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NEW YORK, NY

Dear ASNR Members, Visitors, and Neuroscience Colleagues:

I am happy to invite you to the American Society of Neuroradiology 50th Anniversary Meeting. For this special
event the Society is returning to its birthplace in New York City. The Meeting will be held April 21-26 at the
Hilton New York, in the heart of Manhattan. President-Elect and Program Chair, Pamela Schaefer, MD, and the
Program Committee have planned an exciting symposium and scientific program, along with special celebrations
recognizing our milestone 50th Annual Meeting.

The Foundation of the ASNR Symposium 2012 “Acute Ischemic Stroke Imaging,” is at the heart of neuroradiology
and will feature speakers with expertise across the range of adult and pediatric brain ischemia. We will continue
to offer a Saturday morning session in collaboration with the International Society of Magnetic Resonance in
Medicine (ISMRM). This mini symposium on “Advanced MR Imaging of Acute Ischemic Stroke” will feature
new techniques and emerging new technologies that increasingly are applied to stroke.

The 50" Annual Meeting will provide informative updates on general neuroradiology and showcase subspecialty
programming from the ASFNR, ASHNR, ASPNR, ASSR, and SNIS. As always, the heart of the meeting will be
the invited lectures, original presentations, scientific posters, and educational exhibits. After a record number
of abstract submissions, I can promise you more new and exciting material than ever before.

There will be approximately 50 hours of continuing medical education credit available including size (6) Self-
Assessment Module (SAM) sessions, Maintenance of Certification (MOC) interactive audience response
technology case reviews, and new Expert: “How I Do It” sessions with practical clinical approaches to common
imaging challenges. We will again feature valuable non-CME “How To Sessions” sponsored by our commercial
partners, updating you on the capabilities and use of their hardware and software. Our Synaptic Junction this year
will feature talks on practical issues in neuroradiology, including MR Safety for Patients with Implants, DTI for
Dummies, Dose Extraction (for monitoring patient exposure), and a lively session on Communicating Results
Directly to Patients. In response to rapid changes in the economic and health care environments, we will continue
to feature programming on socioeconomic issues facing neuroradiology and practice quality improvement. We
will expand our programming specific to fellows, residents, medical students and neuroradiologists in their
first three years in practice.

In celebration of our 50th Anniversary we have planned some outstanding special events including reviews
of the history of the field and the Society, where we are headed in the future, recognition of our founders and
early members, a Keynote Address from one of our notable leaders in Neuroradiology, and an unforgettable

50th Anniversary Reception at The Museum of Modern Art (MoMA).

Among its most valuable functions, the Annual Meeting will be the ideal opportunity to stay connected with
friends and colleagues and get the latest in brain, spine, and head and neck imaging. As befits a golden anniversary,
this will be a truly unique event. I look forward to seeing you there!

Gy ffortery

David B. Hackney, MD, FACR
ASNR President

David B. Hackney, MD, FACR
ASNR President



THE CITY OF NEW YORK
OFFICE OF THE MAYOR
NEW YORK, NY 10007

April 21, 2012

Dear Friends:

It is a great pleasure to welcome everyone to the American Society of Neuroradiology’s
50™ Annual Meeting and The Foundation of the ASNR Symposium 2012.

New York City is focused on helping all our residents enjoy the benefits of lifelong good
health. Thanks to innovative public policies and our world-class medical institutions, we have
made amazing gains over the past decade, and our residents are living longer than ever before as
a result. That is why we are proud to applaud the ASNR’s thousands of neuroradiology
professionals for their outstanding commitment to their patients. And as ASNR celebrates its 50™
Anniversary right here in New York where it was founded, we look forward to the latest research
initiatives and advances in care making a lasting difference for people across the five boroughs
and beyond.

On behalf of all New Yorkers, I offer my best wishes for a productive meeting and

symposium, a wonderful stay in our great City, and continued success in your vital mission.

Sincerely,

Michael R. Bloomberg
Mayor
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mobile device - completely free.

Download Guidebook on the Apple App
Store or Android Marketplace or visit
guidebook.com/getit

Search for the 'ASNR' guide under the "download guides" section of the application.
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General Information (as of 3/21/12)

Meeting Location

Hilton New York

1335 Avenue of the Americas
New York, NY 10019

(212) 315-1374

Meeting Registration

Registration is located on the 2™ Floor Promenade of the Hilton New York.
The registration desk will be open during the following hours:

Friday, April 20 .c.ccovveveininiciinrccccereccee 3:00 pm - 8:00 pm
Saturday, April 21...ccvcveernieeeinireciccereeeeee 6:30 am - 6:00 pm
Sunday, April 22.....ccoeveiniriiiicce e 6:30 am - 6:00 pm
Monday, April 23 ....ccccciiiiiiiiie 6:30 am - 6:00 pm
Tuesday, April 24.....c.oovvueevneciiccineecerecceee 6:30 am - 6:00 pm
Wednesday, April 25.......cccoociiiiiiiiiiiiiiiiiiene 6:30 am - 6:00 pm
Thursday, April 26 ....ccoeveevvieciiinecirncceneeeene 6:30 am - 6:00 pm

Speaker Ready Room Location & Hours
Hilton New York - Bryant (2nd Floor)

Friday, April 20 ....ooovvvvvooeeceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 3:00 pm - 8:00 pm
Saturday, April 21 through Thursday, April 26........ 6:00 am - 6:00 pm

Name Badges

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 Members, ASNR Members-In-Training & ASNR  Subspecialty
Societies (ASFNR, ASHNR, ASPNR, ASSR & SNIS) ...cccovvvreennes Blue
NON-MEMDET ...ttt Green
Other Professional..........ccciiiiiinieiieeeeeeesee e Yellow
GUESE 1ttt ettt ettt ettt ettt ettt b et e sttt en et et e b et eneebe e enenan Peach
EXRIDILOT ¢ttt Gold
STE e Purple

Committee/Specialty/Regional
Society Meetings

Please refer to the Daily Postings on the Meetings & Announcements Board
located on the 2™ Floor Promenade at the Hilton New York.

Meetings & Announcements Board

The Meetings & Announcements Board is located on the 2" Floor Promenade
at the Hilton New York. Please refer to the Daily Postings on the Meetings &

Announcements Board for information on committee meetings.

CME Pavilion/Message Center/
Alternate SAM Response Area

Located in Gibson (2™ Floor) the CME Pavilion computer terminals will be
available to registered attendees that can be used to evaluate attended sessions,
print CME certificates and to check E-mail.

Hilton New York - Gibson
Saturday, April 21....c.ccevivieiiniiicicciccees 7:00 am - 9:00 pm
Sunday, April 22 through Thursday, April 26............. 6:30 am - 9:00 pm

Coat Check

2" Floor Promenade at the Hilton New York

Hours of Operation:

Saturday, April 21....ccoiviiiiiiiiie 6:30am - 6:00pm
Sunday, April 22....ccoiiiii e 6:00am - 6:00pm
Monday, April 23 and Tuesday, April 24..........ccooeeeee 6:00am - 7:00pm
Wednesday, April 25.......oovoooeeeresseeeeeeeseeeeee s 6:00am - 8:00pm
Thursday, April 26 ... 6:00am - 7:00pm

Concierge Desk
Lobby Level of the Hilton New York
Friday, April 20 through Friday, April 27.................... 7:00am - 11:59pm

Local Hospital

Roosevelt Hospital - St. Luke’s ® (212) 523-4000
1000 Tenth Avenue
New York, NY 10019

Emergency Service Procedure

The Hilton New York is fully prepared to handle different types of situations
to assist our guests. The following is information on The Hilton New York’s
emergency procedures:
Do not call 9-1-1 from your cellular phone. Calling 9-1-1 delays the
response to the emergency by the first responders.
* Locate the nearest Hilton New Yotk HOTEL PHONE and dial our Security
Control at extension 5747 or “66” for a life emergency.

e If you are calling from a cellular phone, the number is 212-261-5747 or
the hotel general number at 212-586-7000.

* Notify the Security Control of the location of the person requiring medical
attention, along with a description of the person and their injury. The
Security Control will contact your contracted medical service provider.

* Return to the individual.

* The hotel has an emergency response team 24 hours a day. In the event
of an emergency, calling the emergency number 66 will initiate the
appropriate response.

* Paramedics, Fire Department, and the Police Department are all located
within minutes from the hotel.

e The Hilton New York’s Security Department, as well as a small number of
other employees, are trained in CPR and First Aid.

* Emergency evacuation routes and procedures are located on the inside of
all guest room doors.

Remote Access Features
Continues in 2012!
A link will be provided so that you can

evaluate for CME credits from your personal
devices (phone/laptop/PDA) at any time.

In addition you will be able to participate in
SAM sessions remotely through Sunday, May 6.




General Information (continued) (as of 3/21/12)

Food Service
Monday through Thursday: ASNR will provide Continental Breakfast,

Morning & Afternoon Beverage Breaks. Lunch on own.

Please refer to the schedule below.

Continental Breakfast
Monday, April 23 through Thursday, April 26.......... 34 Eloor Promenade

Continuous Coffee Service
Tuesday, April 24 through Thursday, April 26................. Americas Hall I

Morning Beverage Breaks
Saturday, April 21 through Monday, April 23........... 3 Floor Promenade
Tuesday, April 24 through Thursday, April 26................. Americas Hall I

Afternoon Beverage Breaks
Saturday, April 21 through Monday, April 23........... 3 Floor Promenade
Tuesday, April 24 through Thursday, April 26................. Americas Hall I

ASNR Publications Booth
3rd Floor Promenade

All attendees are invited to stop by the booth any time to tour the A/NR
and Neurographics Web sites and A/NR Blog and app.

Meet AJNR’s Editor-in-Chief

Dr. Mauricio Castillo, A/NR’s Editor-in-Chief, will be present at the Journal’s
booth Monday - Thursday from 11:00 am until noon to answer questions
regarding the Journals online features, listen to suggestions, talk about
projects with prospective authors, and advise fellows regarding their future

contributions to A/NR.

Neurographics

Neurographics is ASNR’s quarterly online educational journal, featuring peer-
reviewed scientific exhibits and select case reports. Neurographics is available
free online www.neurographics.org. Neurographics Editor Dr. Barton
Branstetter IV will be available in the ASNR Publications booth Monday
through Thursday from 11:00 am to noon to answer questions.

Booth Schedule
Hilton New York - 3rd Floor Promenade

Saturday, April 21 through Sunday, April 22 .............. 7:30 am - 5:00 pm
Monday, April 23 through Thursday, April 26............ 8:30 am - 5:00 pm

Vi)

How-To Sessions
Grand Ballroom Suite (3rd Floor)

Focus/Scientific Paper Sessions

Grand Ballroom Suite, Trianon Ballroom, Beekman/Sutton North,
Sutton Center/South, Murray Hill

Synaptic Junction Lectures
Murray Hill, Beekman/Sutton North

Education Exhibits & Electronic
Education Exhibits

Rhinelander (2nd Floor)

Scientific Posters, Electronic
Scientific Posters and Electronic
Excerpta Extraordinaire

Americas Hall IT

Technical Exhibits

Americas Hall I

American Board of Radiology (ABR)
Information Desk

2" Floor Promenade

Young Professionals Lounge (Fellows,
Residents, Medical Students and
Neuroradiologists in their first three
years in practice)

Regent (2nd Floor)

Headquarters Office
Nassau West (2nd Floor)

VIP/The Foundation of the ASNR Lounge

Hudson (4th Floor)



Important Information for Young Professionals

Young Professionals Lounge - Regent (2" Floor)
(Fellows, Residents, Medical Students and Neuroradiologists in their first three

years in practice)

Visit the Fellows, Residents & Medical Students Lounge in the Regent (2" Floor) open from 6:30am — 6:00pm daily from Saturday, April 21 -
Thursday, April 26. This will provide a “home base” for Young Professionals to network and share knowledge and experiences throughout the meeting.

Young Professionals Luncheon
Tuesday, April 24 ¢ 12:00pm - 1:00pm
Gramercy West (2" Floor)
Fellows, Residents, Medical Students and Neuroradiologists in their first three years in practice — join ASNR Leaders for Lunch, at 12:00pm on
Tuesday, April 24, 2012 in the Gramercy West (2™ Floor).

Young Professionals Sessions

Fellows, Residents, Medical Students and Neuroradiologists in their first three years in practice, the ASNR has designed specific program

topics for learning during the ASNR Annual Meeting. You won’t want to miss the following session presentations:

Tuesday, April 24

Entering And Thriving In Private Practice Academic Session
8:30am - 10:00am * Murray Hill 1:00pm - 2:30pm * Murray Hill
Getting Your First Job

Welcome to the Real World
John E. Jordan, MD
Understanding the Food Chain
Robert M. Barr, MD

Carolyn C. Meltzer, MD, FACR
Building a Research Program
Soonmee Cha, MD

The Different Component of Academic Radiology
Suresh K. Mukberji, MD, FACR

The Corporate Environment
Stephen 1. Sweriduk, MD
The HMO Environment
D. Christian Sonne, MD

Getting Promoted: The Different

Promotion Tracks

David M. Yousem, MD, MBA
Making the Transition

David ]. Seidenwurm, MD, FACR

Discussion

Questions and Answers

Vil




Social Programs

““ ASNR Welcome Reception”
Monday, April 23
7:00 pm - 10:00 pm
Off-site Location:
The Museum of Modern Art (MoMA)

Join us at The Museum of Modern Art to celebrate ASNR’s 50th Anniversary.
MoMA is often identified as the most influential museum of modern art in the
world. Art enthusiasts and novices alike are often awestruck by the masterpieces
before them, including Monet’s Water Lilies, Picasso’s Les Demoiselles d’
Avignon and van Gogh’s Starry Night. The museum’s collection offers an
unparalleled overview of modern and contemporary art, including works of
architecture and design, drawings, painting, sculpture, photography, prints,
illustrated books and artist’s books, film and electronic media. In addition to
the artwork, one of the main draws of MoMA is the building itself. The main
entrance is a 110 foot atrium and inside a maze of glass walkways permits art
viewing from many angles. Also of interest is the Abby Aldrich Rockefeller
Sculpture Garden. A glass wall lets visitors look directly into the surrounding
galleries from the garden, where there’s also a reflecting pool and trees. You don't
want to miss this special experience. We look forward to welcoming you to The
Museum of Modern Art.

* Includes access to the 5th floor gallery, sculpture garden (weather permitting),
dinner buffet and three (3) hour open bar.

* FREE for those who register for the meeting.
* Guest Ticket is $75.00.

“Closing Reception with

Technical Exhibitors”
Wednesday, April 25
6:30 pm - 7:30 pm
Hilton New York Hotel in Americas Hall I

We look forward to closing the social events with a pre-dinner reception of
New YorK’s culinary favorites. The reception, located in Americas Hall I offers
attendees the perfect opportunity to see this year’s Technical Exhibition, the
ASNR’s annual showcase for the newest products and services for the field of
Neuroradiology. Enjoy complimentary pre-dinner hors d’oeuvres and beverages
while you network with exhibitor representatives and fellow colleagues. The
ASNR Technical Exhibition is the place where advanced technology, diagnostic
and interventional Neuroradiological excellence come together.

* Includes pre dinner buffet and one (1) hour open bar.
* FREE for those who register for the meeting.
* Guest Ticket is $40.00.

Vil )

2012 Education Exhibits Tour

Rhinelander (2" Floor)
Monday, April 23 ......ccoeoiiiiiiiiiiie 12:00pm - 1:00pm

Wednesday, April 25......ccoeviveinieinienenn 12:00pm - 1:00pm

NEW in 2012! You will receive CME credits for participating
in the Education Exhibits Tour! :

Review Education Exhibits, visual presentation/educational displays designed
to further the understanding of Neuroradiology by featuring cutting-edge
material or by offering an instructional review of a particular topic. The session
will allow for review of visually-oriented educational displays that demonstrate
novel and innovative applications for computers in Neuroradiology clinical
practice, training and research. Share this educational opportunity with your
colleagues and primary Exhibit presenters and exchange in a lively Questions
& Answers Session.

Another unique feature not to be missed at the ASNR...See you on
the tour!

“Case of the Day”
Monday, April 23 through
Wednesday, April 25

Rhinelander (2" Floor)
New Program Feature at the ASNR 50th Annual Meeﬁ'ng.’ '

A new addition to the ASNR program for the ASNR 50th Annual Meeting
is the Case of the Day (COD) program. Led by Drs. Mark Mullins and Char
Branstetter, COD is scheduled from Monday, April 23, through Wednesday,
April 25.

Cases will be presented in Rhinelander at the Hilton New York and will be
available in printed poster format as well as on a video loop at a nearby monitor.
There will be 6 categories: brain, functional, head & neck, pediatric, spine and
vascular/interventional, each with 1 case per day. Answers will be presented on
the day following their respective questions.

An online system will be available for submission of preferred diagnoses. Be
sure to participate in this new interactive programming feature with a limited
number of prizes awarded to those participants with highest daily correct

responses.

No CME credit is available for this activity.



Past Annual Meetings

Organizational Meeting
May 19, 1962 - New York
Keene’s English Chophouse

Second Business Meeting
October 5, 1962 - Washington, DC
Shoreham Hotel

First Annual Meeting
October 7, 1963 - Montreal
Queen Elizabeth Hotel

Second Annual Meeting
September 23, 1964 - New York
Waldorf Astoria

Third Annual Meeting
June 11, 1965 - Adantic City
Dennis Hotel

Fourth Annual Meeting
June 15-16, 1966 - Washington, DC
Sheraton-Park Hotel

Fifth Annual Meeting
May 15, 1967 - New York
Columbia University

Sixth Annual Meeting
September 27-28, 1968 - New Orleans
Jung Hotel

Seventh Annual Meeting
May 13-19, 1969 - Cleveland

Joint Meeting with American
Association of Neurological Surgeons

Sheraton-Cleveland Hotel

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

Ninth Annual Meeting
May 27-29, 1971 - San Francisco
Fairmont Hotel

Tenth Annual Meeting
February 21-24, 1972 - Mexico City
Maria-Isabel Sheraton

Eleventh Annual Meeting
May 26-28, 1973 - Boston
Statler Hilton

Twelfth Annual Meeting
March 14, 1974 - Punta del Este, Uruguay

(In conjunction with X Symposium
Neuroradiologicum)
Punta del Este, Uruguay

Thirteenth Annual Meeting
June 3-7, 1975 - Vancouver
Bayshore Inn

Fourteenth Annual Meeting
May 18-22, 1976 - Atlanta
Peachtiree Plaza

Fifteenth Annual Meeting
March 27-31, 1977 - Bermuda
Hamilton Princess Hotel

Sixteenth Annual Meeting
February 26-March 2, 1978 - New Orleans
Hyatt Regency

Seventeenth Annual Meeting
May 20-24, 1979 - Toronto
Hotel Toronto

Eighteenth Annual Meeting
March 16-21, 1980 - Los Angeles
Century Plaza

Nineteenth Annual Meeting
May 5-9, 1981 - Chicago
Marriott Hotel

Twentieth Annual Meeting
October 10-16, 1982 - Washington, DC

(In conjunction with XII Symposium
Neuroradiologicum)

Washington Hilton

Twenty-First Annual Meeting
June 5-9, 1983 - San Francisco
St. Francis Hotel

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

Twenty-Third Annual Meeting
February 18-23, 1985 - New Orleans
Marriott Hotel

Twenty-Fourth Annual Meeting
January 19-23, 1986 - San Diego
Sheraton Harbor Island
Hotel

Twenty-Fifth Annual Meeting
(Silver Anniversary)

May 10-15, 1987 - New York
Hilton New York

Twenty Sixth Annual Meeting
May 15-20, 1988 - Chicago
Chicago Hilton & Towers

Twenty-Seventh Annual Meeting
March 19-24, 1989 - Orlando
The Peabody Orlando

Twenty-Eighth Annual Meeting
March 19-23, 1990 - Los Angeles
Century Plaza Hotel & Tower

Twenty-Ninth Annual Meeting
June 9-14, 1991 - Washington, DC
The Washington Hilton and
Towers

Thirtieth Annual Meeting

May 31-June 5, 1992 - St. Louis
Adam’s Mark

Thirty-First Annual Meeting
May 17-20, 1993 - Vancouver
Vancouver Trade and
Convention Center
Thirty-Second Annual Meeting
May 3-7, 1994 - Nashville
Opryland Hotel and
Conference Center

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

Thirty-Fourth Annual Meeting
June 23-27, 1996 - Seattle

Washington State
Convention

and Trade Center

Thirty-Fifth Annual Meeting
May 18-22, 1997 - Toronto
Metro Toronto Convention
Center

Thirty-Sixth Annual Meeting
May 17-21, 1998 - Philadelphia

(In conjunction with XVI Symposium
Neuroradiologicum)

Pennsylvania Convention
Center

Thirty-Seventh Annual Meeting
May 23-28, 1999 - San Diego

San Diego Convention
Center

Thirty-Eighth Annual Meeting
April 4-8, 2000 - Atlanta

Hyatt Regency Atlanta

Thirty-Ninth Annual Meeting
April 23-27, 2001 - Boston
Hynes Convention Center

Fortieth Annual Meeting

May 13-17, 2002 - Vancouver
Vancouver Convention

& Exhibition Center
Forty-First Annual Meeting
April 28 - May 2, 2003 - Washington, DC
Marriott Wardman Park
Hotel

Forty-Second Annual Meeting
June 7-11, 2004 - Seattle
Washington State
Convention and Trade Center
Forty-Third Annual Meeting
May 21-27, 2005 - Toronto
Metro Toronto Convention
Center

Forty-Fourth Annual Meeting
April 29-May 5, 2006 - San Diego
San Diego Convention
Center

Forty-Fifth Annual Meeting
June 9-14, 2007 - Chicago

Hyatt Regency Chicago

Forty-Sixth Annual Meeting
May 30-June 5, 2008 - New Orleans
Ernest N. Morial Convention
Center

Forty-Seventh Annual Meeting
May 16-21, 2009 - Vancouver
Vancouver Convention and
Exhibition Centre
Forty-Eigth Annual Meeting
May 15-20, 2010 - Boston

Hynes Convention Center

Forty-Ninth Annual Meeting
June 4-9, 2011 - Seattle

Washington State
Convention Center




ASNR Past Presidents and Founders

1962-64

Juan M. Taveras, MD*
1964-65

Mannie M. Schechter, MD*
1965-66

Donald L. McRae, MD*
1966-67

Ernest H. Wood, MD*
1967-68

Harold O. Peterson, MD*
1968-69

Colin B. Holman, MD*
1969-70

Giovanni Di Chiro, MD*
1970-71

D. Gordon Potts, MD
1971-72

Norman E. Chase, MD
1972-73

Fred J. Hodges, 111, MD*
1973-74

T. Hans Newton, MD*
1974-75

Hillier L. Baker, Jr., MD*

1975-76
Irvin I. Kricheff, MD

1976-77
Norman E. Leeds, MD

1977-78

Sadek K. Hilal, MD*
1978-79

Stephen A. Kieffer, MD
1979-80

David O. Davis, MD
1980-81

George Wortzman, MD
1981-82

Gabriel H. Wilson, MD*
1982-83

Arthur E. Rosenbaum, MD
1983-84

O. Wayne Houser, MD
1984-85

Samuel M. Wolpert, MD
1985-86

R. Thomas Bergeron, MD

1986-87
Derek C. Harwood-Nash, 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*

1987-88 1999-00

Michael S. Huckman, MD Eric J. Russell, MD, FACR
1988-89 2000-01

Anne G. Osborn, MD William S. Ball, Jr., MD
1989-90 2001-02

Joseph E Sackett, MD William P. Dillon, MD
1990-91 2002-03

Anton N. Hasso, MD, FACR Patrick A. Turski, MD
1991-92 2003-04

R. Nick Bryan, MD, PhD, FACR Charles M. Strother, MD
1992-93 2004-05

David Norman, MD Victor M. Haughton, MD
1993-94 2005-06

Glenn S. Forbes, MD Patricia A. Hudgins, MD
1994-95 2006-07

Robert M. Quencer, MD Robert I. Grossman, MD
1995-96 2007-08

Robert R. Lukin, MD David M. Yousem, MD, MBA
1996-97 2008-09

Burton P. Drayer, MD Robert D. Zimmerman, MD, FACR
1997-98 2009-10

Richard E. Latchaw, MD John R. Hesselink, MD, FACR
1998-99 2010-11

A. James Barkovich, MD

Thomas H. Newton, MD*

Harold O. Peterson, MD*

Carolyn C. Meltzer, MD, FACR

D. Gordon Potts, MD
Mannie M. Schechter, MD*
Juan M. Taveras, MD*
Ernest H. Wood, MD*

*deceased



Awards and Honors
2012 ASNR Gold Medal Award

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.

2012 Gold Medal Recipient
A. James Barkovich, MD

University of California, San Francisco

Anthony James Barkovich, M.D. is Professor of Radiology and Biomedical
Imaging, Neurology, Pediatrics, and Neurosurgery and Chief of Pediatric
Neuroradiology at the University of California, San Francisco. His undergraduate
education was at the University of California at Davis, he pursued graduate
studies in Chemistry at the University of California at Berkeley, and he
received his medical education at the George Washington University. He
completed his internship and Radiology residency at the Letterman Army
Medical Center in San Francisco, CA and then a neuroradiology fellowship
at the Walter Reed Army Medical Center in Washington, D.C. During his
fellowship, he spent time at Johns Hopkins Hospital, Children’s National
Medical Center in Washington, D.C., and the Hospital for Sick Children in
Toronto. After serving 3% years in the U.S. Army as the neuroradiologist at
Letterman Army Medical Center in San Francisco, Dr. Barkovich joined the
faculty of the University of California, San Francisco in 1989, where he has

remained for more than 22 years.

Dr. Barkovich is fascinated by normal development of the central nervous
system and the results of perturbations of that process. He recognized early
that MRI was a potentially groundbreaking tool for the study of normal and
abnormal brain development, so he focused upon optimizing techniques for the
evaluation of small brains. This pursuit involved conceptualizing and aiding

in designing and building MRI compatible incubators and high resolution

Awards and Honors

ASNR Gold Medal Award Past Recipients

1995 1999
Juan M. Taveras, MD* Grant B. Hieshima, MD
T. Hans Newton, MD* Michael S. Huckman, MD

1996 2000
Sadek K. Hilal, MD* Hillier L. “Bud” Baker, Jr., MD*
Giovanni Di Chiro, MD* 2001

1997
Derek C. Harwood-Nash, MB, ChB.,
DSc, FRCPC, FACR, RCRAD(SA)*

1998
Irvin L. Kricheff, MD
D. Gordon Potts, MD

O. Wayne Houser, MD
J. Arliss Pollock, MD*

2002
R. Thomas Bergeron, MD
David O. Davis, MD

imaging coils, and adapting imaging sequences to maximize the information
gained from these studies. Combining embryology, genetics, molecular
biology and basic physical and biological science, he collaborated with fellow
researchers to better understand and classify steps in brain development and
determine at what steps normal development became perturbed. This work
led to a series of grants funded by the NIH, which have supported much of the
work since 1993. This work gained him recognition in many fields including
metabolic disease, medical genetics and epilepsy. His ideas in these areas were
published in many peer-reviewed papers and a series of books that he single-

authored, co-authored, or co-edited.

