialization in radiology.
Radiology residents and fellows migrate from section to section learning MR imaging, CT, and invasive neuroradiology.
It is unusual for there to be an opportunity for the trainee to
be in the position of seeing the entire picture of spine disease. Furthermore, the radiologist tends to be isolated from
the clinicians who care for the patients. During the last 2
years a comprehensive 10-hour, interactive, course in diagnostic imaging of the spine has been created including plain
X-ray, videofluoroscopy, CT and MR imaging. The course is
designed to present the spine in its totality, as an entity with
three functions, supporting the head and body, allowing
mobility, and protecting the spinal cord. The purpose of this
computer exhibit is to demonstrate the third segment of the
interactive CD-based course in spine radiology dealing with
the anatomy, pathophysiology, and biomechanics of spinal
injury. It is designed to teach basic concepts.
MATERIALS & METHODS
A PowerPoint lecture will be read from CDs. Imbedded in
these presentations is a combination of text and voice used to
challenge the trainee’s powers of observation and deduction.
There are many quiz questions about the images pervading
the lectures.
RESULTS
A portion of the University of Southern California radiology
course will teach the radiographic anatomy and physiology
in a most unusual way.
CONCLUSION
The course in its entirety provides a novel approach for
learning spinal imaging.
KEY WORDS: Spinal trauma

Electronic Scientific Exhibits

PURPOSE
This scientific exhibit reviews the sacral anatomy and the
imaging features of various sacral foraminal lesions using a
multimodality approach.

Keck School of Medicine, University of Southern
California, Los Angeles, CA, 2Rancho Los Amigos Hospital,
Downey, CA
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ASNR
American Society of Neuroradiology
Dear Colleagues,
Welcome to the ASNR 44th Annual Meeting and NER Foundation Symposium 2006. Robert I. Grossman, M.D.,
President-Elect/Program Chair, has collected topical and significant educational and scientific sessions for this
year’s programming.
The (NER) Foundation Symposium 2006: Neuroimaging: State of the Art and Beyond... will focus on updating
learners on the latest concepts in neuroimaging and neurological conditions as well as informing them of
important trends and opportunities for the future.
The Annual Meeting features over 40 Focus Sessions developed in cooperation with the American Society of
Functional Neuroradiology (ASFNR), American Society of Head and Neck Radiology (ASHNR), American Society
of Pediatric Neuroradiology (ASPNR), American Society of Interventional and Therapeutic Neuroradiology
(ASITN) and the American Society of Spine Radiology (ASSR), covering a wide range of topics of interest for
both the sub-specialist in neuroradiology as well as the general neuroradiologist.
I wish to extend a special thanks to the following Co-Chairs for their efforts in organizing the programming for
the following specialty areas:
American Society of Functional Neuroradiology (ASFNR) ..........................................John L. Ulmer, M.D.
American Society of Head and Neck Radiology (ASHNR) ...........................................H. Ric Harnsberger, M.D.
American Society of Interventional and Therapeutic Neuroradiology (ASITN)......Gary M. Nesbit, M.D.
American Society of Pediatric Neuroradiology (ASPNR).............................................Gary L. Hedlund, D.O.
American Society of Spine Radiology (ASSR) ................................................................Brian C. Bowen, Ph.D., M.D.
The meeting also showcases specialty-specific and general Neuroradiology focus sessions, Advanced Imaging
Seminars providing an in-depth look at advanced imaging techniques (perfusion, diffusion, spectroscopy,
parallel and high field imaging), a Research Grant Writing Seminar, Expanded ELC Workshop and Lectures,
National Library of Medicine (NLM) workshops, the successful breakfast, lunch, How-To Sessions, the
enhanced ASNR Business Center and timely Maintenance of Certification (MOC) sessions with reviews on
Brain, Head and Neck and Spine and Self Assessment Module (SAM) sessions focusing on Pediatrics using
interactive Audience Response System (ARS) technology.
The annual meeting provides a unique opportunity to gain a better understanding of how the ASNR functions
to assist the practice of neuroradiology during a time of rapid change.
The meeting also provides excellent opportunities to renew old friendships and make new ones as well as
exchange ideas and share conversation with world-renowned researchers and clinicians. We look forward to
your participation at the Welcome Reception with Technical Exhibitors on Monday evening with the Scientific
Exhibition open for viewing during the evening. Also, the Wednesday evening pre-dinner California Dreamin’
reception will be outdoors at the San Diego Marriott Hotel & Marina. Be sure to spend some free
time during your stay by participating in our optional tour program offered throughout the
week’s programming.
On behalf of the entire Executive Committee, welcome to San Diego, California for
the NER Foundation Symposium 2006 and ASNR 44th Annual Meeting where
advanced technology, clinical imaging and interventional neuroradiological
excellence come together.
Sincerely,