Dr. Barkovich has served the ASNR and other radiology organizations for
many years, serving as Secretary, Vice-President, and President-Elect of the
ASNR before ascending to the Presidency in 1998. He was the Chairman of
The Foundation of the ASNR (formerly the Neuroradiology Education and
Research Foundation) from 2001-2007. He served as Secretary-General of
the World Federation of Neuroradiological Societies from 2002-2006. Dr.
Barkovich’s contributions have been recognized by multiple awards, including
the Goldenson Technology Award from the United Cerebral Palsy R&E
Foundation, the Peter Emil Becker Award from the German-Swiss-Austrian
Society of Child Neurology for Outstanding Contributions to Pediatric
Neurology and Neuroradiology, honorary membership in the European
Society of Neuroradiology, and the initial Gold Medal of the American Society
of Pediatric Neuroradiology.

2003 2007
Norman E. Leeds, MD, FACR Robert M. Quencer, MD
Anne G OS[)OI‘I’I, MD, FACR 2008
2004 Robert R. Lukin, MD
Ralph Heinz, MD, FACR
S : 2009
tephen A. Kieffer, MD, FACR
Glenn S. Forbes, MD, FACR
2005
Samuel M. Wolpert, MD 2010
Anton N. Hasso, MD. FACR
2006
2011

R. Nick Bryan, MD, PhD, FACR
Ghatles . Kether MD Burton P. Drayer, MD, FACR, FAAN
*deceased

X



Awards and Honors
2012 ASNR Honorary Member

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.

2012 ASNR Honorary Member Recipient:
Francis O. Brunelle, MD
Hospital Necker-Enfants Malades, Paris, France

Professor Francis Brunelle graduated from Cochin Medical School in Paris
in 1972. He served as a volunteer in Africa (Togo) as a military surgeon
and, during his stay, he created the first nursing school in Togo. During
his residency, he trained as a paediatrician, neonatologist, and finally as a
radiologist. Prof. Brunelle received a master’s degree in biochemistry during
is residency. Afterwards, he spent a year as a visiting fellow in Alex Margulis’
department, where he trained with Harry Genant and Roy Filly, as well as with

Hans Newton and David Norman in neuroradiology.

Back in France he became an associate professor of radiology in Dr. Chaumont’s
department in Bicetre Hospital. The presence of Professor Daniel Alagille, a
world specialist of liver diseases in children, led him to develop diagnostic and
interventional radiology in liver diseases in children. Most of the abdominal

interventional techniques were developed during this time.

During this period, in 1981, he spent four months in Derek Harwood-Nash’s
department, where he trained in paediatric neuroradiology, writing a paper

entitled, “Brain vascular malformations in children.”

In 1985, he became full professor of radiology at Necker Enfants-Malades
Hospital, which was the turning point of his career. The presence at Necker
of Professor Hirsch, a pioneer of paediatric neurosurgery, and Doctor Jean

Aicardi, one of the leading people in paediatric neurology, led him to develop

Past ASNR Honorary Members

Torsten Almen, MD Godfrey N. Hounsfield, PhD*
Mitchel S. Berger, MD Yun Peng Huang, MD
James W. Bull, MD* Ian Isherwood, MD
Graeme M. Bydder, MD, ChB Pierre Lasjaunias, MD, PhD
M. Paul Capp, MD Paul C. Lauterbur, PhD*
Sten Crongvist, MD* Dennis LeBihan, MD, PhD
B. G. Ziedses des Plantes, MD* Marco Leonardi, MD
George du Boulay, MD* Erik Lindgren, MD*
Richard R. Ernst, MD Claude H. Manelfe, MD
Torgny V. B. Greitz, MD Professor Luc Picard

Xl

the diagnostic and interventional neuroradiology techniques in children.
He created the first paediatric neuroradiology course in France, which
rapidly became the European Course of Paediatric Neuroradiology, held
in conjunction with the European Society of Paediatric Radiology and the
European Society of Neuroradiology. In addition, he also created the first

European course of Paediatric Radiology in 1992.

The presence of a very active department of genetics allowed the development
of research in neurogenetics diseases in children. The creation of a research
unit made possible the development of research in this field, mainly in autism.
The department was a pioneer in foetal imaging with MRI, the first foetal
MRI being performed in 1987.

Prof. Brunelle wrote 322 peer-reviewed papers and 3 books, among them
Imaging Children (with Carty, Stringer and Kao). He is a former President
of the Medical Board in Necker; Editor of Paediatric Radiology; Secretary of
the French College of Radiologists (CERF); and Counsellor of the Minister
of Health (2004-2007). He served as President (co-president Janet Strife) of
the International Paediatric Radiology (IPR) meeting in Paris in 2001, and
Director and Chairman of the Imaging Department at Necker. He is one of
the founders of the renovation plan for Necker Hospital, whose new building
is to be opened in July 2012. Prof. Brunelle is one of the three authors of the
redaction of the medical strategy of the Necker Hospital. He is also one of the

two founders of a university diploma, “Management for Doctors.”

Prof. Brunelle and his wife Anne, an architect, are the parents of six children.

Michel Ter Pogossian, MD*
Joseph Ransohoff, MD*

Jesus Rodriguez-Carbajal, MD
Lee E Rogers, MD

Prof. Lucy Balian Rorke
Michael Radford Sage, MD,

FRANZCR, FRCR, FRCPC
(Lon), FRCPC (Ed), FHKCR (Hon)

Georges Salamon, MD

S. L Seldinger, MD

Fjodor Serbinenko, MD
Mutsumasa Takahashi, MD
E. Turgut Tali, MD

Galdino E. Valvassori, MD
Marjo S. van der Knaap, MD
Prof. Jacqueline Vignaud

M. Gazi Yasargil, MD

Ian R. Young, BSc, PhD
George Schuyler

*deceased



Awards and Honors

The Foundation of the ASNR Award for
Outstanding Contributions in Research

THE FOUNDATION OF THE ASNR

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.

The recipient of the 2012 award is:

Robert A. Zimmerman, MD
Childrens Hospital of Philadelphia, Pennsylvania

Dr. Robert A. Zimmerman graduated from Temple University in Philadelphia,
Pennsylvania, and from Georgetown University School of Medicine in
Washington, D.C., Summa Cum Laude. He completed a Residency in
Radiology and a Fellowship in Special Procedures at the Hospital of the
University of Pennsylvania in Philadelphia. In 1969, Dr. Zimmerman left for
Europe, where he served three years as a radiologist in the U.S. Army. After
his tour of duty, he returned to the Hospital of the University of Pennsylvania
and advanced through the ranks from Assistant to Associate to Full Professor
of Radiology and Radiology in Neurosurgery at the University of Pennsylvania
School of Medicine. In 1989, Dr. Zimmerman moved his full-time practice
from the Hospital of the University of Pennsylvania to the Children’s Hospital
of Philadelphia, where he became the Division Chief and the Director of the
Neuroradiology Fellowship Program. Dr. Zimmerman also served as Vice-
Chief of Radiology at The Children’s Hospital from 2000-2004, and in 2007,
Dr. Zimmerman received The Children’s Hospital of Philadelphia Endowed
Chair in Pediatric Neuroradiology.

Dr. Zimmerman was the Co-Principal Investigator on the first NIH grant
for the CT evaluation of cerebral trauma. He authored many papers that
described, for the first time, CT findings in non-accidental trauma of children
and infants, cerebral brain swelling in trauma, shearing injuries, active bleeding
in epidural hematoma and evolution of hematomas on CT. Dr. Zimmerman
also used the first clinical spiral CT. He worked with GE on the development
of the first high field (1.5T) MRI and published the first high field images
done clinically and the first MRS performed in a clinical MRI. He described,

often for the first time, characteristics of pediatric brain tumors and showed
the correlation of pathology with imaging findings.

Dr. Zimmerman has authored over 400 manuscripts in peer-reviewed journals
and has contributed over 80 chapters to medical texts and reviews, as well
as co-editing two Neuroradiology textbooks. For his work, Dr. Zimmerman
has received the Gold Medal Award from the American Society of Pediatric
Neuroradiology (2002), and has been awarded Honorary Membership in the
European Society of Neuroradiology (2001). He served as the USA Editor-
in-Chief of Neuroradiology from 1989 through 2005. His current research
interests include the use of diffusion imaging, and proton spectroscopy
and ASL in brain tumors. His interests also include fetal MR imaging,
neuroimaging of pediatric stroke, imaging of pediatric trauma and hypoxic/
ischemic brain injury in neonates.

With his wife, Dianne, Dr. Zimmerman enjoys traveling, gardening, and
spending time with his two grandchildren.

Past Award Recipients:

2011 Thomas P. Naidich, MD

2010 Victor M. Haughton, MD
2009 R. Gilberto Gonzalez, MD, PhD
2008 A. James Barkovich, MD

2007 Clifford R. Jack, Jr., MD

2006 No Award Given

2005 Dixon M. Moody, MD

2004 Robert I. Grossman, MD

2012 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 2012 award is:

Rahul S. Desikan, MD, PhD
University of California, San Diego

“Phospho-tau not APOE e4 Modulates Amyloid-B Associated Neurodegeneration
Incognitively Normal Older Individuals”

Dr. Rahul S. Desikan is a first year research-track radiology resident at
the University of California, San Diego (UCSD), and a research fellow
in the laboratory of Dr. Anders Dale, also at UCSD. He completed
his undergraduate studies in Classics, Biology and Neuroscience
at Boston University in 1999, and his MD and PhD degrees also
at Boston University in 2009. During his third and fourth years of
medical school, Rahul simultaneously served as a postdoctoral fellow
in the laboratory of Dr. Bruce Fischl at the Athinoula A. Martinos

Center at Massachusetts General Hospital. His graduate research

Presentation Time: Monday, April 23, 3:48pm

Location: Beekman/Sutton North

involved developing an automated, structural MRI-based technique
for automatically parcellating the human cerebral cortex into gyral-
based regions, and applying this methodology for the early detection
of Alzheimer’s disease. His current research involves elucidating the
genetic, cellular and neuroimaging characteristics of Alzheimer’s
disease. He is the recipient of a Junior Investigator Award from the
American Foundation for Aging Research-General Electric Healthcare,
and a Young Scholar’s Award from the Alzheimer’s Association San
Diego-Imperial Chapter. Xil




Awards and Honors

ASNR Cornelius G. Dyke Memorial Award Past Recipients

1972

George M. McCord, MD

“The Venous Drainage to The Inferior Sagittal
Sinus”

1973

Barton Lane, MD

“Cerebrospinal Fluid Pulsations at
Myelography: A Video-Densitometric Study”
1974

Jacques Theron, MD
“Anatomical-Radiological Correlates of the
Anterior Choroidal Artery”

1975

Thomas P. Naidich, MD

“The Normal Anterior Inferior Cerebellar
Artery”

1976 - No Award

1977

Burton P. Drayer, MD

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

1978

Joseph A. Horton, MD

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

1979

Dieter R. Enzmann, MD

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

1980 - No Award

1981

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

“Contrast Enhanced Magnetic Resonance
Evaluation of a Brain Abscess Model”
1985 - No Award

1986

Jeremy B. Rubin, MD

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

“Part 2 Harmonic Modulation of Proton MR
Precessional Phase by Pulsatile Motion

Origin of Spinal CSF Flow Phenomenon”

XIv )

1987 - No Award

1988

Vincent P. Mathews, MD

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

1989

Allen D. Elster, MD

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

1990

Marvin D. Nelson, Jr., MD

“The Search for Human Telencephalic
Ventriculofungal Arteries”

1991

Udo P. Schmiedl, MD

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

1992

R. Gilberto Gonzalez, MD
“Quantitative In Vivo Human Brain Lithium
Magnetic Resonance Spectroscopy”

Frank J. Lexa, VII, 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”

1995

John L. Ulmer, MD

“Magnetization Transfer or Spin-lock? An
Investigation of OffResonance Saturation Pulse
Imaging Using Varying Frequency Offsets”
1996

John C. Strainer, MD

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

1997

Stephen G. Imbesi, MD

“Why Do Ulcerated Atherosclerotic
Caroid Artery Plaques Embolize?

A Flow Dynamics Study”

David F. Kallmes, MD

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

1998 - No Award

1999

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 Intra-
Aneurysmal 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

2006

Ashok Panigrahy, MD

“Quantitative Short Echo Time 1H Magnetic
Resonance Spectroscopy of Untreated
Pediatric Brain Tumors: Pre-operative
Diagnosis and Characterization”

2007

Yulin Ge, MD

“Quantitative Assessment of Iron
Accumulations in the Deep Gray Matter
of Multiple Sclerosis by Magnetic Field
Correlation Imaging”

2008 - No Award

2009

Josser E Delgado Almandoz, MD
“Diagnostic Accuracy and Yield of
Multi-Detector CT Angiography
in the Evaluation of Spontaneous
Intraparenchymal Cerebral Hemorrhage”

2010

Elysa Widjaja, MD

“Alteration of Human Fetal Subplate Layer
and Intermediate Zone During Normal
Development on MR and Diffusion
Tensor Imaging”

2011 - No Award



Awards and Honors

ASNR 2011 Outstanding Presentation Awards

ASNR s pleased to announce the winners of the Outstanding Presentation
Awards. The overall quality of the paper and poster presentations at the Seattle
meeting was excellent, and the winners should be commended for their
outstanding work. A $1,000 award will be given to the primary author of each
winning presentation.

Seven awards were presented in Six categories: in Adult Brain/General

Neuroradiology (two awards, one awarded by the ASNR, and another awarded
by The Foundation of the ASNR), Functional Neuroradiology, Head and

General Neuroradiology
(on behalf of the ASNR)

PAPER 217: Comparison of Arterial Spin Labeling and Bolus Perfusion-
Weighted Imaging for Detecting Mismatch in Acute Stroke

Elmogy, 1.S.! ® Zaharchuk, G.? ¢ Fischbein, N.J.* ¢ Albers, G.W.?

("Mansoura Advanced Radiology Center, Mansoura, EGYPT, *Stanford
University, Stanford, CA)

General Neuroradiology

(on behalf of The Foundation of the ASNR)

PAPER 248: Diffusion Kurtosis Imaging of Normal Pressure

Hydrocephalus

Pawar, R.V.! ® Kong, S.E.? * Jenson, J.H.? * Golomb, J.B.! « Babb, J.S.! *
George, A.E.!

("New York University Langone Medical Center, New York, NY, ?New York
Medical College, Valhalla, NY, > New York University School of Medicine, New
York, NY)

Functional Neuroradiology
PAPER 87: Resting Brain for Neurosurgical Planning

Stufflebeam, S.M." ® Liu, H.' ® Buckner, R.' ® Tanaka, N.' * Grant, I?

("Massachusetts  General Hospital Martinos Center, Charlestown, MA,
2Children’s Hospital Boston, Charlestown, MA)

Neck, Interventional (The Michael Brothers Memorial Award), Pediatrics
(The Derek Harwood-Nash Award), and Spine. Both awards in Adult Brain/
General Neuroradiology were selected by a panel of ASNR members under
the direction of the Education Committee. The five subspecialty awards
were judged by panels selected from each of the specialty societies, including
ASFNR, ASHNR, ASPNR, ASSR, and SNIS. We would like to thank all
of the judges for their tremendous effort in evaluating the presentations.
Congratulations to the winners!

Head and Neck Radiology

Paper 429: Peripheral Nerve Tractography in Brachial Plexus Lesions
Kasprian, G.J. * Breitenscher, J. ®* Mallouhi, A. ® Czerny, C. ® Prayer, D.
(University of Vienna, Vienna, AUSTRIA)

Interventional Neuroradiology

(The Michael Brothers Memorial Award)

Paper 117: Intra-Arterial Chemotherapy (Chemosurgery) in the
Treatment of Retinoblastoma: 4-Year Experience

Gobin, Y' ® Abramson, D.? ® Marr, B.? ® Brodie, S.? ® Dunkel, 1.2

("Weill Cornell Medical College, New York, NY, °Memorial Sloan-Kettering
Cancer Center, New York, NY, >Mount Sinai College of Medicine, New York,
NY)

Pediatric Neuroradiology

(The Derek Harwood-Nash Award)

PAPER 225: Application of Diffusion Tensor Imaging as a Surrogate for
Neurologic Deficit of Spinal Cord Injury

Schopf, V. * Kasprian, G.* Mitter, C.iBrugger, P.C. ¢ Prayer, D.

(Medical University of Vienna, Vienna, AUSTRIA)

Spine

PAPER 33: Diffusion Tensor Imaging and Tractography of Traumatic
Brachial Plexus Palsies: Preliminary Experience

Zohrabian, V.' ® Zussman, B.! ® Frangos, A.! ® iMatthews, ]J.! ® Lackey, J.!
® Dresner, M.A? ¢ Lai, S.! * i Marino, R.! ® iGorniak, R.! * Flanders, A.E."

("Thomas Jefferson University Hospital, Philadelphia, PA, *Philips Medical
Systems, Cleveland, OH)

2011/2012 Specialty/Regional Society Awards

The American Society of Neuroradiology is pleased to announce the recipients of the 2011/2012 Special/Regional Society Awards. These individuals were

selected by the respective societies as having the best presentation at each society’s most recent Annual Meeting.

American Society of Spine Radiology (ASSR)
(Mentor Award)
“Improved Outcomes with Percutaneous Image-Guided Lumbar
Synovial Cyst Treatment: Novel Approaches and Techniques”
Leena Tekchandani, MD
Winthrop-University Hospital, Mineola, NY

Eastern Neuroradiological Society (ENRS)
(The Norman E. Leeds Award)

“Dynamic Susceptibility Contrast MRI Perfusion May Not Predict
Progressive Disease in Patients with Recurrent Glioblastoma
Receiving Bevacizumab.”

Andrew D. Schweitzer, MD

Memorial Sloan-Kettering Cancer Center, New York

Southeastern Neuroradiological Society (SENRS)
“Morphologic Approach to White Matter Disease”
Jeff L. Creasy, MD
Vanderbilt University Medical Center, Nashville
Western Neuroradiological Society (WNRS)
(The Gabriel H. Wilson Award)
“Adult Cystic Fibrosis Sinonasal CT Findings”

Sarah Elizabeth Stilwill, MD
University of Utah, Salt Lake City

XV




Awards and Honors

The Foundation of the ASNR Basic Science Research Award Past Recipients

1986-87

Jeremy B. Rubin, MD

Stanford University Medical Center
“New Methods Using MRI to Assess Ventricular
Shunt Function and Measure Intravenous

Pressure Non-invasively in Patients with
Ventricular Shunt Catheters”

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

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

1989-90
Todd Lempert, MD

University of California at San
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 |

1991-92

Steven N. Breiter, MD
The Johns Hopkins Hospital

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

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”

1993-94

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

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

John P. Karis, MD
Barrow Neurological Institute

”Epi/ef)sy 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”

1995-96

Norman J. Beauchamp, MD
The Johns Hopkins Hospital

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

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

“Functional MRI and Electrophysiologic
Correlates of Sub-modality Specific

Somatosensory Activation”

Jeffrey L. Sunshine, MD

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

1997-98
Huy M. Do, MD

University of Virginia Health
Sciences Center

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

1998-99

William F. Marx, MD

University of Virginia

“Endovascular Treatment of Experimental
Aneurysms Using Biologically Modified
Emborz'/c Coils: Promotion of Permanent
Occlusion via Intra-aneurysmal Fibroblast

Delivery”

THE FOUNDATION OF THE ASNR



Awards and Honors

The Foundation of The ASNR Basic Science Research Award Past Recipients (continued)

1999-00

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

“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”

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”

2002-03

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

“Polymer-Chelate Conjugates for Diagnostic
Cancer Imaging”

Christopher Lascola, MD, PhD
Duke University Medical Center

“Magnetic Resonance Imaging of Spreading
Depression-Induced Reactive Gliosis in Mice”

2003-04

Dheeraj Gandhi, MD
University of Michigan Health
System

“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”

Susan M. Kealey, MD

Duke University Medical Center
“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"

2004-05

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

“Structural and Functional Correlates of

Axonal Shearing in Traumatic Brain Injury:
A Combined DTI, fMRI and MSI Study”

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

“Identification of Unstable Atherosclerotic
Plaque at the Carotid Bifurcation 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 CT-
Angiography: A Comparative Study with
Ex Vivo Histology and Imaging”

2006-07

Michelle S. Bradbury, MD, PhD
Memorial Sloan Kettering Cancer
Center

“In Vivo Monitoring of Human Embroyonic
Stem Cell-derived 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”

2007-08

Myria Petrou, MA, MBChB
University of Michigan, Ann Arbor, Mi

“Investigation of Axonal Loss, Demyelination
and Response to Treatment in a Mouse
Model of Multiple Sclerosis Using Diffusion
Tensor Imaging”

Elysa Widjaja, MD
Hospital for Sick Children, Toronto,
Canada

“Determining the Extent of Diffusion Tensor
Abnormalities in Focal Cortical Dysplasia”

2008-09

Bradley Foerster, MD
Johns Hopkins Hospital, Baltimore,
Maryland

“MR Molecular Imaging of Glutamate
Carboxypeptidase Il (GCPIl) Modulation in
an Experimental Model of Stroke”

Noriko Salamon, MD

David Geffen School of Medicine at

the University of California at Los

Angeles, Los Angeles, California
"Digusion Tensor Imaging in the
Identification of the Extra-Hippocampal
Abnormality in the Patients with Mesial
Temporal Lobe Epilepsy with Hippocampal
Sclerosis”

2009-10
Christopher T. Whitlow, MD, PhD

Wake Forrest University School of

Medicine, Chapel Hill, NC

“Evolving Patterns of Functional Connectivity
in the Developing Brain: An Arterial Spin
Labeling Perfusion MRI and Computational
Network Analytical Investigation”

2010-11
Stephen E. Jones, MD, PhD

Cleveland Clinic

“Validation of Probalistic DTI Algorhythms
Using Direct Stimluation Data from
Stereotactic EEG Electrodes in Humans”

2011-12

Rivka R. Colen, MD

Brigham and Women'’s Hospital,

Boston, MA

“Targeted Drug Delivery of Bortexomib
using ‘Microbubble’ Enhanced MR-guided
Focused Ultrasound (MRgFUS): A Glioma
Rat Model of Concept Study”

Xvil




Awards and Honors
2012 The Foundation of the ASNR Scholar

Award in Neuroradiology Research

Since 1995, The Foundation of the ASNR has been in the process of raising
funds to support neuroradiology research. This is one of the most important
goals of the The Foundation of the ASNR, 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 FOUNDATION OF THE ASNR

The recipient of the 2012 award is:

Seena Dehkharghani, MD
Emory University, Atlanta, GA

“Investigating the Utility of MR Thermometry and Perfusion in the
Evaluation of Cerebrovascular Ischemia: Applications to the
Ischemic Penumbra Model of Neurovascular Injury”

The Foundation of the ASNR Scholar Award in Neuroradiology Research Past Recipients

1999

L. Santiago Medina, MD, MPH

Children’s Hospital Medical Center,

Cincinnati, OH

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

2000

Melanie B. Fukui, MD

University of Pittsburgh Medical

Center, Pittsburgh, PA

“Carotid Stenosis Evaluation: Cost-
Effectiveness of Computed Tomographic
Angiography vs. Magnetic Resonance
Angiography”

2001

Soonmee Cha, MD

New York University Medical Center,

New York, NY

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

2002

James D. Eastwood, MD

Duke University Medical Center,

Durham, NC

“CT Perfusion Imaging in Subarachnoid
Hemorrhage Related Vasospasm”

2003

Steven G. Imbesi, MD

University of California, San Diego

Medical Center, San Diego, CA
“Alteration of Intracranial Aneurysm Flow
Dynamics: Development and Evaluation of
Potential Neurointerventional Endovascular
Treatment Regimens of Wide Necked
Aneurysms”

Xvii }

2004

Pratik Mukherjee, MD, PhD

University of California San

Francisco, San Francisco, CA
“Diffusion Tensor MR Imaging and
Quantitative Tractography of Brain
Development in Premature Newborns”

2005

Donna R. Roberts, MD

University of California, San

Francisco, CA

“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 Medical

Center, San Diego, CA

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

2006

Erin Simon Schwartz, MD

Children’s Hospital of Philadelphia,

Philadelphia, PA

“A Comprehensive MR Assessment of Fetal
Physiologic Well-Being”

2007

Pina C. Sanelli, MD

Weill Medical College of Cornell

University, New York, NY

“Assessing the Value of CT Perfusion in
Improving Clinical Outcomes in Aneurysmal
Subarachnoid Hemorrhage Using a
Decision Analytic Model”

2008
Tammie L. S. Benzinger, MD, PhD
Washington University School of
Medicine, St. Louis, MO
“Childhood Leukodystrophy with
Neuromuscular Disability: Translational
Use of MRI Directional Diffusivity as a Tool
for Prognosis and Response to Therapy”
Vivek Prabhakaran, MD, PhD
Johns Hopkins Hospital, Baltimore, MD
“Characterizing the Neural Substrates
of Stroke Recovery Utilizing fMRI and

Perfusion Imaging”

2009

Greg Zaharchuk, M.D., PhD

Stanford University Medical Center,

Stanford, CA

“Optimizing Arterial Spin Label MRI for
the Visualization of Collateral Flow in
Moyamoya Disease”

2010

Steven W. Hetts, MD

University of California, San Francisco
“Endovascular Catheter for Magnetic
Navigation under MRI Guidance:
Evaluation of Healing In Vivo at 1.5T”

Danel Mandell, MD

Hospital for Sick Children

“Evolution of Individual White Matter Lesions
in Lleukaoraiosis: A Serial MRI Study”

2011

Michael J. Paldino, MD

Children’s Hospital Boston

“Abnormal Structural and Functional
Connectivity in Pediatric Patients with Focal
Cortical Dysplasia”



Awards and Honors

2012 The Foundation of The ASNR Research Scientist Award

The Foundation of the ASNR and Partner Organizations have established the
Research Scientist Award to provide research opportunities for PhD investigators
to advance the science of Neuroradiology. Scientific research is the foundation
upon which the clinical practice of Neuroradiology is built. Research scientists
in partnership with radiologists have traditionally led the development of new
imaging technologies and image-guided procedures. The directive of these
awards is to assist young scientists in their transition to becoming independent
investigators in neuroradiology research, as well as to help established
investigators initiate new projects with relevance to neuroradiology.

2011
Jaime F Mata, PhD
University of Virginia, Charlottesville, VA

“Non-Invasive Targeted Delivery and In-vivo Evaluation of Brain

Therapy Using MR Guided Focused Ultrasound”

THE FOUNDATION OF THE ASNR

The recipient of the 2012 award is:

Jeffrey I. Berman, PhD
Children’s Hospital of Philadelphia, Philadelphia, PA

“Diffusion MR Assessment of the Auditory Radiation in Autism”

2012 The Foundation of the ASNR Comparative Effectiveness Research Award

The Foundation of the ASNR has established the Comparative Effectiveness
Research Award to support investigators in the generation and synthesis of
evidence that compares the benefits and harms of diagnostic imaging methods
or interventions to prevent, diagnose, treat, and monitor a clinical condition
or to improve the delivery of care. Comparative effectiveness research (CER)
is valuable to clinicians, patients, purchasers, and policy makers in making
informed decision that will improve health care at both the individual and
population levels. Neuroradiologists have an important role in the development
of new imaging technologies and image-guided procedures, as well as in the
assessment of these techniques in the clinical care of patients.