Patricia A. Hudgins, M.D.
ASNR President

An educational grant in support of NER Foundation Symposium 2006:
Neuroimaging: State of the Art and Beyond...
Yearly Berlex Best Paper Award in General Neuroradiology
A yearly educational grant in support of the Maintenance of Certification (MOC) and
Self Assessment Modules (SAM) programming live and on the ASNR website

GOLD LEVEL

OF

NEURORADIOLOGY

2006 PROCEEDINGS
San Diego Convention Center | May 1 - 5, 2006 | San Diego, California

ASNR 44th Annual Meeting

SAN DIEGO, CALIFORNIA

An educational grant in support of NER
Foundation/Boston Scientific Fellowship in
Cerebrovascular Disease Research Award

AMERICAN SOCIETY

ASNR 2006: PROCEEDINGS

Berlex/NER Foundation Fellowship in Basic Sciences Research Award

PROGRAM CONTRIBUTORS

PLATINUM LEVEL

2006

06
0
2

es
d
lu
nc
i
s
ng ive
i
ed ct M
e
oc tera RO
r
P In -

CD

PROGRAM ADDENDUM
As of 4-9-06
The program changes listed below were received after the
ASNR 44th Annual Meeting Proceedings Book went to press.
For Invited Speaker and Presenter Disclosure Summary,
refer to printed document inserted in Proceedings Book.
Monday, May 1
Session 4d
P. 26 – Paper 42, Baseline MR Perfusion/Diffusion-Weighted Imaging Mismatch Correlated with Subsequent
Extent of Ischemic Infarct. The author block now reads as follows:
Suspsupin, E.P. ! Albright, K. ! Shaltoni, H. ! Sitton, C. ! Bonfante, E. ! Houchhauser, L. ! Grotta, J. !
Cacayorin, E.
University of Texas Medical School at Houston
Houston, TX
Session 4d

P. 29 – Paper 47, Detection of Intracranial Thrombus in Acute Ischemic Stroke by CT Angiography and
Susceptibility Changes on Precontrast Perfusion MR Imaging. The author block now reads a follows:
Sheikh, S. F.· Lev, M. H. · Gonzalez, R. G. · Schaefer, P. W.
Massachusetts General Hospital
Boston, MA.

Session: 4d
P. 25 – Paper 39, Old Microbleeds Are not a Risk Factor for Hemorrhagic Transformation after Thrombolytic
Therapy in Acute Ischemic Stroke. The presenter is now Clark Sitton.
Bonfante, E.·Shaltoni, H. M.·Albright, K. C.·Khaja, A. M.·Sitton, C. W.·Grotta, J. C.·Cacayorin, E. D.
Memorial Hermann Hospital
Houston, TX.
Tuesday, May 2
Session 34d
P. 214 – Paper 305, Pediatric Temporal Bone CT: Minimizing Dose While Maintaining Image Quality. Will be presented in
Session 34d at 4:43pm, Tuesday, May 2
1

2

1

Morimoto, A. K. ·Hedlund, G. L. ·Tripp, D. A.
2
University of Utah, Salt Lake City, UT, Primary Childrens Hospital, Salt Lake City, UT.

1

2006 Proceedings Book Addendum
Wednesday, May 3
Session 49d
P. 168 – Paper 240, MR Angiographic Demonstration of the Hyperplastic Anterior Choroidal Artery. The author
block now reads as follows:
Antonietti, L.C. L. ! Glastonbury, C. M. ! Wintermark, M.
University of California San Francisco
San Francisco, CA
Thursday, May 4
P. 214 – Paper 305, Pediatric Temporal Bone CT: Minimizing Dose While Maintaining Image Quality. Will be presented in
Session 34d at 4:43pm, Tuesday, May 2
1

2

1

Morimoto, A. K. ·Hedlund, G. L. ·Tripp, D. A.
2
University of Utah, Salt Lake City, UT, Primary Childrens Hospital, Salt Lake City, UT.