2011
Ajay Gupta, MD
New York Presbyterian Hospital

“Comparison of CT Perfusion and Digital Subtraction Angiography in
the Evaluation of Delayed Cerebral Ischemia Using Bayesian Analysis”

The recipient of the 2012 award is:

Ari M. Blitz, MD
Johns Hopkins Hospital

“Comparative Effectiveness of High Resolution 3D vs. Standard 2D
Protocol Pituitary MRI for Cushing’s Disease”

The Foundation of the ASNR Award in Cerebrovascular Disease

Research Award Past Recipients

2003-04
Joshua Shimony, MD, PhD
Washington University School of Medicine, St. Louis, MO

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

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”

2005-06

Donna Hoghooghi, MD

University of California, San Francisco, CA

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

2006-07

Albert Yoo, MD

Massachusetts General Hospital, Boston, MA

“Predicting Clinical Outcomes of Intra-arterial Thrombolysis in Acute
Stroke Using Diffusion/Perfusion MRI”

2007-08

Todd Abruzzo, MD

University of Cincinnati Medical Center, Cincinnati, OH

“Modeling Modes of Intracranial Aneurysm Recurrence After Coil
Embolization: Mechanisms of Coil Compaction and Aneurysm Re-Growth”

2008-09

Humberto Morales, MD

University of Cincinnati, Cincinnati, OH

“Safety of lodinated Contrast Material in a Middle Cerebral Artery
Occlusion/Reperfusion Model”

XIX
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Continuing Medical Education (CME)
Take Your Official Continuing Medical Education (CME) Certificate Home With You!

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 Foundation of the ASNR Symposium
2012 and ASNR 50th 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 The Foundation of the ASNR Symposium 2012 and
ASNR 50th Annual Meeting CME Certificate.

Following the meeting, the ASNR 2012 CME certificate site will be
available online by mid-July for 90 days for attendees to print out their
CME certificates.

Please Note: Duc to the availability of CME certificates online, certificates
will not be mailed to attendees.

Letter of AHendance

If you wish to obtain a Letter of Attendance, please request one at the Registration
Desk located on the 2" Floor Promenade of the Hilton New York.

Continuing this year!

* Evaluations available online with remote access 24/7 through

the meeting!
¢ Streamlined format!

* Open throughout the meeting until Sunday, May 6, 2012

Accreditation Statement

CME Pavilion - Gibson (2 Floor)

To access the CME evaluation program, scan the barcode on the front of your
badge at the 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, as
well as on your personal device. 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: 1o receive CME credit for sessions attended at The Foundation of the
ASNR Symposium 2012 and ASNR 50th Annual Meeting, all evaluations must
be entered by Sunday, May 6, 2012.

Scientific Program and Meeting Evaluation

The 2012 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 the Gibson at the Hilton New York.
Please complete the evaluations for each session to assist in planning future
meetings and to help us maintain accreditation of future programs.

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.

Credit Designation Statement

The American Society of Neuroradiology designates this live activity for a maximum of 33.75 AMA PRA Category 1 Credit(s)™.
Physicians should claim only credit commensurate with the extent of their participation in the activity.

Target Audience

The 50th Annual Meeting is the premier Neuroradiology meeting in the world. It is designed for general radiologists who read
Neuroradiology studies, dedicated neuroradiologists who strive to better integrate advanced imaging and image-guided diagnostic
and therapeutic strategies into daily practice, and scientists who seek better understanding of the current state of these technologies
and how they are applied to evaluate the brain, spine, and head and neck. All participants will benefit from exchange of ideas
with colleagues from around the world. Programming will include invited talks and original presentations of new results in imaging
methods and techniques such as MR diffusion and perfusion weighted imaging, susceptibility weighted imaging, magnetic resonance
spectroscopy, functional magnetic resonance imaging, MR angiography, CT perfusion, CT angiography, CT iterative reconstruction
techniques, dual energy CT, catheterbased angiography and associated therapies, image-guided spine interventions, molecular
imaging and positronemission tomography. Sessions dealing with pediatric neuroradiology, head and neck imaging, diagnostic
imaging of the spine and spinal therapeutic interventions, vascular imaging and interventions, functional and molecular imaging, and
adult neuroradiology will be offered. There will also be sessions on multiple relevant socioeconomic and practice management issues.

XX )



ASNR 50th Overall Annual Meeting Educational Objectives

After attending the 50th Annual Meeting, you
will be able to:

* Analyze the clinical spectrum and imaging finding associated
with cerebellar disorders, craniofacial malformations, epilepsy and
prematurity in children

* Review in Maintenance of Certification (MOC) and Self-Assessment
Module (SAM) programming with sessions highlighting Pediatric
Neuroradiology, Head and Neck Imaging, Cerebrovascular Diseases,

and Spine Imaging and Intervention.

¢ Identify major health policy and socioeconomic factors likely to
affect the future of Neuroradiology, including changes in payment
systems, evolution of health care reform, comparative effectiveness

research, and evidence based medicine.

* Analyze the indications for, imaging findings, and outcomes related

to diagnosis and endovascular therapy of venous disease, dural

arteriovenous fistulae, carotid disease and aneurysms.

* Describe imaging findings associated with sinonasal, skull base and

temporal bone pathology as well as head and neck cancer.

* Identify abnormalities of and perform interventional procedures on

the spine, disk, pelvis and sacro-iliac joint.

* Apply conventional and advanced imaging methods to the diagnosis
and treatment planning of psychiatric diseases, dementias, acute
stroke and other vascular diseases, traumatic brain injury, white

mactter diseases, infections and intracranial neoplasms.

¢ Define and analyze new developments in molecular imaging, positron
emission tomography imaging, functional MRI, diffusion imaging,
brain perfusion imaging, and MR spectroscopy.

* Analyze new developments in computed tomography including
iterative reconstruction, dual energy CT, and 4D CT.

* Evaluate leadership and management approaches to optimizing

performance of radiology practice.




Synaptic Junction Programming (as of 3/21/12)

The ASNR Synaptic Junction provides the opportunity for connecting your practice to the future through offerings focused on enhancing

workflow, efficiency, standardization of interpretation and reporting, and improvements in revenue cycle, particularly those that involve software,

hardware and informatics-based solutions.

Monday, April 23

8:30am - 10:00am ¢ Murray Hill
MR Safety for Patients with Implants
Emanuel Kanal, MD
Alex Mamourian, MD
Harold I. Litt, MD, PhD

Tuesday, April 24

8:30am - 10:00am ® Beekman/Sutton North
DTl For Dummies
Diffusion Tenor Imaging/Physics

Michael L. Lipton, MD, PhD
Current Applications

Vikas Agarwal, MD

Current Research and Future Innovations
Andrew G. Bleicher, MD

4:45pm - 6:15pm * Murray Hill
Point/Counterpoint: Communicating Results Directly
to Patients

Annette J. Johnson, MD, MS
Barton E Branstetter IV, MD

Wednesday, April 25

1:00pm - 2:30pm ¢ Murray Hill
Dose Extraction
Tessa Cook, MD

XXil )

SYNAPTIC JUNCTI©ON

e dep CONNECting your practice

Lecture Programming
Only in 2012

2011-2012 Education
Subcommittee:
Synaptic Junction

John L. Go, MD

Chair

Barton E Branstetter IV, MD
Falgun Chokshi, MD

Nikdokht Farid, MD

Adam E. Flanders, MD

Andrew Ku, MD

Laurie A. Loevner, MD

Gul Moonis, MB, BS

Mark E. Mullins, MD

C. Douglas Phillips, MD, FACR
Edward P Quigley, I1I, MD, PhD
Pina C. Sanelli, MD, MPH



How-To Sessions (as of 3/21/12)

HOW.

The leadership of the ASNR
is pleased to present more
instructional How-To Sessions.
These

presented by major corporate

one hour sessions,

contributors, deal with advances

O N

in imaging and procedures, as
well as principles in Neuroradiology and image information management.
The How-To Sessions are scheduled throughout the week. The How-
To Sessions offer a unique opportunity for neuroradiologists to discuss
techniques, procedures and products with their colleagues as well as with
technical specialists from the imaging industry. The sessions may include

a brief didactic presentation and demonstration, all with a strong practical
emphasis. A significant portion of each session is devoted to questions and
answers. As problems and solutions relating to the imaging techniques will
be addressed with previous years sessions addressing clinical CT Imaging.
Practical Neuro CTA and advances in MR Imaging. Please note: Due to
the direct financial support from companies to conduct these sessions,
CME credit hours will not be granted for any How-To Sessions.

How-To Session Programming in the Grand
Ballroom Suite.

Sunday, April 22.....cccceeecetnccseccsecssecssecssecssecssesssesssesssesssesssssssssssssssssssssssssseess ©:50am - 7:50am

&Y Medtronic

Monday, APril 23 ....cccceeecreccsecnsecssecssecssecssessesssesssessesssesssesssesssssssesssssssssseess ©:20am - 7:20am

N\

BRACCO

N

LIFE FROM INSIDE

Tuesday, April 24 .......c.cceeceeuecseccsecssecssecssessesssesssesssesssesssesssessssssssssssssesssessse &:20am - 7:20am

PHILIPS

TueSday, April 24 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 6:3opm = 7:3°pm

e
janssen

PHARMACEUTICAL COMPANIES

OF WMMW«WWLWI

[ ALZHEIMER’S

IMMUNOTHERAPY PROGRAM
INNOVATION TO REMEMBER™ |

Wednesday, April 25.....cceccieecenecseecsecnseenseecsecssscsseesseessecssasssssssesssesssesssesssessss ©:20am - 7:20am

TOSHIBA

Leading Innovation >>>
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Technical Exhibition Hall - Americas Hall | (as of 3/21/12)
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Technical Exhibits Roster (as of 3/21/12)

Hilton New York - America Hall |

TUESAAY, APIIL 24 ..ottt es 10:00 am — 4:00 pm
Wednesday, APIIl 25........oiiiiiiii ittt 10:00 am — 4:00 pm
TRULSAAY, APIIL 26 ..ottt 10:00 am — 4:00 pm
Amirsys, INC ..o MedEIONIC ..covuveeeerriieticieircicie e Booth #317
2180 South 1300 East, Suite 570 2600 Sofamor Danek Drive
Salt Lake City, UT 84106 Memphis, TN 38132
Anatom-e Neuro Information Systems, Ltd.....c....co....... Booth #221 MICTOVENTION ...ttt Booth #106
2047 University Boulevard 1311 Valencia Avenue
Houston, TX 77030 Tustin, CA 92780
Bayer HealthCare........ccovviieeirniiicceeceee Booth #308 MR IDSEIUMENLS. cvvrereieiiiecieieiicieieieieeie e Booth #318
6 West Belt 5610 Rowland Road, Suite 145
Wayne, NJ 07470 Minneapolis, MN 55343
Bayer Medical Info.......ccovcuniciniciniciiccicice, Booth #215 NeuroTherm, Inc.....coeurieerieerieiriereireseseieaes Booth #400
6 West Belt 30 Upton Drive, Suite 2
Wayne, NJ 07470 Wilmington, MA 01887
Benvenue Medical ... Booth #323 NordicNeuroLab.......ccocveveeeiriereiirieeieee e Booth #225
3052 Bunker Hill Lane, Suite 120 234 West Florida Street, Suite 210
Santa Clara, CA 95054 Milwaukee, WI 53204
Bracco Diagnostics InC. .oooooovvvvvvviiinniniiiiiiiiiinns Booth #201 Olea Medical......c.cvevevieiiieiiieieieeeeeeeeee e, Booth #306
107 College Road East 533 A Putnam Avenue
Princeton, NJ 08540 Cambridge, MA 02139
CarESIIEAM ..o eaens Booth #227 Philips HealthCare .voerererrersrersesesesesessesrsee Booth #200
150 Verona Street hell b
Rochester. NY 14608 22100 Bothell Everett Highway
’ Bothell, WA 98021
COVIAIEN ettt Booth #21
ovidien oot / Radiological Society of North America (RSNA) ............ Booth #219
9775 Toledo Way !
Irvine, CA 92618 820 Jorie Boulevard
Oak Brook, IL 60523
DFINE, INC. 1.ttt Booth #223 ) ] ]
3047 Orchard Parkway Siemens Medical Solutions USA, Inc.......cceovvvevenvennnne. Booth #110
San Jose, CA 95134 51 Valley Stream Parkway
. Malvern, PA 19355
ELSeVier TNC. uiiviieiieiieiceieeiceeeeeeeeeeeeee s Booth #209 .
1600 John E Kennedy Boulevard, Suite 1800 SPINGET et Booth #205
Philadelphia, PA 19103 233 Spring Street
GE Healthcare.........cooveveuiieiieeieeieeeeeeeeeeeeeee s Booth #320 New York, NY 10013
9900 West Innovation Drive Stryker Interventional Spine.........cooceuvverrierricrnicnnencn Booth #203
Wauwatosa, W1 53226 4100 East Milham Avenue
Guerbet LLC ..o Booth #116 Kalamazoo, M1 49001
1185 West 2nd Street Synthes SPINe ....veveiereeuririciciercce e Booth #402
Bloomington, IN 47403 1302 Wrights Lane East
Hitachi Medical Systems America, Inc. ...ccocvveveeernennes Booth #109 West Chester, PA 19380
195_ 9 Summit Commerce Park Thieme Medical Publishers ............ccooevvvveieiiiiiiiinnens Booth #207
Tiwinsburg, OH 44087 333 Seventh Avenue
1CAd, TN vttt ettt ee e Booth #319 New York, NY 10001
19\? S}f 1 Blifol?IkOR((;gi’ Suite 100 Toshiba America Medical Systems, Inc.......cccovcuvencrnnee Booth #220
ashua, NH 03 2441 Michelle Drive
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PevZal\l)lZeeS%Z/IG 5 33(1)172 oad VAL ottt Booth #304
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Lippincott Williams and Wilkins ......cococeeeevennccuernen. Booth #100 Minnetonka, MN 55343
New York, NY
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ASNR 50th Annual Meeting Invited Speakers (as of 3/21/12)

Vikas Agarwal, MD
University of Pittsburgh
Medical Center

Frederica Agosta, MD
San Raffaele Scientific Institute
and Vita-Salute University, ltaly

Andres Arbelaez, MD
Corbic Cardioneurovascular /
Hospital Pablo Tobon Uribe,
Columbia

Krystal Archer-Aarroyo, MD
University of Maryland School of
Medicine

Roland Bammer, PhD
Stanford University

Peter B. Barker, D.Phil.

Johns Hopkins University School
of Medicine

Frederik Barkhof, MD
Vrije Universiteit Medical Centre,
Netherlands

A. James Barkovich, MD
University of California,
San Francisco Medical Center
Robert M. Barr, MD
Mecklenburg Radiology
Associates, PA.

Walter S. Bartynski, MD
Presbyterian University Hospital

Tracy T. Batchelor, MD, MPH
Massachussets General Hospita//
Harvard Medical School

Jacqueline A. Bello, MD
Montefiore Medical Center

Alex Berenstein, MD
Roosevelt Hospital

Rafeeque A. Bhadelia, MD
Beth Israel Deaconess
Medical Center

Erin D. Bigler, PhD
Brigham Young University

Susan |. Blaser, MD
Hospital for Sick Children,
Canada

Andrew G. Bleicher, MD
University of Pittsburgh
Medical Center

Timothy N. Booth, MD
Children’s Medlical Center of
Dallas / University of Texas at
Southwestern

Craig A. Branch, PhD
Albert Einstein College
of Medicine

Barton F. Branstetter IV, MD
University of Pittsburgh
Medical Center
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Allan L. Brook, MD
Montefiore Medical Center

Francis Brunelle, MD
Hopital Necker-Enfants Malades,
France

R. Nick Bryan, MD, PhD
University of Pennsylvania
Health System

Soonmee Cha, MD
University of California,
San Francisco Medical Center

Tessa Cook, MD
University of Pennsylvania

DeWitte T. Cross Ill, MD
Washington University
School of Medical

Mary E. Cunnane, MD
Massachusetts Eye and
Ear Infirmary

Anders M. Dale, PhD
University of California,
San Diego

Colin P. Derdeyn, MD
Mallinckrodt Institute

William D. Donovan, MD, MPH, FACR
The William W. Backus Hospital

Howard L. Dorne, MD
Vascular and Interventional
Specialists of Orange County
Paul Dreyfuss, MD
University of Washington
Clifford J. Eskey, MD, PhD
Dartmouth-Hitchcock
Medical Center
Zahi A. Fayad, PhD, FAHA, FACC
Mount Sinai School of Medicine
David J. Fiorella, MD, PhD
Stony Brook University
Medical Center
Donald F. Frei, Jr., MD
Radiology Imaging Associates
William C. Gaetz, PHD
University of Pennsylvania
School of Medicine
Emerson L. Gasparetto, MD, PhD
University Federal of Rio De
Janeiro and DASA, Brazil
Lawrence E. Ginsberg, MD
MD Anderson Cancer Center
Christine M. Glastonbury, MBBS
University of California,
San Francisco
R. Gilberto Gonzalez, MD, PhD
Massachusetts General Hospital

P. Ellen Grant, MD
Children’s Hospital Boston

Robert |. Grossman, MD
NYU Langone Medical Center
Rajiv Gupta, MD, PhD
Massachusetts General Hospital
David B. Hackney, MD, FACR
Beth Israel Deaconess
Medical Center
Danial K. Hallam, MD, MSc
University of Washington,
Harborview Medical Center
H. Ric Harnsberger, MD
University of Utah School
of Medicine
Donald V. Heck, MD
Forsyth Radiology Associates
Jeroen Hendrikse, MD, PhD
University Medical Center-
Utrecht, Netherlands
Alan S. Hilibrand, MD
Jefferson Medical College /
The Rothman Institute
Andrei |. Holodny, MD
Memorial Sloan-Kettering
Cancer Center / Weill Medical
College of Cornell University
Michael S. Huckman, MD
Rush University Medical Center
Patricia A. Hudgins, MD
Emory University School
of Medicine
Jeffrey G. Jarvik, MD
University of Washington
Mahesh V. Jayaraman, MD
Warren Alpert School of
Medicine at Brown University /
Rhode Island Hospital
Annette J. Johnson, MD, MS
Wake Forest University School
of Medicine
Crystal A. Jones
University of Michigan
Health System
John E. Jordan, MD
Advanced Imaging of South Bay
Emanuel Kanal, MD
University of Pittsburgh
Medical Center

Marc D. Keshishian, MD
Blue Care Network

Elizabeth A. Krupinski, PhD
The University of Arizona
David A. Kumpe, MD, FACR
University of Colorado Hospital
John I. Lane, MD
Mayo Clinic Rochester, MN

Meng Law, MD
Keck Medical Center of USC

Frank J. Lexa, VI, MD
The Wharton School of The
University of Pennsylvania

Catherine Limperopoulos, PhD
Children’s National Medical
Center / George Washington
University School of Medicine
and Health Science

Michael L. Lipton, MD, PhD
Albert Einstein College
of Medicine

Andrew W. Litt, MD

Dell Healthcare and Life Sciences
Harold |. Litt, MD, PhD
Perelman School of Medicine at
The University of Pennsylvania
Laurie A. Loevner, MD
University of Pennsylvania
Medical Center
Jeffrey C. Lotz, PhD
University of California,
San Francisco
Hanzhang Lu, PhD
University of Texas Southwestern
Medical Center
Joseph A. Maldjian, MD
Wake Forest University School
of Medicine
Alex Mamourian, MD
University of Pennsylvania

Graeme F. Mason, PhD
Yale School of Medicine

Chester A. Mathis, PhD
University of Pittsburgh School
of Medicine

Sean Meagher, MD
Central lllinois Radiological
Associates, Ltd.

Carolyn C. Meltzer, MD, FACR
Emory University School
of Medicine

Michelle A. Michel, MD
Medical Col/ege of Wisconsin /
Froedltert Hospital

David J. Mikulis, MD
Toronto Western Hospital,
Canada

Michael T. Modic, MD
Cleveland Clinic Foundation

Andrew J. Molyneux, MD
Neurovascular Research
Nuffield Surgery

Gul Moonis, MD, BS
Beth Israel Deaconess
Medical Center

Christopher J. Moran, MD

Washington University School
of Medicine



ASNR 50th Annual Meeting Invited Speakers (as of 3/21/12)

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

Suresh K. Mukherii, MD, FACR
University of Michigan
Health System

Srini Mukundan, Jr., MD, PhD
Brigham and Women's Hospital

Cameron G. McDougall, MD
Barrow Neurological Associates

Geraldine McGinty, MD, MBA
NRAD Medical Services

Thomas P. Naidich, MD
Mount Sinai Medical Center

Edward A. Neuwelt, MD
Oregon Health & Science
University

Darren B. Orbach, MD, PhD
Children’s Hospital Boston

Anne G. Osborn, MD
University of Utah Medical
Center

Enrique Palacios, MD, FACR
Tulane University

Susan Palasis, MD
Children’s Healthcare of Atlanta

Michael J. Paldino, MD
Children’s Hospital Boston

Jeffrey R. Petrella, MD
Duke University Medical Center

C. Douglas Phillips, MD, FACR
Weill Medical College of
Cornell University / New York
Presbyterian Hospital

Stuart R. Pomerantz, MD
Massachusetts General Hospital

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

John D. Port, MD, PhD
Mayo Clinic, Rochester MN

Judith M. Donovan Post, MD, FACR
Miller School of Medicine at The
University of Miami

James M. Provenzale, MD, FACR
Duke Medical Center

Robert M. Quencer, MD
Miller School of Medicine at The
University of Miami

Perry F. Renshaw, MD, PhD, MBA
The University of Utah

Timothy P.L. Roberts, PhD
The Children’s Hospital of
Philadelphia

Richard L. Robertson, MD
Children’s Hospital Boston

Caroline D. Robson, MB, ChB
Children’s Hospital Boston
Howard E. Rockette, PhD
University of Pittsburgh

Gary F. Rogers, MD
Children’s National Medical
Cenfer

Bruce R. Rosen, MD, PhD
Boston Massachusetts
General Hospital

Jeffrey S. Ross, MD
Barrow Neurological Institute,
St. Joseph’s Hospital

Andrea Rossi, MD
G. Gaslini Children’s Hospital,
ltaly

Alex Rovira, MD
Hospital Vall d’Hebron
University, Spain

Laura M. Rowland, PhD
University of Maryland School of
Medicine/Maryland Psychiatric
Research Center

Howard A. Rowley, MD
University of Wisconsin

Zoran Rumboldt, MD, PhD
Medical University of
South Carolina

Haris Sair, MD

Johns Hopkins Medicine

Stephen Salloway, MD, MS
The Warren Alpert Medical
School of Brown University

Pina C. Sanelli, MD, MPH
New York Presbyterian Hospital/
Cornell University

Pamela W. Schaefer, MD
Massachusetts General Hospital
llona M. Schmalfuss, MD
NF/SG Veterans Administration/
University of Florida

David J. Seidenwurm, MD, FACR
Radiological Associates

Aseem Sharma, MD
Washington University School
of Medicine/ Mallinckrodlt
Institute of Radiology

Rahul Sharma, MD, MBA, FACEP
Weill Cornell Medical College

Deborah R. Shatzkes, MD
Lenox Hill Hospital

Martha E. Shenton, PhD
Harvard Medical School /
Brigham and Women'’s Hospital

Hyunsuk Shim, PhD
Emory University

Daniel K. Sodickson, MD, PhD
NYU Langone Medical Center

D. Christian Sonne, MD
Kaiser Permanente Oakland
Medical Center

Michael G. Stewart, MD, MPH
Weill Medical College of
Cornell University

Jeffrey A. Stone, MD
Mayo Clinic Florida

Pia Maly Sundgren, MD, PhD
Institution of Clinical Sciences
Lund University, Sweden

Joel D. Swartz, MD
Germantown Imaging Associates
Rick Swartz, MD, PhD
Sunnybrook Health Sciences
Centre, Toronto

Stephen T. Sweriduk, MD
Shields Healthcare Group

E. Turgut Tali, MD
Gazi University School of
Medicine, Turkey

Majda M. Thurnher, MD
Medical University of Vienna,
Austria

Frank C. Tong, MD
Emory University School of
Medicine

Johan W. Van Goethem, MD, PhD
University Hospital of Antwerp,
Belgium

Gilbert Vezina, MD
Children’s National Medical
Center

Fernando Vinuela, MD
UCLA Medical Center

Katie D. Vo, MD
Mallinckrodt Institute of
Radiology / Washington
University Medical Center
Ajay K. Wakhloo, MD, PhD
University of Massachusetts
Bruce A. Wasserman, MD
Johns Hopkins University
Alyssa T. Watanabe, MD
Voxel Imaging, Inc. /
University of Southern
California School of Medicine
Patrick Y. Wen, MD
Dana-Farber / Brigham &
Women’s Cancer Center
Christopher T. Whitlow, MD, PhD
Wake Forest University School
of Medicine

Richard H. Wiggins, lll, MD, CIIP
University of Utah,
Health Sciences Center
Daniel W. Williams, Ill, MD
Wake Forest University School
of Medicine
Dean F. Wong, MD, PhD
Johns Hopkins Medical Institutions
Wade H.M. Wong, DO
University of California
San Diego Medical Center
David M. Yousem, MD, MBA
Johns Hopkins Medical Institution
Gregory G. Zaharchuk, MD, PhD
Lucille Packard Children’s
Hospital at Stanford
Gregory J. Zipfel, MD
Washington University in St.
Louis, School of Medicine
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ASNR 50th Annual Meeting

Scientific Program Overview (as of 3/21/12)

Monday through Thursday: ASNR will provide Breakfast, Morning & Afternoon Beverage Breaks. Lunch on own.
Tuesday through Thursday: ASNR will provide Continuous Coffee Service in the Technical Exhibit Hall Americas Hall I

Monday April 23, 2012

6:00am - 7:55am
6:20am - 7:20am
7:25am - 7:30am

7:30am - 8:30am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

10:00am - 10:30am
10:30am - 12:00pm

12:00pm - 1:00pm
12:00pm - 1:00pm
1:00pm- 2:30pm

Continental Breakfast

How-To Session - Bracco Diagnostics Inc.

(1) Opening Remarks

p-1

(2) Maintenance of Certification (MOC) - Review
Session (AR) Pediatrics

p-1

(3) Collaboration with Society For Neuro
Oncology (SNO): Assessment of Tumor
Recurrence In The Modern Era

p-1

(4) ASPNR Programming: Fetal And Neonatal
Imaging

p-2

(5) Synaptic Junction Programming: MR Safety
For Patients With Implants

p.3

(6) Advanced CT Imaging

p. 4

(7) Cutting Edge Research Support By The
Foundation of The ASNR

p. 4

Morning Beverage Break

(8) Parallel Scientific Paper Sessions

Session 8a Adult Brain - Cerebrovascular I

p.5

Session 8b Adult Brain - New Techniques/Post
Processing — 1

p. 13

Session 8¢ Pediatrics: New Techniques

p- 21

Session 8d Adult Brain: Trauma

p- 28

Session 8¢ Anatomy & Applications of Advanced
Imaging

p- 36

Lunch On Own

(9) Education Exhibits Tour

(10) ASFNR Programming Implementing
Functional Imaging In The Clinical Setting
(SAM # 1) (AR)

p. 43

*AR = Audience Response Session

XXVl )

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm
1:00pm - 2:30pm

2:30pm - 3:00pm
3:00pm - 4:30pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

7:00pm - 10:00pm

(11) ASPNR Programming: Advanced Pediatric
Neuroimaging Techniques

p. 45

(12) Socioeconomic Programming: Healthcare/
Payment Methodology/Health Services

p. 46

(13) General Programming: CNS Infections

p. 46

(14) An Expert: How I Do It

p. 48

Afternoon Beverage Break

(15) Parallel Scientific Paper Sessions

Session 15a Adult Brain: Neoplasms I

p- 49

Session 15b Adult Brain: New Techniques/Post
Processing - 11

p. 57

Session 15¢ Adult Brain: Degenerative/
Demyelinating/Metabolic Diseases

p. 65

Session 15d Pediatrics: Developmental/Congenital
Malformations

p.-72

Session 15e Intracranial Manifestation and Rare
Diseases/Miscellaneous

p-79

(16) ASPNR Programming: Pediatric Head and
Neck (SAM #2) (AR)

p- 86

(17) ASFNR Programming: Advanced Imaging In
Psychiatric Disease: Opportunities And Trends
p. 87

(18) Advanced Imaging Seminar: Molecular
Imaging Update

p- 88

(19) Appropriate Utilization of Cervical Spine
Imaging in Trauma

p- 89

(20) Parallel Session: Pediatric: Miscellaneous
P 90

Welcome Reception At The Museum of Modern
Art (MoMA) (Off Site)

*Session Programming qualified by the American Board of Radiology (ABR) in meeting the criteria for self-assessment toward the purpose of fulfilling requirements

in the ABR Maintenance of Certification Program. 3/12. 1o obtain current SAM credit information, visit www.asnr.org



Scientific Program Overview (as of 3/21/12)

Tuesday April 24, 2012

6:00am - 7:55am
6:20am - 7:20am
7:30am - 8:30am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

10:00am - 10:30am
10:30am - 12:00pm

12:00pm - 1:00pm
12:00pm - 1:00pm
12:00pm - 1:00pm

Continental Breakfast

How - To Session - Philips Healthcare

(21) Maintenance of Certification (MOC) -
Review Session (AR) Head And Neck

p- 98

(22) General Programming: Collaboration with
Society The SILAN Session

In Honor of Dr. Juan Taveras

p- 98

(23) General Programming: Alzheimer’s
Dementia

p. 100

(24) Synaptic Junction Programming: DTT For
Dummies

p. 102

(25) An Expert: How I Do It

p. 102

(26) Young Professional Programming: Entering
And Thriving In Community Practice

p. 104

Morning Beverage Break

(27) Parallel Scientific Paper Sessions

Session 27a Adult Brain: Neoplasms II

p. 105

Session 27b Functional Imaging I

p. 114

Session 27c Adult Brain: Vascular, Intracranial
p. 122

Session 27d Head & Neck: Anatomy, Face, Orbit
and Congenital

p. 129

Session 27e Pediatric: Functional Imaging &
Neonatal Imaging

p. 135
Lunch On Own
Young Professionals Luncheon

(28) American Society of Pediatric Neuroradiology
(ASPNR) Business Meeting (for members only)
(with lunch provided)

*AR = Audience Response Session

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

2:30pm - 3:00pm

3:00pm - 4:30pm

3:00pm - 4:30pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

6:30pm - 7:30pm

(29) ASPNR Programming: 2012 ASPNR
Interesting Case Session

p. 142

(30) ASFNR Programming: Emerging Techniques
In Functional Neuroradiology

p. 143

(31) ASHNR Programming: Skull Base

p. 144

(32) General Programming: Vessel Wall Imaging
p. 145

(33) Young Professionals Programming: Academic
Session

p. 146

Afternoon Beverage Break

(34) Parallel Scientific Paper Sessions

Session 34a Adult Brain: Neoplasms III

p. 147

Session 34b Pediatric: Other

p. 154

Session 34c Interventional: Arteriovenous
Malformations, Fistulae & Other Vascular Lesions
p. 161

Session 34d Head & Neck: Pharynx, Larynx, Soft
Tissue Neck, Sinonasal and Temporal Bone

p. 169

(35) Grant Writing Seminar

p. 177

(36) ASHNR Programming: Sinus / Orbit

p. 177

(37) General Programming: Aneurysms

p. 179

(38) What Is Quality? ...Perspectives From
Patient, The Payers And (Least Importantly) Us?
(SAM #3) (AR)

p. 179

(39) Synaptic Junction Programming: Point/
Counterpoint: Communicating Results Directly
To Patients

p. 182

(40) Advanced Imaging Seminar:
Neurotransmitters And Imaging

p. 182

How-To Session

-Janssen Alzheimer Immunotherapy/Pfizer Inc.

*Session Programming qualified by the American Board of Radiology (ABR) in meeting the criteria for self-assessment toward the purpose of fulfilling requirements XXIX

in the ABR Maintenance of Certification Program. 3/12. 1o obtain current SAM credit information, visit www.asnr.org




Scientific Program Overview (as of 3/21/12)

Wednesday April 25, 2012

6:00am - 7:55am
6:20am - 7:20am

7:30am - 8:30am

8:30am - 10:00am

10:00am - 10:30am
10:30am - 11:00am

11:00am - 11:15am

11:15am - 11:30am

11:30am - 12:00pm

12:00pm - 1:00pm
12:00pm - 1:00pm
1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

1:00pm - 2:30pm

2:30pm - 3:00pm
3:00pm - 4:30pm

Continental Breakfast
How - To Session —Toshiba Medical Systems

America, Inc.

(41) Maintenance of Certification (MOC) -
Review Session (AR) Cerebrovascular

p. 814

(42) General Session: Luminary Session:
Past, Present And Future

p. 184

Morning Beverage Break
(43) Keynote Speaker

p. 185

(44) ASNR Presidential Address
p. 186

(45) ASNR Award Announcements
-Gold Medal Award

-Honorary Member Award
-2012 The Foundation of the ASNR Outstanding

Contribution in Research Award

-2012 The Foundation of the ASNR Scholar
Award in Neuroradiology Research

-2012 The Foundation of the ASNR Research

Scientist Award

-2012 The Foundation of the ASNR Comparative
Effectiveness Research Award

-2012 Women in Neuro Award

-Cornelius G. Dyke Memorial Award

-2011 Trainee Award

-2011 Outstanding Presentation Awards

(46) American Society Of Neuroradiology (ASNR)
Annual Business Meeting (Members Only)

(47) Education Exhibits Tour

Lunch On Own

(48) ASHNR Programming: Head And Neck

Cancer (SAM # 4) (AR)
p. 186

(49) SNIS Programming: Venous Disease

p. 187

(50) ASSR Programming: Advanced Imaging of
The Spine And Disk

p. 188

(51) Synaptic Junction Programming: Dose

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm

4:45pm - 6:15pm
4:45pm - 6:15pm

6:30pm - 7:30pm

Extraction

p. 189

(52) An Expert: How I Do It
p- 190

*AR = Audience Response Session

XXX )

Afternoon Beverage Break
(53) Parallel Scientific Paper Sessions

Session 53a Adult Brain: Vascular, Extracranial &
Intracranial

p. 190

Session 53b Spine: Other

p. 197

Session 53¢ Interventional: Aneurysms I

p- 206

Session 53d Head & Neck: Other, New
Techniques & Temporal Bone

p. 212

Session 53e Socioeconomics

p- 219

(54) ASSR Programming: Epidemiology Basics For
Spine Imaging And Interventions

p- 226

(55) Socioeconomics Programming: The Nuts &
Bolts of Health Care Payment And Reform: What
You Need To Know!

p- 227

(56) SNIS Programming: Dural Arteriovenous
Fistulae

p- 229

(57) ASHNR Programming: Temporal Bone

p- 229

(58) Advanced Imaging Seminar: Faster And Faster
p. 231

Closing Reception with Technical
Exhibitors

Americas Hall I, Hilton New York

*Session Programming qualified by the American Board of Radiology (ABR) in meeting the criteria for self-assessment toward the purpose of fulfilling requirements

in the ABR Maintenance of Certification Program. 3/12. 1o obtain current SAM credit information, visit www.asnr.org



Scientific Program Overview (as of 3/21/12)

Thursday April 26, 2012

6:00am - 7:55am

6:20am - 7:20am

7:30am - 8:30am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

8:30am - 10:00am

10:00am - 10:30am
10:30am - 12:00pm

12:00pm - 1:00pm
1:00pm - 2:30pm

Continental Breakfast

How - To Session

- Siemens Medical Solutions USA, Inc.

(59) Maintenance of Certification (MOC) -
Review Session (AR) Spine

p. 232

(60) ASSR Programming: The Sacroiliac Joint and
Pelvis: Imaging and Interventions (SAM #5) (AR)
p. 232

(61) Collaboration With European Society Of
Neuroradiology (ESNR): White Matter Diseases
p. 234

(62) Socioeconomic Programming: Current Issues
In Stroke Imaging And Treatment: What Is The
Evidence?

p. 236

(63) Parallel Session: Interventional and Spine:
Miscellaneous

p. 237

Morning Beverage Break

(65) Parallel Scientific Paper Sessions

Session 65a Adult Brain: Degenerative/
Demyelinating/Metabolic Diseases 11

p. 242

Session 65b Inteventional: Aneurysms II

p. 249

Session 65¢ Spine Intervention

p. 256

Session 65d Epilepsy & Other

p. 263

Session 65¢ Neoplasms - Spine and Brain

p. 267

Lunch On Own

(66) Parallel Scientific Paper Sessions

Session 66A Adult Brain: Cerebrovascular II

p. 276

Session 66b Interventional: Thrombolysis/Stroke
p. 285

Session 66¢ Interventional: New Devices &
Techniques

p- 293

Session 66d Spine: New Techniques &
Degenerative

p- 299

Session 66e Adult Brain: Functional Imaging II
p. 306

*AR = Audience Response Session

2:30pm - 3:00pm
3:00pm - 4:30pm

3:00pm - 4:30pm

3:00pm - 4:30pm

3:00pm - 4:30pm

4:30pm - 4:45pm

Afternoon Beverage Break

(67) SNIS Programming: Carotid Disease
(SAM #6) (AR)

p. 313

(68) General Programming: Mild Traumatic
Brain Injury

p. 314

(69) ASSR Programming: Spine Potpourri
p. 315

(70) Parallel Session: Interventional and Spine:

Miscellaneous

p- 316

(72) Closing Remarks
p. 322

*Session Programming qualified by the American Board of Radiology (ABR) in meeting the criteria for self-assessment toward the purpose of fulfilling requirements
in the ABR Maintenance of Certification Program. 3/12. 1o obtain current SAM credit information, visit www.asnr.org
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~ American Society of Neuroradiology (ASNR)
Future Annual Meetings

NEURORADIOLOGY FOR THE 21T CENTURY
ASFNR ASHNR ASPNR ASSR SNIS

51+ Annual Meeting | May 18 - 23

San Diego Convention Center, San Diego, California

SAN DIEGO 2013

524 Annual Meeting | May 17 - 22

Palais des Congrés de Montreal, Montreal, Quebec, Canada

MONTREAL 2014

L) Future Annual Meetings 2015-2019 to be confirmed soon!
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Monday Morning

7:25 AM - 7:30 AM
Grand Ballroom Suite

(1) Opening Remarks

0-1 7:25 AM - 7:30 AM

Opening Remarks

David B. Hackney, MD, FACR

Radiology, Beth Israel Deaconess
Boston, MA, USA

Monday Morning

8:30AM-10:00 AM
Grand Ballroom Suite

(3) COLLABORATION WITH
SOCIETY FOR NEURO ONCOLOGY
(SNO): ASSESSMENT OF TUMOR
RECURRENCE IN THE MODERN
ERA

0-4 8:30 AM - 8:50 AM

Monday Morning

7:30 AM - 8:30 AM
Grand Ballroom Suite

(2) MAINTENANCE OF
CERTIFICATION (MOC) - REVIEW
SESSION (AR) PEDIATRICS

0-2 7:30 AM - 8:00 AM

Pediatrics

Gilbert Vezina, MD

Children's Nat'l Med Ctr.
Washington, DC, USA

Unknown cases with pertinent multiple choice
questions will be presented. Illustrative cases of
congenital and acquired disorders of the pediatric brain
will be used; the difficulty level will be that expected
within the fund of knowledge possessed by
neuroradiologists.

0-3 8:00 AM - 8:30 AM

Pediatrics

Timothy N. Booth, MD

Radiology, Children's Medical Center of Dallas
Dallas, TX, USA

Unknown cases with pertinent multiple choice
questions will be presented with related cases
presented. Illustrative cases of congenital and acquired
disorders of the pediatric head and neck will be used;
the difficulty level will be that expected within the fund
of knowledge possessed by neuroradiologists.

Advanced Neuroimaging of Response and of
Progression Following Anti-Angiogenic Therapy

Pia Maly Sundgren, MD, PhD

Center for Medical Imaging Physiology, Lund University
Lund, Sweden

Glioblastoma is the most common primary brain tumor
and is a highly angiogenic tumor. Primarily the
angiogenesis is mediated by vascular endothelial
growth factor (VGEF) with blood vessels that
distinctively differs from normal vessel but other
proantigenitc factors play a role as well. Due to the
ineffective therapy the prognosis of gliomblastoma is
poor and has driven the research to find new
therapeutic agencies. An example is of this Bevacizumab
(Avastin), a humanized monoclonal antibody against
VEGF. However, despite advanced neuroimaging
techniques it remains difficult to predict tumor
response to anti-angiogenic therapy in individual
patients. For example there is diminished contrast
enhancement of the tumor and reduced surrounding
edema most likely due to inhibition in vessel
permeability early in the treatment with bevacizumab.
This finding is named “pseudoresponse” since the
decreased enhancement can be secondary to an
antipermeability effect rather than the result of
reduction in tumor size. The opposite is seen in the
treatment with termozolamide and radiation where an
increase in area of enhancement is seen that resolves
over time - so called pseudoprogression. Both these
conditions are well demonstrated on conventional MR
imaging as well as on advanced MRI like diffusion and
perfusion imaging. However they still may -cause
confusion and wrongly results in change of therapy as
well as in the interpretation of results of Phase I and
Phase II clinical trials. To partially address this issue the
MacDonald criteria have recently been revised. The
present lecture will focus present knowledge and
research on the use of advanced imaging to support
response or progression during ongoing therapy.




0-5 8:50 AM - 9:10 AM

Decision Making Following Anti-Angiogenic
Therapy: The Neuro-Oncologist's Perspective

Tracy T. Batchelor, MD, MPH

CERN Foundation
Dayton, OH, USA

0-6 9:10 AM - 9:30 AM

Advanced Imaging and Non-FDG PET for
Differentiating True From Pseudo-Progression

Whitney B. Pope, MD, PhD

Radiology, UCLA
Los Angeles, CA, USA

The role of advanced MRI and non-FDG PET in the
evaluation of brain tumor patients, specifically the
ability to differentiate true- from pseudoprogression
will be presented.

0-7 9:30 AM - 9:50 AM

Monday Morning

8:30AM-10:00 AM
Trianon Ballroom

(4) ASPNR PROGRAMMING: FETAL
AND NEONATAL IMAGING

0-8 8:30 AM - 8:55 AM

Advanced Fetal and Neonatal Imaging Techniques

P. Ellen Grant, MD

Radiology, MGH
Boston, MA, USA

0-9 8:55 AM - 9:20 AM

Review of RANO

Patrick Y. Wen, MD

Dana-Farber/Brigham and Women's Cancer Center
Boston, MA, USA

Dr. Patrick Wen graduated from St. Bartholomew’s
Hospital Medical College, University of London. He
completed his internal medicine training at University
of London affiliated hospitals. His neurology training
was completed at the National Hospitals for Nervous
Diseases at Queen Square, London, and in the Harvard-
Longwood Neurology Training Program. Dr. Wen is
currently a Professor of Neurology at Harvard Medical
School, the Director of the Center for Neuro-Oncology at
Dana-Farber/Brigham and Women'’s Cancer Center and
Director of the Division of Neuro-Oncology in the
Department of Neurology at Brigham and Women'’s
Hospital. He was Vice President of the Society For
Neuro-Oncology. He is Chair-Elect of the Neuro-
Oncology Section of the American Academy of
Neurology, Vice Chair of the Neuro-Oncology Committee
in the Alliance for Clinical Trials in Oncology (ACTION)
Cooperative Group, and chairs the New Agents
Committee of the Adult Brain Tumor Consortium. His
research is focused on novel treatments for brain
tumors, including targeted molecular therapies and
inhibitors of angiogenesis. In addition, he is interested
in response assessment and optimal trial designs in
neuro-oncology and is a leader of the Response
Assessment in Neuro-oncology Working Group that
recently proposed new response criteria for gliomas.

New Insights into Neurocognitive Deficits of
Prematurity

A. James Barkovich, MD

UCSF Medical Center
San Francisco, CA, USA

Presentation Summary: Imaging Findings and Causes of
Disability in Premature Infants

Currently, 12% of live births in the U.S. are premature;
although most research has focused upon the subset
with very low birthweight (slightly more than 10% of
prematures), all prematurely born neonates are at
increased risk for neurodevelopmental disorders. This
presentation will focus on disorders of brain
development in the prematurely born neonate and the
state of maturation of the brain at various times of
development. Late migrating neurons, connections with
the cerebral subplate and the developing cerebral
cortex, and cerebellar neuronal migration and
connections all are ongoing in neonates who are born
prematurely. A better understanding of the status of
development helps to understand the significant
incidence of neurodevelopmental delay and behavioral
disorders in these children.

0-10 9:20 AM - 9:45 AM

Fetal and Neonatal Cerebellar Abnormalities

Catherine Limperopoulos, PhD

George Washington Univ. Schl of Medicine & Health
Sciences
Washington, DC, USA




Monday Morning

8:30 AM - 10:00 AM
Murray Hill

(5) SYNAPTIC JUNCTION
PROGRAMMING: MR SAFETY FOR
PATIENTS WITH IMPLANTS

0-11 8:30 AM - 8:55 AM

Emanuel Kanal, MD

Univ of Pittsburgh Med Ctr
Pittsburgh, PA, USA

Presentation Summary

The MR industry has come a long way since the initial
introduction of MRI into the clinical arena, when many
implants, and especially electromagnetically active
implants, were considered absolute contraindications.
This presentation will discuss the potential safety
concerns of implants in the MR imaging environment.
The static magnetic fields, the gradient magnetic fields,
and the radiofrequency time varying magnetic fields
associated with the MR imaging process each has the
potential to interact with implants in various and
unique mechanisms that introduce their own potential
safety concerns. The rather unique role that the static
magnetic field strength can play in determining the
safety of MR scanning of certain implants or devices will
also be reviewed. Specific devices that have been shown
to be safe in MR environments will be highlighted, and
specific solutions will be discussed that have enabled us
to safely and diagnostically expose patients with
numerous implanted devices to the potential diagnostic
benefits of the MR imaging process. Among these will be
the relatively recently FDA-approved first MR
conditional labeling of a cardiac pacemaker system. We
will also entertain a brief glimpse into the direction that
our industry is taking towards developing even more
ambitious MR conditionally labelled devices. Finally, we
will introduce possible approaches that the MR industry
is considering to accommodate the ever increasing
number of patients in whom device have been
implanted, including Fixed Parameter Mode scanning
protocols, and explain how they work and the rationale
behind the push for their adoption into our MR imaging
industry.

0-12 8:55 AM - 9:20 AM

Alex Mamourian, MD

Radiology, University of Pennsylvania
Philadelphia, PA, USA

Presentation Summary

In this presentation 1 will provide a reasonable
approach to imaging patients with vagal nerve
stimulators and programmable shunts using MR.

0-13 9:20 AM - 9:45 AM
Harold I. Litt, MD, PhD

Radiology, University of Pennsylvania
Philadelphia, PA, USA

Harold Litt MD-PhD is Associate Professor of Radiology
and Medicine at the Perelman School of Medicine of the
University of Pennsylvania and Chief of the
Cardiovascular Imaging Section of the Department of
Radiology. After obtaining AB and AM degrees in physics
at Harvard University, and an MD and PhD in biophysics
from SUNY at Buffalo, he undertook an internship at
Mount Auburn Hospital-Harvard Medical School and
residency in diagnostic radiology at the University of
Pennsylvania School of Medicine. Following fellowship
training in cardiothoracic radiology at the University of
California at San Francisco, he returned to Penn. Dr. Litt's
research concerns novel methods and applications of
Computed Tomography and Magnetic Resonance
Imaging in cardiovascular disease, including methods for
visualization of large clinical imaging datasets, imaging
of patients with implanted cardiac devices, and
quantitative analysis of cardiac motion. He is principal
investigator of a large, multicenter trial sponsored by the
Commonwealth of Pennsylvania Tobacco Settlement
Fund comparing CT with usual care for evaluation of
patients presenting to emergency departments with chest
pain.

Presentation Summary

Recent experience is slowly overturning the long held
belief that an implanted pacemaker or defibrillator is an
absolute contraindication to MRI. Imaging of device
patients may have an acceptable risk profile in certain
circumstances. While the recent emergence of "MRI-
compatible” devices addresses some safety issues,
others remain and legacy devices will persist for many
years. A program for imaging of device patients should
include appropriate clinical and safety checks, and
requires close collaboration between radiologists and
electrophysiologists.  Neuroradiologists have an
important role to play in such a program, given the
importance of brain, head and neck, and spine MRI to
patient care.

There are many potential interactions between MRI,
implanted devices, and patients' electrophysiology.
Imaging of such patients requires choosing appropriate
MRI hardware (field strength, gradients, coils) and
software (pulse sequences), as well as device settings,
to obtain diagnostic studies with minimum risk to a
particular patient.

Implanted cardiac devices may also be affected by CT
when automated tube current adjustment techniques
are used, although these effects are limited to the short
time period when the generator is exposed to the time-
varying x-rays.



Monday Morning

8:30 AM - 10:00 AM
Beekman/Sutton North

(6) ADVANCED CT IMAGING

0-14 8:30 AM - 9:00 AM

Dual Energy CT Fundamental Principles and Neuro

traditional CTA which has lead to relatively modest
radiation dose for these newer studies. Finally, if
obtained at an appropriate sampling rate, the data may
be used not only to generate angiographic images, but
may be reprocessed with perfusion algortihms to
generate whole brain perfusion maps -- all obtained
with a single injection of contrast media and a single
acquisition. The seminar will include discussions of
wide area detectors, helical shuttle scanning,
angiography, perfusion and dose.

Rajiv Gupta, MD, PhD

Neuroradiology, Mass Gen Hospital
Boston, MA, USA

Presentation Summary

This presentation will provide a hands-on introduction
to dual energy CT (DECT). Fundamental principles of
this new modality and its technical implementations
will be described. The main capabilities and limitations
of DECT will be summarized and illustrated with the
help of clinical examples.

0-15 9:00 AM - 9:30 AM

Monday Morning

8:30 AM - 10:00 AM
Sutton Center/South

(7) CUTTING EDGE RESEARCH
SUPPORT BY THE FOUNDATION OF
THE ASNR

0-17 8:30 AM - 8:45 AM

Interactive Reconstruction

Stuart R. Pomerantz, MD

Neuroradiology, Massachusetts General Hospital
Boston, MA, USA

0-16 9:30 AM - 10:00 AM

Wide Coverage CT

Srini Mukundan, Jr, MD, PhD

Radiology, Brigham & Women's Hospital
Boston, MA, USA

Presentation Summary

Over the past decade, the development of high-
performance x-ray tubes, spiral scan acquisition and
multi-row detectors has led to the use of computed
tomography (CT) as a means for generating single-
phase volumetric angiograms of the neurovascular
system. More recently, additional advances including
the development of extreme wide-area detectors, rapid
translating table technology and dual-energy
approaches have further enabled the transformation of
neurological computed tomography angiography (CTA)
into a four-dimensional technology capable of
demonstrating the transit of x-ray contrast media
through the cerebrovascular system as a function of
time. The value of these techniques is enhanced by the
fact that rapid acquisition approaches facilitates robust
bone subtraction angiography. When combined with
volumetric computer reconstructions, dynamic
maximum intensity projection images are created that
appear similar to traditional catheter-based
neuroangiography. Moreover, 4D CTA studies are
typically performed at lower kilovoltage than

Foundation of the ASNR: Where Do Your
Contributions Go?

Howard A. Rowley, MD

Radiology Dept., Univ. Of Wisconsin
Madison, WI, USA

Presentation Summary

The Foundation of the ASNR is dedicated to research
and education in Neuroradiology. With your help, we
fund multiple annual seed grants to young investigators
who are developing tools for practice tomorrow. Our
sponsorship touches every facet of Neuroradiology
education, helps our fellows thrive, and keeps all of us
refreshed in best practices. This is your specialty, and
your chance to help give back. Please consider a
donation to the Foundation in your charitable giving
plans. Thank you for investing in Neuroradiology!

0-18 8:45 AM - 9:05 AM

2009 Scholar's Award: Optimizing Arterial Spin
Label MRI for the Visualization of Collateral Flow in
Moyamoya Disease

Greg G. Zaharchuk, MD, PhD

Department of Radiology, Lucille Packard Children's
Hospital at Stanford
Stanford, CA, USA

Presentation Summary

This talk focuses on the research project that originated
from a 2009 ASNR Foundation Scholar Award Grant,
which focused on using arterial spin label (ASL) to
assess collateral flow patterns in Moyamoya disease
patients. Collateral pathways are known to support the
cerebral circulation during acute and chronic stroke.




The gold-standard for assessing collaterals is digital
subtraction angiography (DSA), but it is a non-
tomographic technique that requires subjective grading.
ASL is a noninvasive method of measuring cerebral
blood flow (CBF) that applies a magnetic label to
endogenous water protons of the blood, which then
distribute into the brain in proportion to local CBF.
Because the label decays with the blood T1, delayed
flow is highlighted. Moyamoya disease patients have
narrowing of the large cerebral arteries and often
demonstrate exuberant collateral networks. We
examined newly diagnosed Moyamoya patients with
multi-time-delay ASL and velocity-selective ASL
(VSASL), which is insensitive to arterial delay, and
compared them to gold-standard DSA and stable xeCT
perfusion measurements. ASL was found to provide a
good tomographic map of presence and intensity of
collateral CBF. During the grant period, several new
avenues were explored, including methods to extract
quantitative CBF, to improve VSASL, and to assess
cerebral oxygenation.

0-19 9:05 AM - 9:25 AM

2009 Cerebrovascular Disease Research Award:
Comparison and Statistical Validation of Cerebral
Flow Results Obtained Using Phase Contrast MRA
and Computational Flow Dynamics in an In Vitro
Cerebral Aneurysm Model

Frank C. Tong, MD

Department of Radiology. Emory University School of
Medicine
Atlanta, GA, USA

Presentation Summary

This presentation will provide a project summary of the
funded project - Comparison and Statistical Validation
of Cerebral Flow Results Obtained Using Phase Contrast
MRA and Computational Flow Dynamics in an In Vitro
Cerebral Aneurysm Model. The experimental methods,
challenges, and results will be presented as well as the
future extensions of this project.