1

Session: 58d
P. 194 – Paper 275, Imaging Findings of Bisphosphonate Associated Osteonecrosis of the Jaws. The arthor block now
reads as follows:

Phal, P. M.·Myall, R. W. T.·Assael, L. A.·Weissman, J. L.
Oregon Health and Science University
Portland, OR.
Friday, May 5
Session 75b
P. 251 – Paper 353, Perfusion MR Imaging of Glioblastoma Multiforme: Correlation with Survival. Presenting
author is Letizia Antonietti. The author block now reads as follows:
Antonietti, L.C. L. ! Kornak, J. ! Kivette, V.! Chang, S. ! Cha, S.
University of California San Francisco
San Francisco, CA
The legend to the figure should read as follows: Figure 1. Patient A: survival = 25 months (alive). Patient B:
survival = 4 months.
Session 75c

P. Comparison of CT Angiography to Digital Subtraction Angiography in Evaluating Etiology of
Nontraumatic, Nonsubarachnoid Intracranial Hemorrhage. The author block reads as follows:
Ahmad, T.1 ·Aviv, R.1 · Noel De Tilly, L.2 · Fox, A. J.1 · Symons, S. P.1
Sunnybrook & Women's College Health Sciences Centre, University of Toronto
St. Michael’s Hospital, Department of Medical Imaging, University of Toronto
Toronto, ON, CANADA.

Session 75d

2006 Proceedings Book Addendum
P. 267 – Paper 382, A multifactor Analysis of Angiographic Recurrence of Cerebral Aneurysms Treated with
Platinum Coils, has been withdrawn.

Scientific Posters
Poster 45
P. 307 – Evaluation of Cerebral Malignant Neoplasms by Single-Voxel MR Spectroscopy: Our Experience, has
been withdrawn.
Scientific Exhibits
Electronic Scientific Exhibits (eSEs)
eSE 29
P. 437 - Role of 3D CT in Evaluation of Temporal Bone Pathology. The author block now reads as follow:

Doshi, A.H. · Fatterpekar, G. M. · Lebioda, C. · Dugar, M. · Delman, B. · Naidich, T. ·
Som, P.
Mt. Sinai Medical Center
New York, NY.

Programming developed in cooperation with the...
American Society of Functional Neuroradiology (ASFNR)
Jeffrey R. Petrella, MD, Functional Representative
■

■

■

■

American Society of Head and Neck Radiology (ASHNR)
September 27 – October 1, 2006 | 40th Annual Meeting
Sheraton Wild Horse Pass Resort & Spa | Phoenix, Arizona

American Society of Head and Neck Radiology (ASHNR)
Timothy L. Larson, MD, Head and Neck Representative
■

Future Radiological Society Meetings

■

■

■

NER Foundation Symposium 2007
&

ASNR 45th Annual Meeting

American Society of Interventional and Therapeutic Neuroradiology (ASITN)

■

July 24 – 29, 2006 | 3rd Annual ASITN Course and Workshops

American Society of Interventional and Therapeutic Neuroradiology (ASITN)
Mary E. Jensen, MD, Interventional Representative
■

■

■

■

American Society of Pediatric Neuroradiology (ASPNR)
Nancy K. Rollins, MD, Pediatric Representative
■

■

Westin Rio Mar Beach Golf Resort & Spa | Rio Grande, Puerto Rico

■

■

American Society of Spine Radiology (ASSR)
February 22 – 25, 2007 | 2007 Annual Symposium
Marco Island Marriott Resort, Golf Club & Spa | Marco Island, Florida

American Society of Spine Radiology (ASSR)
Alyssa T. Watanabe Look, MD, Spine Representative

To request programming and registration materials
for the ASNR 45th Annual Meeting contact:

■

Phone: 630-574-0220
Fax: 630-574-1740
Email: meetings@asnr.org
Website: www.asnr.org

■

■

Eastern Neuroradiological Society (ENRS)
August 24 – 26, 2006 | Eighteenth Annual Meeting
Hyatt Regency Chesapeake Bay Golf Resort, Spa and Marina | Cambridge, Maryland
■

ASNR 45th Annual Meeting
c/o American Society of Neuroradiology
2210 Midwest Road, Suite 207
Oak Brook, Illinois 60523-8205

■

■

■

Western Neuroradiological Society (WNRS)
September 12 – 16, 2006 | 38th Annual Meeting
The Fairmont Orchid, Hawaii | Kohala Coast, Hawaii

June 9 - 15, 2007 ■ Hyatt Regency Chicago
Chicago, Illinois

ASNR 45th Annual Meeting ■ June 9 – 15, 2007
The Executive Committee of the ASNR invites you to the 45th Annual Meeting,
June 9 – 15, 2007, an event that features an exceptional location, timing and program content.
The meeting returns to vibrant downtown Chicago at the Hyatt Regency Chicago, the city’s
premier downtown hotel located just steps from Chicago’s Magnificent Mile, offering
immediate access to shopping, entertainment, parks, museums, and other cultural attractions.