0-019a 9:25 AM - 9:45 AM

MRI has been largely unsuccessful in accurately
identifying non-motor related neurodevelopmental
brain abnormalities in preterm neonates, particularly at
the individual patient level. As such, abnormalities are
typically diagnosed clinically at later stages of
development when targeted intervention may be less
effective. Early diagnosis of impairments is essential for
facilitating targeted treatment during critical periods of
brain development to reduce the frequency and severity
of disability. The purpose of this presentation is to
discuss network connectivity determinants of normal
brain development based upon work funded by the
Foundation of the ASNR, and to introduce a new
subsequently funded project to study
neurodevelopmental outcomes of preterm birth that
arose directly from Foundation support. The aims of
this newly funded project are to 1) examine structural
brain network connectivity determinants of poor
developmental outcomes in preterm neonates, and 2)
apply a machine learning framework for potential use
as a diagnostic tool to predict future cognitive
impairments on the basis of structural MRI data
collected at term-equivalent age. This presentation
highlights the importance of early research funding for
individual career development, and how research
support granted by the Foundation of the ASNR leads to
subsequent funding success from other sources.

Monday Morning

10:30 AM-12:00 PM
Grand Ballroom Suite

(8a) Adult Brain - Cerebrovascular [

0-20 10:30 AM - 10:38 AM

2008 Basic Science Research Award: Evolving
Patterns of Functional Connectivity in the
Developing Brain: An Arterial Spin Labeling
Perfusion MRI and Computational Network
Analytical Investigation

Christopher T. Whitlow, MD, PhD

Radiology Dept, Wake Forest School of Medicine
Winston-Salem, NC, USA

Presentation Summary

Neurodevelopmental outcomes related to preterm birth
have remained poor despite a marked reduction in
mortality associated with premature birth. While only
10-15% of preterm infants will develop cerebral palsy,
more than 60% will develop non-motor cognitive
impairments, frequently in the absence of MRI and ultrasound-
detectable brain lesions. These impairments result in
significant morbidity and high costs to society. Clinical

Can a Malignant CT Perfusion Profile Be Identified
Using Noncontrast CT Hypodensity Alone? A Study
in Acute Ischemic Stroke Patients Imaged within 4.5
Hours of Symptom Onset

Zaharchuk, G.-Inoue, M.-Mlynash, M.-Straka,
M.-Lansberg, M.-Bammer, R.-Albers, G. W.

Stanford University
Stanford, CA

PURPOSE

The “malignant profile” is an MRI pattern based on
diffusion and perfusion imaging that is associated with
poor outcomes following reperfusion in the 3-6 hour
time window. The aim of this study was to estimate the
incidence and prognostic implications of the malignant
profile, as identified by CT perfusion (CTP), in patients
treated with tPA <4.5 hours from stroke onset. In
particular, we assessed whether similar information
could be obtained with noncontrast CT (nCT) alone,
using a criteria of hypodensity >1/3rd of the MCA
territory.




MATERIALS & METHODS

This retrospective study included all patients treated
with tPA at our institution from May 2009 to May 2011
who had CTP performed prior to tPA therapy and
within 4.5 hours of symptom onset. Perfusion data were
acquired on 16- and 64-row CT scanners; two separate
scans were done yielding either 4 or 8 cm coverage
depending on the scanner. The incidence of the
malignant profile, based on the previously published
definition of a Tmax >8 sec perfusion lesion >85 mL was
assessed using an automated software program
(RAPID). This program also estimates the infarct core
based on cerebral blood flow and cerebral blood volume
thresholds <30% of values in the contralateral
hemisphere. Poor outcome was defined as a modified
Rankin Score (mRS) of 5-6 at 30 days. A
neuroradiologist reviewed the nCT images blinded to
the CTP results to determine whether early ischemic
changes were present, specifically the presence of nCT
hypodensity >1/3rd of the MCA territory.

RESULTS

One hundred twenty-one patients were treated during
the prespecified time period and 50 of these patients
had a diagnostic quality CTP study performed. Mean age
was 75 * 14 years, 54% were female, and median (IQR)
NIHSS was 12 (5-18). Mean time to CT was 106 * 52
min (range 42-246 min). Six patients (12%) met the
prespecified CTP criteria for the malignant profile. The
poor outcome rate in these patients was 100% (6/6
patients, all died in the hospital) vs 11% (5/44) in the
nonmalignant patients (p<0.001). Noncontrast CT
hypodensity >1/3rd the MCA territory was seen in 4/6
(67%) of CTP malignant patients and 2/44 (5%) of CTP
nonmalignant patients. Based on this, the sensitivity,
specificity, PPV, and NPV of nCT for predicting a
malignant CTP profile was 0.67 (95% CI 0.24-0.94), 0.95
(0.83-0.99), 0.67 (0.24-0.94), and 0.95 (0.83-0.99),
respectively.

CONCLUSION

The CTP malignant profile is present in approximately
10-15% of tPA eligible patients imaged within 4.5 hours
of symptoms onset. The clinical outcome of these
patients is poor despite tPA therapy, consistent with
data from patients treated with iv tPA in the 3-6 hour
window. In this small cohort, lack of nCT hypodensity
>1/3rd of the MCA territory was a specific predictor of a
negative malignant CTP profile, but sensitivity appears
somewhat lower. CT perfusion may therefore identify a
subset of patients that do not have large nCT
hypodensity in the tPA time window who will do poorly.
More study in larger cohorts would help clarify this.

KEey WoRDs: CT perfusion, stroke, mismatch

0-21 10:38 AM - 10:46 AM

Automated Regional and Tissue-Specific
Assessment of CT Perfusion Parameters in Acute
Ischemic Stroke

Kemmling, A.1,2-Kamalian, S.1-Krumm, R.2-Payabvash,
S.1-Souza, L.1-Lev, M. H.1

1Massachusetts General Hospital, Boston, MA,
2University of Munster, Munster, GERMANY

PURPOSE

Dynamic CT-perfusion (CTP) frequently is used in acute
stroke imaging; however, there is need for further
standardization of this technique for reliable
quantification of tissue at risk. Perfusion thresholds to
identify salvageable tissue have been established, but
there is evidence for significantly different regional
ischemic vulnerability. The purpose of this study was to
present a robust algorithm for fully automated
assessment of regional tissue-specific CT perfusion
(CTP) parameters in acute ischemic stroke.

MATERIALS & METHODS

Acute stroke imaging (native CT and dynamic CTP) was
performed in 83 consecutive acute middle cerebral
arterial strokes on a 128-slice CT scanner (Somatom
Definition AS+, Siemens Medical Solutions). Regional
CTP assessment was performed by an automated
routine (Figure 1): (1) Robust nonlinear registration of
CTP maps to MNI-152 space regardless of brain
coverage was accomplished by registration of native CT
to the anatomical CT perfusion image followed by
inversion of the transformation matrix (CTPtoCT). The
matrix CTPtoCT and nonlinear warpfield CTtoMNI were
concatenated (CTPtoMNI). The warpfield CTPtoMNI
was applied to perfusion maps. (2) Probabilistic atlases
(Harvard-Oxford structural atlas) and highly refined
probabilistic white and gray maps (in-house
development) were used to calculate regional brain
perfusion parameter. (3) Error correction excluded
nonsignificant voxels within cerebrospinal fluid and
vessels. (4) Automated relative and absolute CT
perfusion values were calculated and compared to
selected manually traced perfusion values for reference.

RESULTS

Registration between perfusion maps and standard
space was robust and reliable. Automated and manually
obtained brain perfusion values were not significantly
different; the average difference was less than 4.3% (SD
3.1%; p < 0.01). Figure 2 shows regional and tissue-
specific assessment of perfusion parameters.



FIG1: Standardized and automated calculation of regional perfusion parameters

WY v ) ‘, : ! Standard brain space with overlay of
' . . . " anatomical probability atlas
(probability cloud of left thalamus and
insula as example)

warp field for transformation
between standard space and
case specific space

“Mean transit time“ within
Automated calculation of regional probability space of

3
perfusion parameter thalamus or insula

FIG2: Assessment of relative and absolute white matter and gray matter perfusion parameters

CONCLUSION

The presented algorithm is robust and reliable and may
be used to address the need for automated user
independent assessment of regional perfusion
parameters in acute stroke.

KEey WoRDs: Stroke, CT perfusion, software
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Pretreatment CT Angiography Source Image
ASPECTS’ Impact on Outcome in Endovascularly
Treated Stroke Patients: Preliminary Results from
the Penumbra START Trial
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V.16:Shaibani,  A.!7-Harrigan, M. R.18-]Jovin, T.
G.19-Madison, M. T.20-Chaudhry, Z. A.2-Gonzalez, R.
G.2-Barraza, L.21-Sit, S. P.21-Bose, A.2l:for the START
Investigators

1Swedish Medical Center, Englewood, co,
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PURPOSE

CT remains the most widely used modality for stroke
evaluation, and ischemic change on noncontrast CT
(NCCT) using ASPECTS has been demonstrated to
predict clinical outcome to endovascular therapy (EVT).
However, there is no standard imaging approach to
select patients for EVT and data is lacking on the
influence of pretreatment ASPECTS (pre-ASPECTS)
from CTA source image (CTA SI) on outcomes following
EVT.

MATERIALS & METHODS

START was a prospective multicenter study to evaluate
the impact of pretreatment core infarct size in patients
undergoing EVT with the Penumbra System. The
imaging approach included NCCT, CTA SI, CT perfusion
or MRI diffusion imaging. This study focused on the CTA
SIresults. ASPECTS was graded in a blinded fashion and
analyzed according to a priori classification (0-4, 5-7, 8-
10) and the entire scale. Clinical outcomes were
dichotomized as 90-day modified Rankin Scale scores
(mRS) of 0-2 (good) vs 3-6. Univariate and multivariate
analyzes were performed to determine predictors of
outcome.

RESULTS

Of the 145 patients enrolled, 56 met study criteria for
this preliminary analysis. Mean age was 65.5 + 14.2
years; median NIHSS was 19.5 (14-24). There were 30
(53.6%) females, and target vessel occlusions were in
the ICA (n = 14), MCA M1 and M2 segments (n = 41).
The median pre-ASPECTS on CTA SI was 6 (4.5-7).
There were 14 (25%) patients with scores of 0-4, 34
(60.7%) with 5-7, 8 (14.3%) with 8-10. The rate of TIMI
2-3 revascularization was 87.3% (48/55). The median
time from groin puncture to end of aspiration was 73.5
(40-108) minutes. Twenty-seven (48.2%) patients
achieved a good 90-day outcome. Fifteen (26.8%) died.
Only one (1.8%) patient had symptomatic hemorrhage.
Higher pre-ASPECTS on CTA SI was associated with
good outcomes (mRS 0-2) [median 6 (IQR 5-7) vs 5 (IQR
3-7), p<0.05]. The rate of good outcomes was 21.4% for
ASPECTS 0-4, 55.9% for 5-7, and 62.5% for 8-10 (p =
0.08). Adjusting for age and NIHSS, pre-ASPECTS was an
independent predictor of good outcome (OR 1.5,
p<0.04). In ROC analysis, ASPECTS >4 was the optimal
threshold for identifying good outcomes (89%
sensitivity, 38% specificity). Other univariate predictors
of good outcome were lower age (p = 0.02), lower
NIHSS (p = 0.02), more distal occlusion (p<0.05) and
shorter time from groin puncture to stopping aspiration
(p=0.02).
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CONCLUSION

These preliminary results show that higher
pretreatment ASPECTS on CTA source images is
associated with better outcomes following endovascular
therapy. Comparative studies versus NCCT ASPECTS are
necessary to determine their relative accuracy for
outcome prediction.

KEey WORDs: Stroke, penumbra, ASPECTS
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Poor Collateral Status on Timing-Invariant CT
Angiography Is a Strong Predictor of Poor Clinical
Outcome of Acute Large Vessel Occlusion Stroke
Patients

Smit, E. J.1-Vonken, E. ].1-van Seeters, T.1-Dankbaar, J.
W.1-Van Der Schaaf, I. C.1-Van Ginneken, B.2-Velthuis,
B.t-Prokop, M.2

1UMC Utrecht, Utrecht, NETHERLANDS, 2Radboud
University Nijmegen Medical Centre, Nijmegen,
NETHERLANDS

PURPOSE
To assess whether timing-invariant CTA (TI CTA),
which is insensitive to delayed contrast arrival, displays
collateral arteries that are not visible on standard CTA,
and compare their predictive values on clinical
outcome.

MATERIALS & METHODS

We selected 40 consecutive ischemic stroke patients
with unilateral ICA and/or MCA occlusion from our
clinical database. Standard CTA and CT perfusion (CTP)
data were acquired at admission on a 128 detector row
scanner. The CTP source images were used to
reconstruct TI CTA. Clinical outcome data (modified
Rankin Scale, mRS) after three months were available.
Good clinical outcome was defined as mRS <2 and poor
clinical outcome as mRS >2. Four experienced observers
individually assessed collateral status on CTA and TI
CTA in a blinded and randomized manner. Collateral
status was rated good if 250% of collaterals were
present and poor if <50% were present compared to
the contralateral hemisphere. Scores were compared
with a McNemar test (p<0.05).

RESULTS
Collateral status was rated as being good on standard
CTA in 49% of cases compared to 84% of cases on TI
CTA (p<0.001). Of those patients rated with poor
collateral status on standard CTA, 32% had good
collateral status on TI CTA. Poor collateral status on TI
CTA had a predictive value of 100% for poor outcome
compared to only 69% for CTA. Good collateral status
was a weak predictor of good clinical outcome for both
standard CTA and TI CTA (64% and 56%, respectively).
Patient with left MCA occlusion and good outcome (mMRS=1)
Standard CTA

Timing-Invariant CTA

CONCLUSION

Poor collaterals status on timing-invariant CTA is a
strong predictor of poor clinical outcome in acute large
vessel occlusion stroke patients. Timing-invariant CTA
shows collaterals that are not visible on standard CTA
due to delayed contrast arrival.

KEeY WoRDSs: CT perfusion, collaterals, stroke
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Time-Resolved Intracranial CT Angiography Allows
More Reliable Quantification of Intravascular
Thrombus than Conventional CT Angiography

Frolich, A. M. ].l-Schrader, D.1-Schramm, R.1-Klotz,
E.2:Knauth, M.1:Schramm, P.1

1University Medicine Gottingen, Gottingen, GERMANY,
2Siemens AG, Healthcare Sector, Computed Tomography
H IM CR R&D PA, Forchheim, GERMANY

PURPOSE

In acute stroke patients with intracranial vessel
occlusion, the location and extent of intravascular
thrombus correlates with clinical and imaging outcomes
and recently has been used to predict the success of
intravenous thrombolysis. We hypothesized that four-
dimensional, time-resolved CT angiography (4D CTA)
reconstructed from whole-brain perfusion CT is more
reliable than conventional arterial-phase CTA in
assessing intracranial thrombus burden.

MATERIALS & METHODS

Among 104 consecutive patients with angiographically
proven anterior circulation arterial occlusion, whole-
brain 4D CTA (45s total scan duration, 9.6 cm z-axis
coverage) and bolus-triggered, arterial-phase CTA were
available in 43 cases. For 4D CTA, temporal maximum
intensity projections (tMIP) were calculated, combining
all 30 individual spiral scans of the perfusion CT data



set into one CT volume. Intravascular thrombus extent
was assessed with a previously described,
semiquantitative clot burden score (CBS, 0-10; where 0
= complete infraclinoid ICA to distal MCA occlusion and
10 = patent vasculature). In patients with sufficient
collateral flow, the length of the filling defect was
measured on axial source images and coronal maximum
intensity projections.

RESULTS

Estimates of intravascular thrombus extent obtained
from 4D CTA tMIP (median CBS: 8, interquartile range:
6-8) were significantly lower than those obtained from
single-phase CTA (median CBS: 6, interquartile range:
4-7; p < 0.01). Due to insufficient collateral flow, raters
were unable to define the distal thrombus end in eight
patients on CTA (18.6%) vs two patients on 4D CTA
(4.7%). Mean length of the filling defect was
significantly lower for 4D CTA (mean: 14.7 mm, SD: 8,8
mm) than for single-phase CTA (mean: 18.0 mm, SD: 8,0
mm; p =0.01).

CONCLUSION
In acute stroke patients undergoing multimodal CT,
analysis of 4D CTA (Fig. 1, B) offers a more reliable and
narrow estimation of intravascular thrombus extent
than conventional arterial-phase CTA alone (Fig. 1, A).
As there is no current gold standard for assessing clot
burden and thrombus length, further research is
necessary to validate our findings and assess the use of
4D CTA in predicting outcomes and success of different
recanalization strategies.

KEY WoRDS: Stroke, CT perfusion, CT angiography

0-25 11:10 AM - 11:18 AM

Gray and White Matter CT Perfusion Thresholding
for Outcome Prediction in 114 Patients with Acute
Ischemic Stroke

Eilaghi, A.2-Lee, T. Y.:Jakubovic, R.2:Swartz, R.
H.2-Djalilvand, A.2-Aviv, R. 1.2

1Robarts Research Institute, UWO, London, ON,
CANADA, 2Sunnybrook Health Sciences Centre, Toronto,
ON, CANADA

PURPOSE

CT perfusion (CTP) isbeing evaluated increasingly to
predict tissue fate in ischemic stroke although few large
series report discrete thresholds for gray (GM) and
white matter (WM). The purpose of this study is to
define and evaluate the performance of baseline CTP-
derived GM/WM thresholds for distinction of infarct
versus noninfarct in a large cohort utilizing an
automated GM/WM tissue probability map.

MATERIALS & METHODS

Baseline noncontrast CT (NCCT) and CTP (CTP5, GE
Healthcare, Waukesha, WI) imaging of 114 stroke
patients within 4.5 hours of anterior circulation stroke
onset were obtained. Recanalization was determined by
CTA at 24 hours. Traced baseline CBV and 5-7 day
FLAIR MRI ROIs defined the core and final infarct
respectively. Baseline CTP TMAX ROI defined tissue at
risk. Gray matter/WM tissue binary masks/ROIs were
generated automatically by thresholding SPM8-derived
probability maps and manually checked by an
experienced neuroradiologist. Mirror ROIs were
obtained from the contralateral GM and WM regions.
Average CTP, FLAIR images, GM/WM tissue probability
maps and all ROIs were coregistered with baseline
NCCT using SPMS8. Performance for tissue-specific
thresholds to predict infarct was determined for GM
and WM using a receiver operator characteristic curve
(ROC) technique.

RESULTS

The mean * SD age of 114 patients was 69 + 14 years;
56 male (49%). Intravenous rtPA was administered in
89 patients (78%) and recanalization occurred in 59
patients (49%). Infarct was right hemispheric in 55
patients (48%). Gray matter CBF and CBV were
significantly different for all regions compared to WM
(p<0.001). Expectedly, no significant WM/GM
differences were found for MTT (p = 0.214-0.404) or
Tmax (p = 0.396-0.56). Core, penumbra and benign
oligemic regions were significantly different from each
other for all perfusion parameters (p<0.001). Relative
CBF thresholds best distinguished infarct from
noninfarct for GM and WM demonstrating an area
under the curve (AUC) of 0.85 and 0.83 respectively
followed by absolute CBF, relative CBV and Tmax (Table
1).

Table 1: GM and WM thresholds for predicting total
infarct versus noninfarct using 114 patients

GM Abs. 13.51 0.83
Rel. 0.5 0.85
CBF
WM Abs. 8.76 0.76
Rel. 0.53 0.83
GM Abs. 1.11 0.65
Rel. 0.77 0.81
CBV
WM Abs. 0.71 0.65
Rel. 0.84 0.80
GM Abs. 7.00 0.61
Rel. 1.56 0.61
MTT
WM Abs. 7.00 0.58
Rel. 1.4 0.58
GM Abs. 5.50 0.77
Rel. 1.88 0.77
TMax
WM Abs. 5.50 0.71
Rel. 1.64 0.71
CONCLUSION

Significant different thresholds are demonstrated for
infarct prediction for GM and WM emphasizing the need
for independent consideration in predictive models. The



10

best discriminator between infarct and noninfarct is
relative CBF.

Key WoRDs: CT perfusion, infarct prediction, gray and
white matter
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Extended Brain Perfusion CT in the Detection of
Crossed Cerebellar Diaschisis in Acute Ischemic
Stroke

Das, T.1-Thomas, 0. M.1.2-Antoun, N. M.1-Scoffings, D. ].1

1Cambridge University Hospitals NHS Trust, Cambridge,
UNITED KINGDOM, 2University of Cambridge,
Cambridge, UNITED KINGDOM

PURPOSE

Crossed cerebellar diaschisis (CCD) following
supratentorial stroke is characterized by reduced blood
perfusion in the contralateral cerebellar hemisphere,
thought to be consequent to disruption of afferent
inputs in cerebropontocerebellar pathways. Although
reported in the context of PET, SPECT and MR brain
perfusion studies, the detection rate during CT
perfusion studies in the hyperacute or acute setting is
not known.

MATERIALS & METHODS

Extended brain (100 mm coverage) perfusion CT
studies of 67 out of 127 consecutive patients that
presented with stroke-like symptoms during a 9-month
period were analyzed retrospectively. Patients with
non-MCA territory deficits or confirmed vertebrobasilar
disease were excluded, as were studies that lacked
coverage of the cerebellum or were otherwise of
insufficient quality. Ten cases with no evidence of
perfusion deficit and confirmation of an alternative
diagnosis such as hemiplegic migraine were used as a
control cohort. Cerebral blood flow (CBF), volume
(CBV), mean transit time (MTT), time to peak (TTP) and
time to drain (TTD) maps were calculated for each
patient. In 57 cases with MCA territory ischemia or
infarction, ROIs placed in the cerebellar hemispheres
ipsilateral and contralateral to the affected MCA
territory were used to measure CBF. A cerebellar
asymmetry index (Al) was calculated for each case as
[(Ipsilateral CBF - Contralateral CBF)/Mean CBF]. A
threshold for hypoperfusion was defined as a CBF Al 2
standard deviations (2 SD) greater than the Mean CBF
Al of the control cohort. Cases with an Al above this
threshold were grouped as those demonstrating CCD.
Asymmetry indexes for CBV, TTP, TTD and MTT were
calculated in a similar manner. The Alberta Stroke
Program Early CT Score (ASPECTS) was used to indicate
the volume of affected tissue in the MCA territory on
perfusion maps.

RESULTS

The mean CBF Al in the control cohort was -0.3% (SD
6.2%). Thus, a threshold of 12.1% (2 SD above the
mean) was used to define cerebellar hypoperfusion.
Thirty-seven per cent (21/57) of cases demonstrated
cerebellar  hypoperfusion in the  hemisphere

contralateral to the affected MCA territory, consistent
with CCD. Of these, 86% (18/21) also demonstrated an
increase in TTP, TTD or MTT. Thirty-eight per cent
(8/21) had reduced CBV but no evidence of cerebellar
infarction of subsequent imaging. There was no
significant difference in volume (as defined by
ASPECTS) of ischemic tissue, infarcted tissue or
ischemic penumbra between cases with or without CCD.
Interestingly, two patients with lacunar infarcts
confirmed by subsequent diffusion-weighted MRI
demonstrated clear CCD.

CONCLUSION

Extended brain perfusion CT can demonstrate the
presence of crossed cerebellar diaschisis in the
hyperacute or acute setting. The presence of CCD is
unrelated to supratentorial ischemic volume and can
occur in the context of lacunar MCA territory infarction.
In such cases, cerebellar hypoperfusion due to crossed
cerebellar diaschisis may be indistinguishable from
cerebellar ischemia.

KEeY WORDSs: Crossed cerebellar diaschisis, CT perfusion
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Perfusion Imaging Predicts Outcome in Transient
Ischemic Attack and Minor Stroke: A Prospective
Derivation-Validation Study

Asdaghi, N.!-Coulter, ]. [.2-Modi, ].2-Qazi, A.2-Goyal,
M.2-Butcher, K. S.3:-Demchuk, A. M.2-Hill, M. D.2:Coutts, S.
B.2

1University of British Columbia, Vancouver, BC,

CANADA, 2Calgary Stroke Program, Calgary, AB,
CANADA, 3University of Alberta, Edmonton, AB,
CANADA
PURPOSE

Patients presenting with transient or minor ischemic
symptoms (TIA/MIS) are at risk for early deterioration.
Identification of those at highest risk for progression
may justify more aggressive acute reperfusion
treatments. We tested the hypothesis that baseline
perfusion (PWI) - diffusion (DWI) mismatch predicts
clinical deterioration and infarct growth on follow-up
imaging in this population.

MATERIALS & METHODS

Patients with TIA/MIS (NIH Stroke Scale < 3) were
enrolled prospectively and imaged within 24 hours of
symptom onset as part of two sequential prospective
imaging studies. All patients had clinical follow up.
Baseline DWI and PWI (tmax+4s delay) and follow-up
FLAIR infarct volumes [day 30 (derivation), day 90
(validation) cohort] were measured. Mismatch volumes
were calculated as (Tmax+4s delay) - DWI lesion
volume. Primary outcome was infarct growth on FLAIR
imaging which was defined a priori as growth of at least
2.0 ml. Secondary outcome was clinical progression.

RESULTS
One hundred thirty-seven patients were included in the
derivation and 281 patients in the validation cohorts.
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The rates of DWI (54% vs 56%, p = 0.67) and PWI
lesions (42% vs 34.5%, p = 0.16) at baseline were
similar between the cohorts. The median time between
symptom onset and baseline imaging was significantly
shorter in the derivation (9.2 h, IQR=9.4) relative to the
validation sets (15.1h, IQR=12.5 p<0.001). More
patients had follow-up imaging in the derivation (87%)
compared to the validation (76%) cohort (p = 0.021).
Primary and secondary outcome occurred in 18.5% and
9.5% in the derivation and 5.5% and 4.6% in the
validation cohort. In the derivation cohort, baseline
mismatch volumes adjusting for age, sex and time from
symptom onset to MRI significantly predicted
radiographic progression [OR = 1.06 (1.03-1.09),
p<0.001]. The optimal threshold for maximizing
sensitivity (Sen) and specificity (Spec) in predicting
infarct growth occurred at a mismatch volume of 10ml;
which correctly predicted infarct expansion with 82%
(Sen) and 91% (Spec) [Area under the curve (AUC) =
0.89 (0.80-0.98)]. In the validation cohort, this
threshold was highly predictive of radiologic
progression (p = 0.011, McNemars test). Linear
regression showed that for every 10 ml of mismatch,
there would be 2.5 ml infarct growth on day 30 FLAIR
(R=0.80, p<0.001) (derivation set) and 1.1 ml of growth
on day 90 FLAIR (R = 0.22, p<0.001) (validation set).
Baseline mismatch showed a high discriminative value
in predicting clinical deterioration in the derivation
[AUC = 0.81 (0.67-0.96)] and moderate value in the
validation cohort [AUC = 0.66 (0.46, 0.85)].

CONCLUSION

In a population of patients with minor stroke and TIA,
early MR perfusion-diffusion mismatch predicts infarct
growth and clinical progression. These findings suggest
that there may be a group of patients with minor
symptoms in whom reperfusion strategies may be
beneficial.

KEey WoRDS: TIA/minor stroke, perfusion imaging, MR
imaging
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Diffusion-Weighted = Imaging Reversal after
Thrombolysis in Acute Stroke Patients: A MR
Correlate of Early Neurologic Improvement
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Bichat, Paris, FRANCE, 3Université Sorbonne Paris-Cité,
Paris, FRANCE, 4General Electric Healthcare, Buc,
FRANCE

PURPOSE

Diffusion-weighted imaging (DWI) commonly is
considered a reliable marker of irreversible ischemia,
although this view is challenged by reports on DWI
lesion reversal. Recent pooled data from two
prospective studies of patients imaged 3-6 hours after
stroke onset suggest that the amount of DWI reversal is
small and hence unlikely to be clinically relevant. Our

aim was to assess the prevalence, determinants and
association with clinical outcome of reversible acute
DWI lesions (RAD) in a large sample of patients treated
by recanalization therapy within 4.5 hours after stroke
onset.

MATERIALS & METHODS

Reversible acute DWI lesions were defined as baseline
DWI lesions not incorporated into 24-hour DWI lesions.
Reversible acute DWI lesions were determined both
qualitatively by visual inspection and quantitatively by
voxel-based comparison of coregistered initial and 24-
hour follow-up DWI in 176 consecutive patients treated
with recanalization therapy <4.5 hours after stroke
onset. The association between the extent of RAD and
each pre/posttreatment clinical and imaging variables
was tested. The association with early neurologic
improvement (ANIHSS=8 or NIHSS=0-2 at 24 hours)
was assessed in multivariate analysis, and independent
variables were tested further on excellent functional
outcome, defined as modified Rankin Score <1 at
hospital discharge.

RESULTS

Reversible acute DWI lesions were observed in 89
(50%) of patients. When present, the median (IQR)
proportion of RAD voxels was 35% (18-65) of baseline
DWI lesion, with a median (IQR) volume of 8mL (3-18).
However, subtracting the volume of RAD from the initial
DWI lesion altered the classification in PWI-DWI
mismatch in only 5 of 100 patients with PWI, who
shifted from “no mismatch” to “mismatch”. The
proportion of RAD voxels was significantly greater in
patients treated within the first 3 hours than for others
(p<0.05), for patients with distal/no occlusion than for
those with proximal occlusion (p<0.01), and for patients
with subsequent recanalization (p<0.01). Early
neurologic improvement was associated independently
with age, recanalization, and most importantly with the
presence of RAD [adjusted-OR = 5, CI95% (2.3-13),
p<0.01]. This association increased linearly with the
extent of RAD. Reversible acute DWI lesions were also
independently associated with an excellent outcome
(p<0.01).

CONCLUSION

Diffusion-weighted imaging reversal is common, albeit
rarely complete, in stroke patients treated within the
first 4.5 hours, and is strongly associated early
neurologic improvement. These findings confirm that
acute DWI lesions may contain symptomatic ischemic
penumbra, (i.e, potentially salvageable tissue).
However, with respect to clinical practice the impact of
DWI lesion reversal on mismatch classification was
minimal.

Key WORDS:
prediction

Stroke, diffusion-weighted imaging,
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Diffusion-Weighted Reversal Is Associated with
Small Infarct Volume and Early Reperfusion in
Patients with Transient Ischemic Attack and Minor
Stroke

Asdaghi, N.1:-Coulter, ]J. [.2-Modi, J].2-Qazi, A.2-Goyal,
M.2-Butcher, K. S.3-Demchuk, A. M.2-Hill, M. D.2-Coutts, S.
B.2

1University of British Columbia, Vancouver, BC,

CANADA, 2Calgary Stroke Program, Calgary, AB,
CANADA, 3University of Alberta, Edmonton, AB,
CANADA
PURPOSE

One third of patients with TIA and minor ischemic
stroke (MIS) have evidence of ischemic penumbra,
defined as hypoperfused regions that have not been
damaged irreversibly. Diffusion-weighted imaging
(DWI) lesions are thought to represent irreversibly
damaged tissue. Diffusion-weighted imaging reversal
therefore has implications in accurate estimation of
penumbra. We aimed to determine the rate of DWI
reversal in this population.

MATERIALS & METHODS

Patients with TIA/MIS (NIH Stroke Scale < 3) were
enrolled prospectively and imaged within 24 hours of
symptom onset as part of two prospective imaging
cohorts. Patients were included if their baseline
modified Rankin scale (mRS) score was <1. All patients
were followed clinically for 3 months and had a repeat
MRI either at day 30 or 90. Baseline diffusion and
perfusion lesions and follow-up FLAIR final infarct
volumes were measured.

RESULTS

Four hundred eighteen patients were included; 55.5%
had DWI lesions and 37% had PWI (Tmax + 2s delay)
deficits at baseline. A total of 337 (81%) patients had
follow-up imaging. Diffusion-weighted imaging reversal
occurred in 22/192 (11.5%) of patients who had a
diffusion lesion at baseline. The median time from
symptom onset to follow-up imaging was not
significantly different between those with or without
DWI reversal (78.6 days, IQR = 33.3 vs 79.7 days, IQR =
59.4, p = 0.65). The median DWI lesion volume was
significantly smaller in those with reversal (0.27 ml, IQR
= 0.75 ml) compared to those who did not reverse (1.45
ml], IQR = 3.8 ml, p<0.001). Patients with concurrent
perfusion deficits (Tmax+2s) were significantly less
likely to have DWI reversal (6%) compared to those
without evidence of tissue hypoperfusion (20%; p =
0.003). Diffusion-weighted imaging reversal occurred in
4% of patients with penumbral patterns [(Tmax + 2s)-
DWI] and 18% of those without penumbra (p = 0.003).
Severity of hypoperfusion defined as greater
prolongation of Tmax (+2,+4, +6, +8s) did not affect the
likelihood of DWI reversal (linear trend p = 0.147). No
patient with DWI reversal had a mRS of 22 at 90 day,
compared to 19% of those with evidence of infarction
on follow-up imaging (p = 0.02).

CONCLUSION

Diffusion-weighted imaging reversal is common in
patients with TIA/MIS and is more likely to occur in
those with smaller baseline lesions without concurrent
tissue hypoperfusion. Diffusion-weighted imaging
reversal therefore should not have a significant effect
on the accuracy of penumbra definition. These data
suggest early reperfusion is correlated with DWI
reversal and better clinical outcome as measured by
mRS.

KeEy WoOoRDs: DWI
TIA/minor stroke

reversal, perfusion imaging,
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Diffusional Kurtosis Imaging Assessment of Motor
Impairment in Stroke Patients

Helpern, ]. A.-Hui, E.-Bonilha, L.-Tabesh, A.-Feng,
W.-Adams, R./Jensen, .

Medical University of South Carolina
Charleston, SC

PURPOSE

Diffusion tensor imaging (DTI) has been used to
correlate the structural integrity of the corticospinal
tracts with motor function impairment after stroke.
Diffusion tensor imaging, however, is based on a
Gaussian approximation of water diffusion distribution,
which limits its ability to characterize complex cerebral
tissue microstructure, such as that found in crossing
white matter fiber bundles. Diffusional kurtosis imaging
(DKI) is a new clinically feasible extension of DTI, which
characterizes non-Gaussian diffusion by estimating the
diffusional kurtosis. Here we investigate whether DKI
can provide a better assessment of motor impairment
than DTI in patients with acute ischemic stroke.

MATERIALS & METHODS

Acute ischemic stroke patients (N = 10, 11.25 - 53 hours
postonset) were studied. Motor impairment was
measured using the Fugl-Meyer Motor Scale (FMMS)
with a lower FMMS indicating more severe motor
impairment. MR imaging was performed with a 1.5 T
Siemens Avanto scanner. Diffusional kurtosis imaging
data were acquired with three b-values (0, 1000 and
2000 s/mm?2) along 30 encoding directions using single-
shot twice-refocused EPI (NEX = 1). Other parameters
were: matrix = 74 x 74, 3 mm isotropic resolution,
TR/TE = 5500/99 ms, BW/pixel = 1325 Hz. Fractional
anisotropy (FA), mean (MD), axial (Da) and radial (Dg)
diffusivity along with mean (MK), axial (Ka) and radial
(Kr) kurtosis were estimated using in-house software.
Images were normalized to a T1-weighted template and
segmented into gray and white matter masks.
Corticospinal tracts, comprising the superior corona
radiata, posterior limb of the internal capsule and
cerebral peduncle, on the lesional hemisphere were
segmented for each patient. All pixels within the tracts
were averaged and the Pearson correlations with FMMS
scores were calculated.
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RESULTS

None of the DTI metrics demonstrated a significant
correlation with FMMS score. The DKI metric of axial
kurtosis (Ka), however, demonstrated a significant
negative correlation (r = -0.89 and p = 0.0005) with
FMMS score consistent with compromised tract
integrity (Figure 1). Other diffusion metrics, including
FA (Figure 1), did not demonstrate significant
correlations. One explanation for these results is that
diffusional non-Gaussianity measured with DKI allows
for a more general and complete characterization of
complex microarchitecture compared with DTI, which is
limited by an assumption of Gaussian diffusion that fails
to capture the full diffusional dynamics of complex
media.
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Figure 1: Correlation between the measurements of FA and Axial Kurtosis in the corticospinal
tracts versus the FMMS. Lower score indicates more severe motor impairment.

CONCLUSION

The current study demonstrates for the first time that
the measurement of structural integrity of corticospinal
tracts using diffusional kurtosis metrics significantly
correlates with stroke patient’s motor impairment in
the acute phase.

Key WoRbDs: Stroke, diffusion MR imaging, motor
impairment
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Selection of an Arterial Input Function Distal to
Vasospasm Does Not Affect CT Perfusion Data in
Aneurysmal Subarachnoid Hemorrhage

Shin, B.Anumula, N.-Ferrone, A.-Masi,
R.-Spandorfer, R.:Rua, S.-Sanelli, P. C.

Weill Cornell Medical College
New York, NY

P.-Campbell,

PURPOSE

The postprocessing of CT perfusion (CTP) maps relies
on the appropriate selection of an arterial input
function (AIF). The purpose of this study is to determine

whether selecting an AIF distal to vasospasm affects the
quantitative cerebral blood flow (CBF), cerebral blood
volume (CBV), and mean transit time (MTT) values in
aneurysmal subarachnoid hemorrhage.

MATERIALS & METHODS

A retrospective analysis of 20 consecutive CTP exams
was performed in 17 patients with aneurysmal
subarachnoid hemorrhage. CT perfusion exams were
included if at least one first order cerebral arterial
segment (Al or M1) had vasospasm in order to select
the AIF distal to both vasospasm and nonvasospasm
vessels within the same patient. Vasospasm was
determined by the CT angiogram performed during the
same acquisition time as CTP. Each CTP was
postprocessed several times using standardized
methods, only varying the selection of the AIF distal to
both vasospasm and nonvasospasm arteries. Region-of-
interest (ROI) analysis of the cortex was performed in a
standardized fashion to acquire quantitative CTP values.
Quantitative data for CBF, CBV and MTT were compared
for AIF selection distal to vasospasm and nonvasospasm

arteries. Paired-samples t-test was performed for
statistical analysis; threshold for significance was
defined as p<0.05.

RESULTS

All  patients presented with acute aneurysmal
subarachnoid hemorrhage on CT imaging. Median age
was 53 years. The average thickness of subarachnoid
hemorrhage was 7.55 mm, and 65% of imaging
demonstrated  intraventricular or  parenchymal
hemorrhage. The average Hunt-Hess score was 2.24 *
.83 (STDev). The average number of days between
clinical presentation and the concurrent CTA/CTP study
was 9.96 + 4.51 (STDev). A total of 240 CTP maps were
evaluated, including 80 CBF, 80 CBV and 80 MTT maps.
The mean quantitative CBF, CBV, and MTT values and
standard deviations are shown in Table 1. There was no
statistically significant difference in the CTP values
when an AIF is selected in a vessel distal to vasospasm
compared to a nonvasospasm artery. Furthermore,
subgroup analysis of the mean quantitative CTP values
for each vascular territory (ACA, MCA, and PCA) also
revealed no significant differences in the CBF, CBV and
MTT values (Table 2).
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Table 1. Quantitative CTP values for AIF selection

Cerebral Blood Flow \(;ziil:xi-eal Blood Mean Transit Time
(mL/100gm/min) (mL/100gm) (seconds)
Std. p- Std. p- Std. p-
Mean |Deviatio |valu Mea Deviatio |valu Mea Deviatio |val
n e n e n ue
Nonvasospa 0.63 0.11 0.5
sm AIF 53.06 |15.01 9 2.59 0.69 2 4.84 091 56
Cerebral Blood Flow ‘C/iiﬁlr::l Blood Mean Transit Time
(mL/100gm/min) (mL/100gm) (seconds)
Mea Std.l - Mea Std.v - Mea Std.. )
Deviati Deviati Deviati |p-value
n value |n value |n
on on on
RACA
(Nonvasos 400 11.88 0.808 2.18 |0.59 0.688 5.10 |1.59 0.62169
1 84 16
pasm AIF)
RACA 396
(Vasospas 3' 9.69 2.17 |0.59 5.00 |1.92
m AIF)
R MCA
(Nonvasos 587 19.93 0.789 2.78 |0.67 0.504 4.80 [1.23 0.59343
5 91 61
pasm AIF)
RMCA 593
(Vasospas 7' 17.14 2.77 |0.67 4.70 (1377
m AIF)
RPCA
(Nonvasos 521 25.93 0.964 292 |1.21 0.351 5.48 |1.17 0.56820
6 00 38
pasm AIF)
RPCA 522
(Vasospas 7' 23.68 2.90 |1.16 5.36 |1.16
m AIF)
LACA
(Nonvasos 374 11.44 0.976 2.03 |0.61 0.749 4.98 [1.18 0.61295
3 97 27
pasm AIF)
LACA 373
(Vasospas 9' 11.22 2.03 10.60 4.89 |1.48
m AIF)
L MCA
(Nonvasos 570 17.53 0.899 2.59 |0.69 0.428 4.51 (0.98 0.58347
3 83 41
pasm AIF)
LMCA 572
(Vasospas 9' 14.71 2.58 10.68 4.42 |1.08
m AIF)
LPCA
(Nonvasos 425 15.37 0.942 2.34 |0.74 0.451 5.34 |1.02 0.66126
3 94 38
pasm AIF)
LPCA 426
(Vasospas 5' 14.53 2.33 10.70 525 |1.14
m AIF)
CONCLUSION

Placement of an AIF distal to vasospasm does not
significantly affect the quantitative CTP data in
aneurysmal subarachnoid hemorrhage. This
information is helpful in evaluating perfusion
abnormalities in patients with vasospasm involving
multiple vessels.

0-32 10:38 AM - 10:46 AM

Evaluation of the Impact of Major Dose Reduction
for Quantitative Brain Perfusion Studies Using a
Low-Dose Simulation Algorithm and Iterative
Reconstruction

Fardanesh, M.-Siegel, E.-Kouo, T.-Sterbis, K.

University of Maryland School of Medicine
Baltimore, MD

PURPOSE
Using a structured approach, we investigated the

minimum radiation dose required for quantitative brain
perfusion, while maintaining diagnostic accuracy. We
hypothesized that the regional nature of the flow
analysis may be more tolerant than other types of
imaging studies to radiation dose reduction.

MATERIALS & METHODS

CT brain perfusion studies were acquired on 10 patients
(8F, 2M; avg. age = 44.5 years, 18-70) using our routine
institution protocol (80kVp, 125mAs) on a 256-slice CT
scanner. The projection data were processed using a
specially designed low-dose simulation algorithm, to
generate datasets at 30%, 50%, and 70% dose
reduction (relative original acquisition) levels with
filtered back projection (FBP) reconstruction.
Additionally, four cases with 70% simulated dose
reduction were reconstructed using an iterative
reconstruction technique (iDose*, Philips Healthcare).
Quantitative perfusion parameters (MTT, CBF, CBV, and
TTP) were measured for regions-of-interest in the ACA,
MCA and PCA territories at the different dose levels
(original and simulated). The qualitative evaluation of
the low-dose simulated perfusion maps relative to the
original routine dose was performed by two
radiologists blinded to the dose-reduction level and
reconstruction technique. A five-point scale was used to
rate diagnostic confidence (0-25-50-75-100%). Data
were analyzed using the Wilcoxon signed-rank test
(reader scores) and Bland Altman analysis (quantitative
measurements).

RESULTS

Fifty percent dose reduction (relative to 80kVp,
125mAs) was achievable with no significant loss in
quantitative perfusion parameters, when using FBP.
The maps demonstrated different levels of dose
reduction acceptability (Map, Max-Dose-Reduction, p-
value; MTT, 50%, 0.181; CBF, 50%, 0.1; Summary Map,
70%, 0.371). A 70% dose reduction (relative to 80kVp,
125mAs) was achievable across all perfusion maps with
the application of the iterative reconstruction
technique. The diagnostic confidence scores were
similar between the low-dose iDose* reconstructions
(map, mean score: TTP, 3.8; CBF, 3.6; CBV, 3.8; MTT 3.5)
and the routine-dose FBP reconstructions (mean score
4). These were both substantially higher than the low-
dose FBP reconstructions (map, mean score: TTP, 1.5;
CBF, 2.8; CBV, 2.4; MTT 2.1).

CONCLUSION

Our study using low-dose simulations of clinical data
suggests that the accuracy of CT brain perfusion
assessment in evaluation of patients with acute stroke
seems to be less dependent on radiation exposure than
conventional anatomical brain imaging and that
application of iterative reconstruction can allow further
significant dose reductions of as much as 70% for CT
brain perfusion studies without compromising
diagnostic accuracy or confidence in evaluation of
patients with suspected acute stroke. We are not aware
of any prior studies that have determined the impact of
iterative reconstruction in a quantitative fashion using
automated image analysis and simulated exposure
reduction.
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Key WoORDSs: Brain perfusion CT, low dose, iterative
reconstruction

0-33 10:46 AM - 10:54 AM

Comparison of Arterial Spin Labeling and Dynamic
Susceptibility Contrast-Enhanced MR Perfusion in
Differentiating Tumor from Radiation Necrosis

Colantoni, W.-Bert, R. ].-Borges, M. T.

University of Colorado Anschutz Medical Campus
Aurora, CO

PURPOSE

MR contrast-enhanced susceptibility perfusion (CESP)
has demonstrated its utility in differentiating central
nervous system recurrent tumor from treatment-
related changes. Arterial spin labeling (ASL) perfusion
recently has been FDA approved for three MRI
manufacturers. Preliminary studies and vendor-
supplied literature suggest that ASL may be equal to
CESP in posttreatment tumor evaluation. We have
tested this hypothesis with a pseudo prospective
reevaluation of tumors where ASL and/or CESP were
obtained. Some cases now have a confirmed diagnosis.

MATERIALS & METHODS

IRB exemption was obtained to collect and reevaluate
tumor studies in our PACS database. Thirty-one
patients, 36 total studies were selected from the PACS
(McKesson) database where ASL (Philips, GE), and/or
CESP (Philips, GE, Siemens) had been performed. Cases
were stored in the teaching files section of the PACS
(McKesson) and reevaluated by two of three trained
neuroradiologists (each reading 2/3 of cases). Only
primary tumors previously subjected to chemoradiation
were evaluated. Most were glial tumors with two
anaplastic menigiomas and one lymphoid tumor.
Categorization used a 3 point scale: 1 = increased
perfusion/persistent  tumor, 2 = equivocal
perfusion/indefinite, 3 = decreased perfusion/
treatment necrosis. After independent scoring, data
were transferred to a single spreadsheet. Two
observers compared the prospective diagnosis to
confirmed diagnoses by pathology or follow-up imaging
demonstrating clear growth or necrotic
encephalomalacia. Observer concordance, technique
concordance and accuracy were scored.

RESULTS

Reader concordance, technique concordance and reader
accuracy are shown in Table 1. The figure below
demonstrates a typical case, where DSCP and ASL both
predicted recurrent tumor later confirmed by biopsy
and tumor growth. There were no completely
discordant reads between readers or between CESP and
ASL. Partial concordances, defined as one reader rating
of intermediate and another rating clearly tumor or
radiation necrosis, were few. Both ASL and CESP were
generally accurate, in those cases with current available
definitive diagnoses. The only clear error occurred in a
case where only CESP was used and tumor recurrence
was missed.

Table 1

Reader Concordance |Complete |Partial | Discordant
ASL 30/33 33/33 0/33
CESP 10/12 |12/12 0/12
g‘;‘ﬁcvosr_dca;;fe 9/11 |11/11 0/11
Accuracy ASL CSP EQ
Reader 1 11/11 5/6 1IND
Reader 2 12/12 3/4 2 IND
Reader 3 11/11 3/3

CONCLUSION
Arterial spin labeling perfusion has promise as a

reliable alternative to CESP in differentiating
recurrent/persistent neoplasm from radiation necrosis
and accurately supports low-grade tumor diagnosis. A
controlled prospective study is warranted.

KEeY WoRDS: ASL, perfusion, necrosis

0-34 10:54 AM - 11:02 AM

Non-Gaussian Diffusion Imaging of Normal Pressure
Hydrocephalus and the Effects of Microvascular
Disease

Eubig, J. A.-Johnson, G.-Babb, ]. S.:Golomb, ]. B.-George, A.
E.

New York University Medical Center
New York, NY

PURPOSE

Normal pressure hydrocephalus (NPH) is a debilitating
but treatable disorder that is characterized by
progressive gait apraxia, dementia and urinary
incontinence. Diffusional kurtosis imaging (DKI), an
extension of diffusion tensor imaging (DTI) which is
based on the nongaussian distribution of proton
diffusion, is believed to reflect neural tissue
microstructural complexity. We recently have
demonstrated in a pilot study that DKI is significantly
decreased in periventricular parenchyma of patients
with NPH (ASNR Award Paper 2011). However, the
relative contribution of chronic microvascular disease
(CMD), a commonly seen comorbidity in patients with
NPH, to alterations in DKI and DTI has not been studied.
We expanded our analysis to a larger group of patients
to include DKI and standard DTI metrics including
fractional anisotropy (FA). Correlations were
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investigated between
severity of periventricular
diffusion, and FA measures.

severity of hydrocephalus,
(CMD) and kurtosis,

MATERIALS & METHODS

Retrospective study of NPH patients (n = 36) compared
to age-matched normal controls (n = 34) with standard
diffusion tensor imaging (DTI) and DKI. All patients
were scanned at 1.5 T field strength (Siemens Avanto).
Regions of interest included the bilateral frontal and
parietal periventricular white matter, genu and
splenium of the corpus callosum, and bilateral posterior
limbs of the internal capsules. The severity of
hydrocephalus and CMD were graded on a 4-point scale.
T-test and Spearman correlation test were utilized for
analysis.

RESULTS

Normal pressure hydrocephalus patients relative to
normals demonstrated statistically significant decrease
in kurtosismean, Kurtosisradia, Kurtosisaxii, diffusionmean,
diffusionradial, diffusionaxia, and FA in all regions of
interest except the genu and splenium of the corpus
callosum. Decreases in all kurtosis metrics ranged from
10-25% with the greatest changes seen in kurtosisradial
(p<0.05). There was no correlation between degree of
ventriculomegaly and decrease in kurtosis. Decrease in
kurtosis strongly correlated with severity of chronic
CMD (p<0.005); however, statistically significant
decrease in kurtosis (p<0.05) also was noted among
NPH patients with no or minimal evidence of CMD with
the magnitude of change ranging from 5-26%.

CONCLUSION

The severity of CMD significantly correlated with
changes in kurtosis, diffusivity, and FA complicating the
assessment of the relative contribution of
hydrocephalus vs CMD to white matter kurtosis since
many NPH patients have coexisting CMD. Our study
however demonstrated significant differences in DKI
and DTI among patients without evidence for CMD
when compared to normal controls confirming that
NPH plays an independent role in altering white matter
integrity. Since kurtosis measurements are related to
overall tissue complexity, the significantly decreased
kurtosiSmean, Kurtosisradia, and Kurtosisaxia of the
periventricular and internal capsular white matter
tracts suggests a loss of mechanical integrity of the
corticospinal axons in NPH patients. Significant
increases in diffusionmean, diffusionradia, diffusionaxial
also suggest concomitant white matter edema. No
significant ~ correlation = between degree of
ventriculomegaly and kurtosis, diffusivity, or FA was
demonstrated.

Key WORDs: Normal pressure hydrocephalus, kurtosis,
microvascular disease
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Feasibility of a New Metal Artifact Reduction
Algorithm in the Noninvasive Follow Up with Flat-
Panel Angiographic CT after Coiling, Clipping or
Intracranial Stenting

Psychogios, M.-Knauth, M.

University Medicine Goettingen
Goettingen, GERMANY

PURPOSE
Flat-panel angiographic CT after intravenous
application of contrast media (ivACT) is used

increasingly as a follow-up examination after coiling,
clipping or intracranial stenting. Metal artifacts often
deteriorate image quality around the implanted objects,
especially around big coils, multiple clips or the
markers of the Wingspan stent. Purpose of this study
was to evaluate the feasibility of a new metal artifact
reduction algorithm (MARA) in the aforementioned
setting.

MATERIALS & METHODS

Fifteen patients were examined with ivACT 2 to 6
months after initial treatment. An intracranial
aneurysm had been treated with multiple clips in eight
cases, with coiling in two cases and two additional
patients had been treated previously with both
methods. Additionally, two patients were examined
after stenting of a MCA stenosis with a Wingspan stent
and one last patient after stent-assisted coiling. IVACT
was performed on a flat-panel detector equipped
angiography suite (Axiom Artis dBa, Siemens) after
intravenous application of 80 ml contrast media. The
uncorrected raw images then were transferred to a
prototype reconstruction workstation were the MARA
was applied. Two experienced neuroradiologists
examined both corrected and uncorrected images on a
commercially available workstation with a time break
of 2 weeks, to reduce recall bias.

RESULTS

Image quality around the implants significantly
improved after the application of the MARA. After
clipping, examiners could correctly assess the number
of the implanted clips and the patency of the parent
vessel on the corrected images, while extensive artifacts
limited the delineation of the clips and their
surrounding structures on uncorrected images.
Similarly, after coiling a small residual aneurysm could
be depicted on the corrected ivACT images; the same
case was tagged as "not diagnostic" on the uncorrected
images due to metal artifacts. Streak artifacts around
the markers of the Wingspan stent can be reduced with
the MARA, but the exact depiction of a stenosis still is
limited even on the corrected images. On the other
hand, the use of the MARA did not lead to a image
degradation in sections and slices beyond that of the
implanted materials. For example the cerebral
parenchyma on the opposite side of the implant could
be delineated equally well on both corrected and
uncorrected images. Small intracranial vessels, such as
the superior cerebellar artery or the anterior choroidal



artery were depicted equally good both before and after
correction. A restenosis within a small Wingspan stent
was shown sufficiently before and after application of
the MARA, demonstrating that the algorithm did not
reduce contrast or spatial resolution of the ivACT.

CONCLUSION

Use of the MARA in our study significantly reduced
artifacts around metallic implants on ivACT images and
allowed for delineation of the surrounding structures
(residual aneurysm, parent vessel, parenchyma). A
degradation of image quality on other parts of the
datasets could not be demonstrated after correction. An
implementation of this algorithm in a commercially
available angiography workstation could reverse or at
least significantly reduce the known limitations of
ivACT in the follow up of multiple clips, extensive coils,
etc.