NER Foundation Symposium 2007: The Aging Brain
The NER Foundation Symposium will focus on the “successful” and “unsuccessful” aging of the
brain. Why is it that some people have very limited white matter disease, atrophy, and atherosclerotic
plaque whereas others develop extensive leukoaraiosis and vascular narrowings? Why do some
people have no apparent ill effects from white matter small vessel ischemia and volume loss whereas
others develop cognitive impairment, or worse yet, dementia. The symposium will include reports
from the NIH sponsored multicenter longitudinal studies of imaging findings in the aging
population. Tips on how to interpret volumetric studies, white matter lesions, functional imaging
studies, and atherosclerotic plaque examinations will be provided by experts in the field. Finally, a
seminar on how to reverse the deleterious effects of the aging process will be evaluated from the
standpoint of imaging evidence that supports these interventions.
After this symposium, attendees will be able to 1) detect imaging findings on traditional and
new technology studies that will allow earlier diagnosis of Alzheimer's disease, 2) identify
implications of white matter high intensity foci, 3) explain a new perspective on high risk
atherosclerotic plaque in the neck and the implications for stroke development beyond
simple NASCET classification, 4) discuss new interventions used to stave off
neurodegenerative disease, and 5) report on efforts to correlate genetic predispositions to
disease and imaging findings.
Join the ASNR in June 2007 when Chicago is in full bloom, shopping is a pleasant, warm
experience, and the arts, culture, and music of this amazing city can be enjoyed in short sleeves.
While the NER Foundation program will stimulate your intellectual side (thereby staving off
the effects of aging on the brain) you will be thrilled physically and creatively by all that Chicago
has to offer.
Plan to attend the NER Foundation Symposium 2007 in downtown Chicago. The Program
Committee promises to present cutting-edge material that is both practical and applicable for
many radiology practices.

NER Foundation Symposium 2007: The Aging Brain
Saturday, June 9 – Sunday, June 10
■

■

ASNR 45th Annual Meeting Schedule

■

Preliminary session topics to include...

Monday, June 11
Scientific and Educational Programming:
Functional, Head and Neck, and General
Neuroradiology
■ Maintenance of Certification (MOC)
Review and Self Assessment Modules
(SAM) Sessions
■ Scientific Exhibits and Scientific Posters
■ Electronic Learning Center (ELC)
■ How-To Sessions
■

■

Dementing Disorders

■

Atherosclerosis and Aging

■

Brain Volumetric Imaging

Tuesday, June 12
Scientific and Educational Programming:
Functional, Head and Neck, and General
Neuroradiology
■ Maintenance of Certification (MOC)
Review and Self Assessment Modules
(SAM) Sessions
■ Scientific Exhibits and Scientific Posters
■ Electronic Learning Center (ELC)
■ Technical Exhibits
■ How-To Sessions
■

■

White Matter in Aging

■

Neurogenetics and Neurodegenerative
Disorders

■

Reversal of the Aging Process

Wednesday, June 13
Scientific and Educational Programming:
Head and Neck, Interventional, Pediatric,
Spine, and General Neuroradiology
■ Maintenance of Certification (MOC)
Review and Self Assessment Modules
(SAM) Sessions
■ Scientific Exhibits and Scientific Posters
■ Electronic Learning Center (ELC)
■ Technical Exhibits
■ How-To Sessions
■

Thursday, June 14
Scientific and Educational Programming:
Interventional, Pediatric, Spine, and
General Neuroradiology
■ Maintenance of Certification (MOC)
Review and Self Assessment Modules
(SAM) Sessions
■ Scientific Exhibits and Scientific Posters
■ Electronic Learning Center (ELC)
■ Technical Exhibits
■ How-To Sessions
■

Friday, June 15
Scientific and Educational Programming:
Interventional, Pediatric, Spine, and
General Neuroradiology
■ Maintenance of Certification (MOC)
Review and Self Assessment Modules
(SAM) Sessions
■ Scientific Exhibits and Scientific Posters
■ How-To Sessions
■