Key WORDs: Metal artifact reduction, flat-panel
angiographic CT, noninvasive follow-up methods
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New Structure-Preserving Denoising Technique
Produces CT Head Images Comparable to Adaptive
Statistical Iterative Reconstruction at Identical
Reduced Radiation Dose

Stein, E. G.1-Golan, S. S.2-Ng, S.3-Tanenbaum, L. N.2

1Maimonides Medical Center, Brooklyn, NY, Z2Mount
Sinai Medical Center, New York, NY, 3Mount Sinai
Medical Center, Brooklyn, NY

PURPOSE

Low-radiation doses utilized for CT have high levels of
noise when reconstructed with filtered back projection
(FBP). Iterative reconstruction (ASIR) is a new
technique that reduces image noise. Another method of
noise reduction is structure-preserving denoising (SPD)
which can be applied to any CT image of any generation
or manufacturer. We evaluated quantitative and
qualitative measures of dose-reduced CT of the head
reconstructed with either FBP or ASIR, and FBP images
processed with SPD (FBP-SPD).

MATERIALS & METHODS

Nineteen head CT examinations performed using a
reduced radiation dose were processed using both FBP
and ASIR. A novel algorithm was applied to the FBP data
set (FBP-SPD). Signal-to-noise (SNR) and contrast-to-
noise ratios (CNR) for the datasets were calculated.
Qualitative assessment of each study for overall quality
and gray-white distinction was performed on a 4-point
scale (1-best, 4-worst) by two radiologists blinded to
the reconstruction method.

RESULTS

Compared to dose reduced FBP, SNR increased 31%
and CNR increased 29% with the FBP-SPD images. The
application ASIR increased SNR 15% and CNR 21%. The
neuroradiologists scored gray-white distinction at 2.5 *
0.6 for FBP, 1.8 + 0.4 for FBP-SPD, and 1.6 + 0.5 for
ASIR. Overall quality was scored at 2.4 + 0.5 for FBP, 1.5

+ 0.5 for FBP-SPD and 1.6 # 0.5 for ASIR. Gray-white
distinction and overall quality for the ASIR and FBP-SPD
images were statistically significantly better than for
the FBP images (p = 0.0001) but there was no
significant difference between ASIR and SPD images.

CONCLUSION

Structure-preserving  denoising is manufacturer
agnostic technique that produces images markedly
better than those reconstructed with FBP and
comparable in quality and gray-white distinction to
those produced using ASIR.

KEY WORDS: Postprocessing, radiation dose, CT
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Cerebrovascular and Functional MR Imaging with
the Blood Pool Agent Ferumoxytol: Initial
Experience in Normal Subjects

Zaharchuk, G.-Christen, T.-Qiu, D.-Ni,
W.-Schmiedeskamp, H.-Bammer, R.-Moseley, M. E.

Stanford University
Stanford, CA

PURPOSE

Long half-life or “blood pool” contrast agents potentially
could improve imaging contrast in a wide variety of
diseases. In particular, ferumoxytol (Feraheme, AMAG
Pharmaceuticals Inc.,, Cambridge, MA) is an ultrasmall
paramagnetic iron oxide particle compound recently
approved for human use as a treatment for iron-
deficiency anemia, but which has favorable contrast
agent features, including long intravascular half-life
(approximately 15 hours) and strong T2* shortening
effect. Herein, we report on our initial experience with
ferumoxytol in humans for cerebrovascular and
functional MRI (fMRI).

MATERIALS & METHODS

In this IRB-approved study, seven normal subjects
received ferumoxytol at multiple doses up to a
maximum of approximately 7 mg Fe/kg. High-
resolution (0.7 mm3 voxel size) T2 and T2* mapping
using multiecho SE and GE sequences was performed
before and after contrast administration. These images
were used to calculate molar relaxivity and to create
high-resolution CBV maps. During contrast injection (4
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ml injected at 1 ml/s), a lower resolution spin and
gradient echo (SAGE)-EPI sequence (TR 1800, 5 echoes
between 17 and 97 ms, 41 mm3 voxel size) was used to
track the bolus and create maps of CBV, CBF, and Tmax
using automated software (RAPID). An fMRI brain
activation paradigm (unilateral finger tapping 48 s
on/48 s off, 6 epochs) was performed pre and
postcontrast using a standard GE EPI pulse sequence
(TR/TE 2000/35 ms). Additional imaging was
performed in two subjects 6-24 hours following the
initial dose.

RESULTS

A marked reduction in T2* was identified following
ferumoxytol administration, which was about 1.5x
greater in gray matter compared with white matter.
Quantitative CBV maps in gray and white matter were
54 * 0.5% and 3.1 * 0.3%, consistent with prior
literature values. Signal-to-noise ratio was adequate to
create high-resolution CBV maps with voxel sizes of <1
mm3, in which fine vascular detail was visible. High
signal on heavily T2*-weighted images consistent with
low CBV was seen easily in a subcentimeter
periventricular white matter lesion (“UBO”) in one
volunteer 24 hours following contrast administration.
Cerebral blood flow, CBV, and Tmax maps created using
SAGE-EPI images during bolus passage demonstrated a
pattern consistent with the higher resolution steady-
state CBV maps. Functional MRI performed pre and
postcontrast demonstrated expected signal behavior
(i.e., positive signal change during tapping precontrast
consistent with the BOLD effect and negative signal
change postcontrast, consistent with the CBV response).
The CBV hemodynamic response time for functional
activation is approximately 20-30 sec, the first time this
has been measured in humans. Lastly, we believe that
the magnetic susceptibility difference between brain
and air is favorably affected by ferumoxytol
administration, resulting in decreased susceptibility
artifact and signal dropout over the anterior temporal
and inferior frontal lobes, characteristically difficult
regions to assess with conventional fMRIL

CONCLUSION

Ferumoxytol has many favorable properties for
measuring cerebral hemodynamics and functional
activation. High among them is the ability afforded by
the long blood half-life to increase the spatial resolution
of resultant maps by an order of magnitude, and
subsequently to characterize smaller lesions and
regions of activation more accurately than possible with
prior techniques.

Key WOoRDS: Ferumoxytol,
perfusion

functional MR imaging,
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Reduced Patient Radiation from Adaptive Statistical
Iterative Reconstruction Implementation for
Neuroradiology T Protocols

Shepherd, T. M.-Prasad, V. R.-Hess, C. P.-Gould, R.-Dillon,
W.P.

University of California San Francisco
San Francisco, CA

PURPOSE

Patient computed tomography (CT) radiation exposure
can be reduced by lowering tube current or changing
other acquisition parameters, but this can lead to
unacceptable degradation of diagnostic image quality.
Alternative CT data reconstruction methods, such as
Adaptive Statistical Iterative Reconstruction (ASIR)(GE
Healthcare) may be used to reduce image noise for low-
dose CT acquisitions in real time. We assessed the
radiation = reductions  associated  with  ASIR
implementation across all neuroradiology CT protocols
at our institution.

MATERIALS & METHODS

In autumn 2010, our neuroradiology section adapted
ASIR and increased noise index settings by consensus to
reduce patient dose for all neuroradiology protocols on
4 CT scanners. Multiple CT parameters including ASIR
and noise index, tube current, CT dose index and total
exam dose-length product (DLP) were compared in
consecutive cohorts of 25 patients for each protocol
before and after these changes.

RESULTS

CT protocol modifications for ASIR and noise index
were reached iteratively by consensus within the
section over a period of 3 months without difficulty.
Figure 1 demonstrates DLP reductions of 29-42% were
achieved for neuroradiology CT protocols after ASIR
implementation, including noncontrast head (“Head”),
contrast neck (“Neck”), pediatric head (“Peds”) and CT-
guided lumbar spine injections (“Proc”) (mean # SD, all
comparisons P < 0.01). Noncontrast CT head studies
(“Control”) from a scanner without ASIR capability
demonstrated no DLP change over the same period. DLP

for stroke and subarachnoid hemorrhage CT
angiograms (CTA) decreased 35% and 59%
respectively (P < 0.01) over the same time period. CT
angiography  protocol DLP  reductions  were

multifactorial with contributions from ASIR, as well as
reduced use of postcontrast and perfusion CT (e.g,
down 55% and 60% respectively for subarachnoid
hemorrhage CTAs).
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CONCLUSION

Previous studies have demonstrated dose reductions
with acceptable image quality for noncontrast CT head
studies. Our results demonstrate that new advanced CT
reconstruction algorithms, such as ASIR, can be used to
reduce patient radiation by 30-40% in most
neuroradiology CT protocols without reductions in
diagnostic accuracy. Alternatively, ASIR can be used to
improve image quality without dose penalty - for
example, we now use thinner slices with ASIR in our
low-dose noncontrast pediatric head without an
increase in radiation dose (161 * 41 mGy-cm). Newer
model-based iterative reconstruction algorithms may
lower CT radiation to patients even further.

KEY WORDS: Radiation, dose, ASIR
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High Quality Low Radiation Dose Unenhanced Head
Computed Tomography Using a Fourth Generation
Iterative Reconstruction Technique: Cadaver and
Clinical Studies

Lahiji, K.-Daly, B.-Fardanesh, R. M.-Kouo, T. C.-Mehta,
D.-Morales, R.-Steven, A.-Yang, Z.

University of Maryland
Baltimore, MD

PURPOSE

The recent introduction of iterative reconstruction (IR)
techniques for computed tomography (CT) allows for
potential reduction of radiation dose without loss of
diagnostic quality compared with conventional filtered
back projection (FBP) techniques at standard dose. We
investigated the use of a new fourth generation IR (IR4)
technique for radiation dose reduction in cadaveric and
clinical head CT studies.

MATERIALS & METHODS

Unenhanced head CT scans of two human cadavers
were scanned at standard and reduced dose levels
(19%-72% dose reduction) and image sets were
reconstructed using both FBP and 4th-generation IR
(IR4, iDose4, Philips Healthcare) to determine optimal
techniques. Subsequently unenhanced head CT scans of
40 patients were performed at 33-43% reduced
radiation level (120 kVp, 200 effective mAs) and image

sets were generated using the same IR4 and FBP
reconstruction techniques. IR4 was tested at different
strength applications determined by prior cadaveric
scan findings: Level 2 (30%), Level 3 (40%), and Level 4
(50%), corresponding to appropriate compensation for
increased image noise with incrementally greater dose
reduction. All reconstructions were subjected to
qualitative and quantitative analysis, using a recent
standard dose (120kV, 300-350 effective mAs) head CT
reconstructed with FBP in the same patient as a
reference. Overall image quality, gray-white matter
differentiation, posterior fossa and subarachnoid
conspicuity, and artifacts were blindly scored by three
neuroradiologists. Quantum noise was measured with
standard regions of interest at the cerebral cortex,
caudate head, and cerebellar hemisphere levels
bilaterally.

RESULTS

Mean qualitative reader scores for gray-white matter
differentiation, posterior fossa and subarachnoid
conspicuity, and artifact presence showed no significant
difference between low dose IR4 L2 and L3 datasets and
standard-dose FBP datasets. No significant difference
was seen for overall image quality in two of three
readers. IR4 L2 and L3 scored significantly better than
low dose FBP datasets for all criteria (P<0.05, Wilcoxon
rank test). Quantitative measurements of image noise
showed no significant difference between the IR4 L2 &
L3 datasets and the standard-dose FBP datasets. All IR4
levels had significantly lower noise than corresponding
low dose FBP datasets (P<0.05 ANOVA). Compared to
standard studies, mean CT dose index (CTDIvol) for low
dose IR4 head studies dropped from standard dose
level of 46.5 to 27.1 mGy, (brain dose from 40.8 to 25.5
mGy, lens dose from 46.5 to 29 mGy) and mean effective
dose dropped from 1.86 to 1.18 mSv.

CONCLUSION

As predicted from cadaveric models, qualitative and
quantitative data demonstrated that unenhanced head
CT scans obtained at a 33-43% lower radiation dose
with IR4 L2 and L3 reconstructions were of equal
diagnostic quality to standard dose FBP reconstructed
images for nearly all tested qualitative criteria and are
suitable for routine clinical use. Low dose IR4 L2 and L3
reconstructions were equal to standard dose FBP for
image noise. Mean absorbed and effective dose savings
of 42% and 37% respectively were realized. This
reduced radiation dose technique will be of greatest
value in settings where patients may require multiple
and frequent follow-up studies.

Key WoRDs: Computed tomography, head, iterative
reconstruction
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0-40 11:42 AM - 11:50 AM

Graph Theoretical Analysis Applied to Structural
MR Imaging Data Reveals Disease-Specific Gray
Matter Changes in Patients with Diabetes Mellitus

Moody, E. A.12-Whitlow, C. T.1.3-Bowden, D.
W.1-Maldjian, J. A.1

1Wake Forest School of Medicine, Winston-Salem, NC,
2Virginia Tech - Wake Forest University Center for
Injury Biomechanics, Winston-Salem, NC, 3Translational
Science Institute, Winston-Salem, NC

PURPOSE

Diabetes mellitus (DM) is known to affect the brain,
with development of progressive gray matter atrophy,
white matter lesions, and cognitive impairments. Graph
theoretic structural network methods have not been
used yet to characterize DM-related changes in the
brain that may reflect important disease-specific end-
organ determinants of cognitive impairment. In this
study, we applied graph theory network methods to
structural MRI data hypothesizing that DM would be
associated with a disease-specific pattern of gray matter
volume change compared to nondiabetic controls.

MATERIALS & METHODS

An institutional ethics committee approved this study.
Two hundred diabetic and 92 nondiabetic control
subjects were scanned in a 1.5 T GE scanner using an 8-
channel head coil (GE Medical Systems, Milwaukee, WI,
USA) for collection of structural anatomical MRI data.
All data were motion-corrected, segmented and
normalized to a standard template using the VBM8
toolbox within SPM8. Modulated gray matter maps from
all subjects in each group were concatenated into a 4D
image data file and used to construct a group-specific
voxel-based 159,844x159,844 correlation matrix for
graph theoretic analysis. Group-specific binarized
adjacency matrices for diabetics and controls were
constructed at a cost of 0.1 from which diabetic and
nondiabetic degree maps were constructed (Figure 1).
T-tests of degree between groups were performed for
all regions.

Diabetics

RESULTS
Figure 1 demonstrates group structural network degree
maps for diabetics (bottom row) and nondiabetic

controls (top row). High (white) and low (purple)
degree voxels correspond to relatively large or small
number of associations with other voxels, respectively,
based upon similarity in voxel gray-matter volume
changes across subjects compared to all other brain
voxels. These group-specific degree maps demonstrate
striking right to left similarity, and that high and low
degree voxels cluster in regions reflecting known
anatomical structures. Regions containing highest
degree voxels for DM-specific and nondiabetic degree
maps include the amygdala, hippocampus, insular
cortex, anterior cingulate cortex, and basal ganglia. T-
tests corrected for multiple comparisons demonstrated
significant differences in voxel degree for diabetics
compared to controls, with increases in degree for
putamen, temporal pole, and frontal superior regions,
along with decreases in degree for occipital and inferior
frontal regions (p<3.1x10-7).

CONCLUSION

The application of graph theory network methods to
structural MRI data revealed diabetes-specific patterns
of volume change in gray matter areas that have been
demonstrated to be important in cognitive function.
These data demonstrate the utility of group-specific
structural network maps to exploring brain diseases.

KEY WORDS: Diabetes mellitus, structural network,
graph theory

0-41 11:50 AM - 11:58 AM

Hyperpolarized 13C Ascorbates as MR-Compatible
Redox Sensors for Neuroimaging

Wilson, D. M.-Kurhanewicz, ].-Keshari, K.

University of California San Francisco
San Francisco, CA

PURPOSE

Reduction and oxidation (redox) chemistry plays a
critical role in aging, neurodegenerative disease, and
ischemia/reperfusion injury. Despite this strong
relationship between redox and human disease,
methods to interrogate a redox pair in vivo are limited.
We have developed [1-13C] dehydroascorbate (DHA),
the oxidized form of Vitamin C, as an endogenous redox
sensor for in vivo imaging using hyperpolarized [HP]
13C spectroscopy. In anesthetized rats, HP[1-13C] DHA
was rapidly converted to [1-13C] Vitamin C within the
brain, suggesting its utility in a variety of common
cerebral disorders related to oxidative stress.

MATERIALS & METHODS

Synthesis of [1-13C] DHA: [1-13C] DHA (Isotec,
Miamisburg, OH) was synthesized using a published
method, by air oxidation of [1-13C] ascorbic acid in the
presence of catalytic amounts of copper (II) acetate.
Hyperpolarization and dissolution of [1-13C] DHA and
[1-13C] Vitamin C: [1-13C] DHA and [1-13C] VitC were
hyperpolarized on a HyperSense DNP instrument
(Oxford Instruments) as previously described. 3T
Studies: In vivo studies were performed using a 3 T MRI
scanner (GE Healthcare, Waukesha, WI) equipped with
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the MNS (multinuclear spectroscopy) hardware
package. 13C MRSI studies were carried out as
previously published.

RESULTS

For HP [1-13C] DHA studies, in voxels corresponding to
brain, the average VitC/ [VitC + DHA] was 0.51 # 0.1,
significantly higher than that seen in surrounding
tissues. A corresponding image is seen in Figure 1,
demonstrating localization of the [1-13C] VitC
metabolite within the brain. In contrast, following
injection of HP [1-13C] VitC, no observable metabolite
was seen. In these studies, the magnitude of [1-13C] VitC
resonances was higher in surrounding tissues than in

the brain.

T,-weighted DHA Vitamin C

VitC
DHA

Two Electron Reduction of DHA to Vitamin C

Figure 1. HP [1-'3C)
DHA study in a normal
rat brain, demonstrating
rapid conversion to

s
o= \/o\<” oo o= \/ \[<"
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X [1-13C] VitC within the
w’ ‘om brain, but not within in
[1-13C] DHA [1-13C] Vitamin C the surrounding tissues.
CONCLUSION

The steady-state concentration of Vitamin C in the brain
is remarkably high, estimated to be 10 mM in neurons,
while glia harbor high concentrations of GSH. On
injection of HP [1-13C] DHA into a normal rat, significant
reduction to [1-13C] Vitamin C was observed within the
brain, with essentially no background conversion
observed in surrounding tissues. Given the limited
spatial resolution of this study, we were not able to
determine whether this reduction took place primarily
in gray matter (dominated by neurons) or white matter
(predominantly glia). Rapid reduction of HP [1-13C]
DHA within the brain suggests a role for this probe in
functional imaging (GLUT transporter density),
determining local glutamate concentrations, as well as
predicting vulnerability to reactive oxygen species
(ROS).

KEey WoRDSs: Hyperpolarized, ascorbate, brain
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0-42 10:30 AM - 10:38 AM

Model-Based Iterative Reconstruction for Pediatric
Head CT Allows Greater Reductions in Radiation
Dose than  Adaptive  Statistical Iterative
Reconstruction

Mirza, N.-Delman, B.-Pawha, P.-Tanenbaum, L. N.

Mount Sinai School of Medicine
New York, NY

PURPOSE

The number of CT scans performed on children has
increased substantially in the past 2 decades and
approximately 11% of scans are performed on the
pediatric population. The effective child’s CT radiation
dose is 2 (newborn) to 1.6 (5 years old) more than
adults. Children undergoing CT examinations are more
likely to have multiple scans. Growing tissues/organs
are more sensitive to radiation effects and children have
a longer latent time for potential radiation related
cancers to develop. Adaptive statistical iterative
reconstruction (ASIR) techniques provide standard
image quality at substantially lower radiation dose than
traditional filtered back projections (FBP) allow.
Adaptive statistical iterative reconstruction leaves
substantial information about the CT imaging chain
untapped to permit rapid reconstruction times at the
expense of quantum and system noise remaining in the
image. Mode-based iterative reconstruction techniques
(MBIR VEO) perform a more complex reconstruction,
modeling system optics and statistics along with 3D
three point beam analysis. While reconstruction times
are longer, with fewer assumptions image noise is
reduced drastically and dose reductions of up to 75%
over FBP can be accomplished.

MATERIALS & METHODS

Mode-based iterative reconstruction techniques images
were obtained at a 30% lower dose (higher noise index)
than currently in use for ASIR studies at our institution.
Adaptive statistical iterative reconstruction and FBP
images were reconstructed retrospectively for analysis
from the dose reduced raw data. A quantitative (noise)
and qualitative comparison (gray-white differentiation,
overall quality) of the clinical MBIR VEO images was
performed against the ASIR and FBP studies as well as
against routine clinical expectations for pediatric head
CT imaging. All examinations were performed on a
clinical GE HD 750 scanner.

RESULTS
Mode-based iterative reconstruction techniques
produced images that were lower in noise than those




22

with ASIR and both were lower in noise than those with
FBP. The MBIR VEO images were of standard quality,
superior to those with ASIR and FBP and better than
expected for dose conscious pediatric head CT in
routine practice.

CONCLUSION

Mode-based iterative reconstruction techniques
provide high image quality at radiation doses lower
than can be provided with ASIR or FBP techniques and
should become the standard for routine pediatric head
imaging when widely available.

KEY WORDS: Radiation dose, model-based iterative
reconstruction, CT

0-43 10:38 AM - 10:46 AM

"FAST" MR Imaging in the Evaluation of Pediatric
Hydrocephalus

Eckel, L. ].-Diehn, F.-Hunt, C.-Schwartz, K.-Keating,
G.-Wetjen, N.-Welker, K.

Mayo Clinic
Rochester, MN

PURPOSE
Determine if MRI can be used successfully instead of CT
for the routine evaluation of ventricular size in pediatric
patients.

MATERIALS & METHODS

Over the course of more than 2 years, all pediatric
patients needing an imaging evaluation of ventricular
size were scheduled for MRI. In the past, these
evaluations have been done by CT as it was quicker and
provided the needed information. Utilizing a "fast" MRI
sequence, such as FIESTA or T2 HASTE, two planes of
imaging can be performed in less than 2 minutes.
Utilizing MRI eliminates the radiation exposure from
CT, an important consideration in this patient
population group, which is young and often in need of
multiple imaging evaluations.

RESULTS

During the time of our study, approximately 350 MRIs
were performed in patients ranging in age from 0 to 14
years old. In every case, "fast” MRI was able to answer
the clinical question. No CT exams were needed,
eliminating radiation in these patients. In addition, no
diagnostic MRI was needed, eliminating the need for
pediatric sedation.

CONCLUSION

In the pediatric population, when evaluating ventricular
size, "fast" MRI should be the first test of choice, as it is
effective and reduces radiation exposure associated
with CT.

KEey WoRDs: Pediatric, hydrocephalus, MR imaging

0-44 10:46 AM - 10:54 AM

Clinical Applications for Fast Brain MR Imaging in
Children

Aw, ].-Schoeneman, S. E.-Boylan, E. E.-Burrowes, D.

Children's Memorial Hospital
Chicago, IL

PURPOSE

Fast brain MRI imaging has been introduced recently
for assessing brain ventricles in patients with
ventriculo-peritoneal shunts (VPS). However, there is
minimal literature on how this method could be
beneficial for other indications. Compared to CT, this
method reduces lifetime cumulative radiation dose and
has multiplanar capabilities. It is much faster than full
brain MRI, reducing exam costs and potentially
reducing the need for sedation. However, fast brain MRI
has lower resolution than a standard brain MRI and
cannot detect hemorrhage. The goal of our study is to
assess retrospectively additional clinical applications
for fast brain MRI.

MATERIALS & METHODS

Patients who had undergone fast brain MRI were found
in XenoBase, a database which references deidentified
electronic medical records at our institution. XenoBase
then was used to identify subgroups by diagnosis. One
of the most common diagnoses was arachnoid cyst.
After IRB approval, patients with fast brain MRI and
arachnoid cyst were identified so that their fast brain
MRI could be compared to any full brain MRI and to
clinical outcomes. Fast brain MRI findings were
excluded if there was not a full brain MRI within 1 year.
Agreement with full brain MRI, and documented effect
on clinical management were coded for statistical
review.

RESULTS

Between 2008 and 2011, there were 14 arachnoid cyst
patients with 16 fast brain MRI exams. In 12 members
of this group, fast brain MRI was used alone or in
comparison with a full brain MRI in the decision to
follow or discharge the patient. Two exams failed to
report a pituitary cyst and mass effect which were
reported on prior exams. Six patients had no
complications in the year following their fast brain MRI.
The most common complication was headache (four
cases).

CONCLUSION

Fast brain MRI reduces radiation exposure, time, cost,
and the need for sedation in VPS patients. These
benefits may be extended cautiously to other patient
groups also requiring routine imaging, such as those
with arachnoid cysts.

KEeY WORDS: Brain ventricles, arachnoid cyst, fast brain
MR imagng
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0-45 10:54 AM - 11:02 AM

Evaluating Pediatric Neuropathologies Using
Multiple TE-Weighted Susceptibility Images Using
Multi-Shot EPI Sequence

Soman, S.-Qiu, D.-Barnes, P. D.-Moseley, M.-Yeom, K.

Stanford University
Stanford, CA

PURPOSE

Susceptibility-weighted imaging (SWI) has been proven
clinically useful in a variety of clinical scenarios.
However, for any susceptibility-weighted imaging, the
length of the TE will determine the extent of
susceptibility effects depicted. Sequences such as
susceptibility-weighted imaging regularly employ a 3D
gradient sequence at a single TE value to obtain
isotropic susceptibility-weighted images. The multi-
shot EPI sequence (3D MSME EPI) is an MRI pulse that
allows for the acquisitions of images for multiple TE per
each TR, and can effectively acquire images for multiple
TEs in the same time as a single 3D GRE sequence. We
sought to evaluate the utility of multiple TE images for
evaluating pediatric pathologies compared to each
other as well as against our standard 2D GRE sequence.

MATERIALS & METHODS

Fifty pediatric patients imaged as part of our clinical
practice had multi-shot EPI sequences and 2D GRE
sequences performed under an IRB approved protocol.
TE = 15 (short), 25 (medium) and 60 (long) were used.
Imaging of patients ranging from 1 to 21 years in age
demonstrated various stages of tumors, hemorrhage,
postoperative changes, or no abnormalities. A board-
certified pediatric neuroradiologist and a second year
neuroradiology fellow reviewed all images.

RESULTS

Numerous instances were found where long 3D TE
images better depicted pathologies (such as blood
products, postoperative changes, or siderosis, vessel
prominence) than short or medium 3D TE images or 2D
GRE images. In one case, a patient with elevated ferritin
levels  suspected of having hemophagocytic
lymphohistiocytosis demonstrated siderosis on long TE
images, while all other sequences appeared to be
negative. Numerous cases also demonstrated that the
extent of artifact (motion, braces, hardware) worsened
with increasing TE.

CONCLUSION

Multi-shot EPI images can provide images that
demonstrate susceptibility findings better seen on long
TE 3D GRE images, can depict findings on short TE
images that may be obscured by artifacts on longer TE
images, and overall, often can show findings not visible
on 2D GRE images, all in the same time as standard 3D
GRE sequences (such as SWI). Additionally, this method
produces multiple TE images that may be useful for
advanced applications such as calculating T2* values
(which  may be useful in  characterizing
neuropathologies), producing phase images or
performing quantitative susceptibility mapping.

KEY WORDS: Susceptibility-weighted imaging, multiple
TE imaging, pediatric neuroimaging

0-46 11:02 AM -11:10 AM

Identification and Quantification of Spatial
Distortion and Other Imaging Artifacts in a 3.0 T
Intraoperative MR Imaging Scanner

Choudhri, A. F.-Chin, E. M.-Whitehead, M. T.-Klimo,
P.-Boop, F. A.

University of Tennessee Health Science Center
Memphis, TN

PURPOSE

Intraoperative MRI (iMRI) is a new technology which
allows acquisition of images during a surgical
procedure, typically brain tumor resection, to assess for
the presence of residual tumor. With 3.0 T iMRI
equipment, susceptibility artifacts and field
inhomogeneity due to surgical equipment and
nonstandard patient positioning has reduced image
quality and resolution. We performed a review of iMRI
images to qualitatively and quantitatively characterize
the presence and severity of spatial distortion.

MATERIALS & METHODS

We analyzed MRI scans from 50 consecutive pediatric
patients undergoing surgery for primary brain tumors
who were scanned with a 3.0 T iMRI (Siemens AG,
Munich, Germany, and IMRIS, Winnipeg, CA) to quantify
spatial distortion. DICOM datasets were evaluated in the
MATLAB computing environment, and distortion was
calculated by comparing to preoperative volumetric
datasets performed for stereotactic navigation that
were performed in a routine diagnostic MRI scanner.
Images were analyzed both without and with vendor-
provided distortion correction algorithms. Factors
including head position, presence and location of
external fixation frame, size of the resection cavity and
quantity of postoperative/intraoperative
pneumocephalus were evaluated.

RESULTS

Severity of spatial distortion most strongly correlated
with distance from the isocenter of the magnetic field.
In patients who were repositioned for further scanning
without distortion, the repeat scans near the isocenter
of the magnetic field had less distortion than was seen
by application of vendor-provided distortion correction
algorithms to the initial scans. Image A shows a sagittal
intraoperative scan performed approximately 10 cm
above isocenter of the magnetic field, with an elongated
appearance of the anterior structures. A distortion map
is shown demonstrating the magnitude and direction of
distortion (Image B), as compared to preoperative
structural imaging. In this patient, there was
approximately 5 mm spatial shift of an 11 mm lesion
that was being targeted for biopsy.
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CONCLUSION

We have performed a systematic study of sources of
distortion in the high-field intraoperative MRI setting.
Intraoperative MRI spatial distortion has the potential
to negatively impact surgical outcomes if these images
are used for surgical navigation, and neuroradiologists
and neurosurgeons must be aware of the possibility and
attempt to decrease distortion by positioning the
patient as close to isocenter as possible and minimize
pneumocephalus at the time of scanning. This
information can help predict the presence of and
severity of image distortion, which may be able to
improve the effectiveness of iMRI guidance for brain
tumor resection.

KEY WORDS: Intraoperative MR imaging, artifact, tumor

0-47 11:10 AM - 11:18 AM

Arterial Spin Labeling Perfusion MR after Hypoxic-
Ischemic Injury to the Brain in Children

Vossough, A.-Ziai, P.

Children's Hospital of Philadelphia
Philadelphia, PA

PURPOSE

To use arterial spin labeling (ASL) perfusion MRI for
assessment of perfusion changes encountered after
hypoxic-ischemic injury to the brain in children.

MATERIALS & METHODS

We performed a retrospective study of ASL perfusion
brain MRIs of children with acute hypoxic-ischemic
injury to the brain who had undergone quantitative ASL
imaging of the brain. All patients were studied with a
pulsed ASL technique in addition to conventional and
diffusion-weighted = imaging. @ Many also  had
susceptibility-weighted imaging (SWI) MR venography
performed as an indirect qualitative assessment of
deoxhemoglobin in the venous vasculature. Quantitative
cerebral blood flow measurements of the cortical and
deep gray matter were performed using regions of
interest.

RESULTS

Results of quantitative arterial spin labeling perfusion
was available in 21 children with hypoxic-ischemic
injury, as evidenced by diffusion and conventional MRI
sequences. The patients demonstrated significantly
increased gray matter cerebral blood flow
measurements on arterial perfusion imaging after
hypoxic-ischemic injury. In 18 patients the perfusion
changes were more localized to the area of apparent
ischemic injury, whereas in three, there was more

generalized hyperperfusion in the brain. Mean gray
matter cerebral blood flow was measured at 162+/-38
mL/100g/minute in the areas of hyperperfusion. In
patients that did have SWI MR venography, it generally
demonstrated relative disappearance of the venous

BOLD signal, presumably due to decreased
deoxyhemoglobin in venous blood secondary to
hyperperfusion.

CONCLUSION

Marked local or global hyperperfusion can be seen in
children with hypoxic-ischemic injury on arterial spin
labeling perfusion MRI. Arterial spin labeling perfusion
MRI can play an important role in detection of perfusion
alterations in the brain in children with hypoxic-
ischemic injury. It may have potential to serve as a
marker in the assessment of secondary brain damage
after hypoxic-ischemic injury and in the evaluation of
neuroprotective treatment strategies for these patients.

Key WORDSs: Arterial spin labeling, hypoxic ischemic
injury, children

0-48 11:18 AM - 11:26 AM

Accuracy of Time-Resolved Dynamic Contrast-
Enhanced MR Angiography in Classifying Soft Tissue
Vascular Anomalies in the Head and Neck in
Children

Tekes, A.-Esenkaya, A.-Weiss, C.-Ali, S.-Mitchell,
S.Huisman, T. A.

Johns Hopkins Hospital
Baltimore, MD

PURPOSE

Soft tissue vascular anomalies (VA) commonly present
in the head and neck in children. Accurate classification
is crucial since treatment and morbidity changes
significantly between vascular tumors and vascular
malformations. Further classification of vascular
malformations is critical as the treatment method and
agents are different for slow and fast flow vascular
malformations. Conventional MRI with contrast is
performed routinely for diagnosis and follow up of VA.
Our objective is to evaluate accuracy of time-resolved
dynamic contrast-enhanced MRA (TWIST) against
conventional MRI with contrast in classification of soft
tissue vascular anomalies in the head and neck in
children.

MATERIALS & METHODS

Children with suspected diagnosis of VA in the head and
neck were referred for MRI from 2008 to 2011. Twenty-
eight children from 0-17 years of age were enrolled.
Time-resolved dynamic contrast-enhanced MRA and
conventional MRI was performed (Triplanar T2-
weighted imaging with fat saturation, precontrast axial
T1-weighted imaging, and postcontrast triplanar fat-
suppressed T1-weighted imaging). Time-resolved
dynamic contrast-enhanced MRA was performed in
coronal plane using blood-pool MR contrast agent
(Ablavar-Lantheus) to enhance image quality and
spatial  resolution of MRA. Two  pediatric
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neuroradiologists evaluated all patients in two different
sessions, 15 days apart: one session conventional MRI
with contrast was evaluated, in the second session
TWIST was evaluated. Clinical evaluation and/or
percutaneous venogram/lymphogram data was the
gold standard.

RESULTS

Our patients had diagnosis of infantile hemangioma (n =
4), venous malformation (n = 12), and lymphatic
malformation (n = 12). Time-resolved dynamic
contrast-enhanced MRA alone could accurately classify
26/28, conventional MRI with contrast could accurately
classify 22/28. Conventional MRI with contrast
combined with TWIST could accurately classify all
cases.

CONCLUSION

Time-resolved dynamic contrast-enhanced MRA is
superior to conventional MRI with contrast in
classification of VA in the head and neck in children.
Time-resolved dynamic contrast-enhanced MRA offers
high temporal resolution in the order of seconds, and
provides functional data about the dynamics of contrast
enhancement comprising the arterial, venous and
delayed venous phases, which reflects the nature of the
vascular anomaly. MR imaging of soft tissue VA in the
head and neck would be incomplete without TWIST.
Use of Ablavar significantly reduces dose (1/3 of other
gadolinium-based contrast agents), and does not
require trigger imaging. Conventional MRI provides
important information regarding the anatomical extent,
size, and relation to critical anatomical structures, thus
when combined with TWIST, MRI provides the best
information without use of radiation in children.

KEey WORDSs: Vascular anomalies, dynamic evaluation of
vascular anomalies, TWIST, children

0-49 11:26 AM - 11:34 AM

MR Imaging Depicts Retinal
Nonaccidental Trauma

Hemorrhages in

Zuccoli, G.-Panigrahy, A.-Halidpur, A.-Squires, ].-Wolford,
J.-Berger, R.-Berger, R.

Children's Hospital of Pittsburgh
Pittsburgh, PA

PURPOSE

Abusive head trauma (AHT) is the leading cause of
mortality from physical abuse in pediatric patients, and
the leading cause of severe TBI in infants. Children who
are victims of AHT often have nonspecific symptoms
that overlap with relatively innocuous or self-limiting
diagnoses, especially in cases without obvious
superficial bruising. However, these patients usually
demonstrate retinal hemorrhages (RH) which are
highly specific for AHT. Dilated ophthalmologic exam by
a trained clinician, the gold standard test for detection
of RH, is not always available in the acute care setting.
Purpose of this study is to evaluate for RH using MRI T2
Star weighted angiography (SWAN).

MATERIALS & METHODS

Our study group included 14 pediatric patients with
nonaccidental trauma who were selected
retrospectively from the patients seen at our institution
in 2011. In our study group, the average age was 10.6
months (range 2 to 24 months). The images were
evaluated retrospectively by an experienced fellowship-
trained neuroradiologist. Retinal hemorrhages were
defined as foci of low signal intensity along the retina on
SWAN. Lesions were classified into “point” like and
“band” like based on their morphology. Two SWAN
protocols were used: low resolution (3-5 mm thickness)
and high resolution (1-2 mm thickness). Retinal
hemorrhages were classified into bilateral, unilateral,
intraretinal, preretinal, subretinal and intraretinal.

RESULTS

Clinical Findings - All the patients had bilateral RH at
eye exam. Extension of this hemorrhage into the
preretinal (subhyaloid) space was identified in eight
patients (57%), and subretinal hemorrhage was present
in three patients (21.4%). In one of the patients,
hemorrhage was found in all three compartments.
Imaging Findings - MR SWAN images revealed
abnormally hypointense periretinal signal consistent
with blood products in the orbits of 11 out of the 14
patients confirmed to have retinal hemorrhages on
dilated eye exam (78.5%). Two patients whose 5 mm
SWAN images were initially negative showed findings
positive for retinal hemorrhage using thinner slices of 1
mm. Of the patients whose SWAN images were assessed
at thin 1 mm slices, only one patient conclusively
demonstrated no discernable features of retinal
hemorrhage. This patient showed only intraretinal
hemorrhage at eye exam. Imaging features of RH could
further be divided into "point-like" and "band-like"
findings. In nine patients, the retinal hemorrhage was
point-like (81.8%), while four patients demonstrated
the band-like retinal hemorrhage (36.6%). Each of these
patients had other signs of head trauma on multiple MR
sequences such as subdural hemorrhages, edema and
calvarial fracture.

CONCLUSION

Dilated ophthalmologic exam by a trained clinician, the
gold standard test for detection of RH, is not always
available in the acute care setting. Our study suggests
that high-resolution MRI SWAN imaging is useful in
screening such patients for RH, especially in situations
where nonaccidental trauma is suspected.

retinal

KeEy  WORDS: Nonaccidental
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0-50 11:34 AM - 11:42 AM

Transfontanellar Contrast-Enhanced Ultrasound of
Brain Injury in New Borns: Preliminary RESULTS
Kastler, A.1-Manzoni, P.2:Chapuy, S.2-Aubry, S.2-Cattin,
F.2:Biondi, A.2-Kastler, B.2

1University Hospital, Clermont Ferrand, FRANCE,
2University Hospital, Besancon, FRANCE
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PURPOSE

MR imaging is to date the best imaging modality in the
early depiction of multiple types of neuropathologic
lesions in newborns. Indeed, it offers excellent soft-
tissue contrast and good spatial resolution and it is a
noninvasive and nonionizing technique. Literature
comparing the usefulness of US and MR examinations of
the neonatal brain suggest that US is not as effective a
modality as MR. However, in emergency settings, US
remains better than MR regarding access and
availability as it is a real-time bed side imaging
modality. In order to improve US sensitivity and due to
delayed MRI access, transfontanellar contrast-enhanced
ultrasound (TCEUS) was performed as first line
examination and compared to MRI in brain injury
diagnosis in neonates.

MATERIALS & METHODS

Five new borns were assessed during the neonatal
period with TCEUS and brain MRI. Accuracy of the
imaging findings were analyzed and compared. Three of
these neonates presented with hypoxic-ischemic
encephalopathy (HIE) symptoms, one suffered from
severe epileptic seizures and another presented with
postesophageal atresia repair neurologic impairment.
All TCEU were realized under close neonatal intensive
care supervision. Two separate injections of contrast
material were systematically realized, subsequent
arterial, venous and delayed phase US imaging were
analyzed. The following MRI protocol was used: axial
DWI,T1,T2, T2 and 3D TOF AngioMR.

RESULTS
In all five patients, a good correlation between TCEU
and MRI was found. In neonates with HIE (three cases),
TCEUS and DWI sequences showed concordant
impaired territories : hypovascularization on TCEUS
versus hyperintensity on MRI (Figure 1). In the patient
with postsurgical neurologic impairment, both MRI and
TCEU showed intraventricular hemorrhage associated
with subdural hematoma, but no ischemic lesions were
seen. Finally, no abnormalities were detected in the
patient with severe epileptic impairment on both
imaging modalities.

CONCLUSION

Transfontanellar contrast-enhanced ultrasound appears
as a potential alternative and accessible imaging
modality in the assessment of emergency neonatal
brain injury. These promising preliminary results have
to be confirmed by a larger prospective series of
patients.

KEY WORDS: Transcranial ultrasound, contrast material
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3D Reconstruction of Fetal Brain MR Imaging

Kuklisova-Murgasova, M.1-Quaghebeur, G.2-Schnabel, ].
Az

Institute of Biomedical Engineering, Oxford, UNITED
KINGDOM, 2University of Oxford, Oxford, UNITED
KINGDOM

PURPOSE

Fetal brain MRI has been used in clinical practice since
fast single-shot techniques for acquisition of T2w 2D
slices were developed to freeze fetal motion in time.
Stacks of thick slices are acquired in three orthogonal
directions. Slice thickness is usually 3 to 4 mm to obtain
good contrast-to-noise ratio. Such images provide
excellent delineation of fetal brain anatomy and are
suitable for qualitative assessment of brain
abnormalities. However, compromised fetal brain
development (e.g., during IUGR) often is demonstrated
by more subtle changes, which only can be assessed by
quantitative analysis. Studies on preterm infants
suggest that quantitative biomarkers, such as reduced
cortical volume and sulcation index characterize IUGR.
More advanced image analysis, currently used for
research into brain development of preterm neonates,
requires volumetric brain MR images. Due to their long
acquisition times fetal motion presents a major
challenge as 3D MR scanning sequences are not
applicable in presence of unpredictable and fast fetal
motion. We propose a method for the reconstruction of
volumetric fetal MRI from 2D slices, comprising super-
resolution reconstruction of the volume combined with
intensity matching of acquired 2D slices and automatic
exclusion of motion corrupted and misaligned slices.

MATERIALS & METHODS

The motion between slices is corrected using automatic
registration method. Initially all stacks are aligned using
volumetric registration. Then a 3D volume is
reconstructed using model of acquisition of a thick slice.
The alignment then is iteratively refined by registering
slices to the latest reconstructed volume. During
reconstruction, inconsistencies in scaling of the slices
and difference in the bias fields are estimated
automatically and corrected. Slices corrupted by sudden
fetal motion are detected automatically and excluded
during reconstruction. The reconstruction method was
applied to simulated data, as well as clinically acquired
fetal MRI scans.

RESULTS

We successfully reconstructed 10 clinically acquired
fetal brain MR images with 3 and 4 mm thick slices. Our
results show that the proposed method produces good
quality reconstruction results for clinical data
consisting of a small number of thick slices. The
reconstructed volumes will be used to perform
segmentation of brain structures to calculate volumes
and assess cortical folding. Such measurement can
enhance neurologic assessment of fetal brain
development.



CONCLUSION
This method addresses the need for a comprehensive
reconstruction model of 3D fetal MRI.

KEey WoRDs: Fetal MR imaging, 3D reconstruction
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Non-Gaussian Diffusion-Weighted Imaging of the
Developing Brain

Paydar, A.-Adisetiyo, V.-Fieremans, E.-Sheth,
H.-Nwankwo, ]J.-Jensen, ].-Milla, S.

New York University School of Medicine
New York, NY

PURPOSE

Significant brain development occurs in early childhood
with growth and maturation of the brain seen at both
macro- and microstructural levels. In  vivo
characterization = and  accurate  diagnosis  of
microstructural  abnormality  currently remains
challenging. Magnetic resonance imaging (MRI) has
become the gold standard for high-resolution brain
imaging during the course of development. Particularly,
the advent of diffusion-weighted imaging (DWI) has
improved detection of microstructural changes during
brain maturation. However, standard DWI methods,
such as the widely used diffusion tensor imaging (DTI)
technique, are based on a Gaussian model of water
diffusion that may limit sensitivity to microstructural
tissue  properties.  Recently, diffusion-weighted
techniques have been developed that utilize non-
Gaussian modeling in order to better detect
microstructural complexity in both white matter (WM)
and gray matter (GM). One of these non-Gaussian
diffusion techniques, diffusional kurtosis imaging (DKI),
has demonstrated an increased sensitivity to changes in
tissue microstructure as compared to Gaussian DTI in a
rodent brain maturation study. Our purpose is to utilize
DKI, a non-Gaussian diffusion model, to quantify
microstructural changes that occur during brain
maturation in both WM and GM and to compare this
data with DTI metrics. We hypothesize that due to the
improved ability to detect microstructural changes,
non-Gaussian DWI will be able to detect alterations in
myelination and brain development, as reflected by
kurtosis metrics.

MATERIALS & METHODS

We have performed a retrospective review of 50
pediatric patients who underwent non-Gaussian DWI
(DKI) from 2009-2011 on a 1.5 T MRI. These subjects
ranged from 1 day to 754 days in age. Diffusional
kurtosis imaging data was processed using the MatLab
Diffusional Kurtosis Estimator software and the
diffusion and kurtosis tensors were calculated to
produce parametric maps for DTI diffusion metrics
[mean diffusivity (MD) and fractional anisotropy (FA)],
as well as a non-Gaussian metric called the mean
kurtosis (MK). Subsequently, data were collected and
analyzed from regions of interest (ROI) within multiple
WM and GM structures, including the corpus callosum,
basal ganglia, thalamus, and multiple subcortical WM
areas. Diffusion metrics were analyzed with respect to
age.

RESULTS

Gaussian-based DTI demonstrates expected increased
anisotropy as measured by FA within the WM overtime,
as myelination gradually takes place during early
childhood [e.g., FA genu change from birth to 2 years of
+82% (R2 = 0.63); FA splenium +70% (R2 = 0.66)].
Diffusion tensor imaging data show changes within the
GM [e.g, FA thalamus change of +63% (R2 = 0.33); FA
putamen, change of -7% (R2 = 0.024)]. Non-Gaussian
DKI also demonstrates a consistent increase in kurtosis
metrics within WM [e.g., MK genu, change of +116% (R2
= 0.84); MK splenium, change of +160% (R2 = 0.82)] as
well as in GM [e.g.,, MK thalamus, change of +138% (R2
= 0.76); MK putamen, change of +78% (R2 = 0.66)]
during brain maturation.

CONCLUSION

Diffusional kurtosis imaging metrics demonstrate
significant change consistent with known patterns of
brain maturation. This study suggests that DKI can
detect progressive changes in microstructural
complexity in both white matter and gray matter during
human brain development.

KEey WoRps: Diffusional kurtosis imaging, DKI, brain
development
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Acute Diffusion Tensor Imaging Predicts Functional
Outcomes at One Year Post Mild Traumatic Brain
Injury

Rosenbaum, S. B.1*Gardin, T. M.2:Kim, N.1*Zimmerman,
M. E.1-Lipton, R. B.1-Lipton, M. L.1

1Albert Einstein College of Medicine, Bronx, NY,
2Montefiore Medical Center, Bronx, NY

PURPOSE

Although most mTBI patients recover, approximately
30% have persistent symptoms (Alexander 1995). Our
purpose was to determine if voxelwise assessment of
whole-brain FA at the time of mTBI can predict the
persistence of postconcussive symptoms (PCS) and
health-related quality of life (HRQoL) at 1 year post
injury.

MATERIALS & METHODS

This study was conducted with IRB approval and
written, informed consent, and complied with HIPAA
guidelines. Sixteen mTBI patients were recruited from a
large emergency center. Diffusion tensor imaging (3.0 T,
b = 1000, 32 directions) was performed within 2 weeks
of injury, and tests of PCS [Post Concussion Symptoms
Questionnaire (RPQ)] and HRQoL [Sickness Impact
Profile (SIP)] were administered at 1 year post injury.
Voxelwise assessment [p(individual voxel) <0.05,
p(cluster size) <0.01] was performed in each patient to
identify voxels with abnormally low FA in comparison
to 40 healthy controls. Mean FA across the abnormal
voxels and total number of abnormal voxels was
calculated for each patient. Spearman’s rank correlation
analysis was used to test for significance of correlation
between FA (total number of abnormal voxels and mean
magnitude of abnormal voxels) and the RPQ and SIP
outcome measures.

RESULTS

At 1 year post injury, mean FA across abnormal voxels
was correlated significantly with measures of PCS and
HRQoL. Mean low FA predicted worse HRQoL (r = -.595,
p<.012), mediated by two measures of psychological
functioning, namely psychological autonomy and
communication (r = -.807, p<.001) and emotional
stability (r = -.671, p = .003) as well as one measure of
social functioning, namely social behavior (r =-.509, p =
.037). Mean low FA also correlated with worse cognitive
PCS on the RPQ (r =-.679, p =.004).

CONCLUSION

Abnormally low FA, previously shown to be a
manifestation of traumatic axonal injury (e.g. Inglese et
al,, 2005; Li et al,, 2011; MacDonald et al,, 2007; Niogi et
al, 2008; Rutgers et al.,, 2008) characteristic of mTBI,
predicted more severe cognitive PCS (e.g, poor
concentration, forgetfulness, taking longer to think) and
worse HRQoL at >1 year post injury. Our findings
suggest that severity of early trauma detected with DTI
may be an effective predictor of long-term, real-world
functional outcomes, particularly in psychological
health and cognition, domains known to be important
components of mTBI morbidity.

Key WOoRDs: Mild traumatic brain injury, diffusion
tensor imaging, post--concussive symptoms
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Personalized Medicine Approach to Determine
Prognosis of Mild Traumatic Brain Injury:
Combined Assessment of Diffusion Tensor Imaging
and the Apolipoprotein E Genotype at Time of
Injury Predicts Long-Term Cognitive Performance

Gardin, T. M.1:-Rosenbaum, S. B.2:Kim, N.2-Davies,
P.2:Zimmerman, M.2:Lipton, R. B.2:-Lipton, M. L.2

1Montefiore Medical Center, Bronx, NY, 2Albert Einstein
College of Medicine, Bronx, NY

PURPOSE

The apolipoprotein E4 allele (APOE4) confers worse
prognosis for poor outcome and incident Alzheimer
disease following TBI (Ariza et. al, 2006; Isoniemi et. al,
2006). Diffusion tensor imaging (DTI) demonstrates
abnormalities in acute mTBI, but it remains uncertain
how these abnormalities can determine long-term
prognosis, a critical clinical need. The present study
aimed to determine if APOE4 genotype, in conjunction
with personalized assessment of acute DTI, could serve
to predict sub-acute and chronic cognitive outcomes in
patients following mTBI.

MATERIALS & METHODS

Sixteen mTBI patients, ages 24-62 years (mean: 36.5),
were recruited from a large urban emergency center
and gave informed consent in this HIPAA compliant
study. Patients were genotyped and divided into two
groups based on the presence (E4+) or absence (E4-) of
the APOE E4 allele. Diffusion tensor imaging (3.0 T, b =
1000, 32 directions) was performed within 2 weeks
following injury, and tests of memory and verbal
fluency were administered 6 months and 1 year
following injury. Voxel-wise analysis of fractional
anisotropy (FA) images from DTI [p(voxel)<0.05,
p(cluster size)<0.01] was performed in each patient to
determine the number of brain voxels with abnormally
low FA (termed 'low FA volume") as compared to 40
healthy controls, adjusted for age, gender and education
(Kim et. al, 2011). Five unpaired t-tests were performed
to compare cognitive performance (memory and verbal
fluency, important mTBI outcomes) and low FA volume
between E4+ and E4- patients. Four hierarchical
multiple regressions were performed to assess the
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interaction effect of APOE4 and volume of abnormally
low FA for prediction of memory and verbal fluency at 6
months and 1 year post injury.

RESULTS

Six of 16 subjects carried at least one E4 allele. Initial t-
tests revealed no significant difference between E4+
and E4- patients in low FA volume or cognitive
performance. Hierarchical regressions, however,
demonstrated significant interactions between E4
status and low FA volume for prediction of worse
cognitive outcomes. E4+ interacted significantly with
low FA volume to predict worse memory performance 6
months post injury (F =5.516, p <.04), and worse verbal
fluency 1 year following injury (F = 9.980, p < .01).
Thus, volume of abnormally low FA at time of injury
interacted with APOE genotype to predict cognitive
performance at sub-acute (6 months) and chronic (1
year) time points.

CONCLUSION

Although neither genotype nor DTI alone determined
long-term prognosis, combined assessment of both
factors at time of injury predicted cognitive
performance at 6 months and 1 year. These preliminary
results indicate that larger studies are warranted to
confirm and refine the use of multimodal personalized
assessments such as this for the assessment of mTBI
outcome. Confirmation of effectiveness could guide
management of mTBI patients and provide a much
needed biomarker for the conduct of clinical treatment
trials.

Key WoRDs: Mild traumatic brain injury, diffusion
tensor imaging, apolipoprotein E
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Could Heading Be Bad for Your Brain? Soccer
Players Who Head Excessively Demonstrate
Diffusion Tensor Imaging Abnormalities Similar to
Traumatic Brain Injury, Which Are Associated with
Cognitive Impairment

Kim, N.1*Zimmerman, M.!1-Lipton, R. B.1-Stewart,
W.2-Gulko, E.t-Branch, C. A.-Lipton, M. L.1

1Albert Einstein College of Medicine of Yeshiva
University, Bronx, NY, 2Geisinger Health System,
Danville, PA

PURPOSE

Soccer heading may represent a form of repetitive mild
trauma and be associated with long-term cognitive
impairment. Because abnormally low white matter
(WM) fractional fnisotropy (FA) has been associated
with cognitive impairment in patients with traumatic
brain injury (TBI), we hypothesized that a threshold
level (B) exists for heading exposure above which
evidence of white matter injury and cognitive
impairment would be detectable.

MATERIALS & METHODS
The study had IRB approval, included written informed
consent, and complied with HIPAA. Thrity-two amateur

soccer players were recruited. Heading exposure was
assessed with a standardized questionnaire and
diffusion tensor imaging (DTI) (3.0 T; 32 directions; b
=1000) was performed. Regions of interest (ROI) where
FA was associated with heading exposure were
determined using a voxelwise t-test comparing FA
between subjects with the most heading exposure
(upper quartile; > 1,320 heads/year) and those with
lesser exposure (lower 3 quartiles; < 1,320 heads/year).
Cognitive performance was assessed using a
standardized battery (CogState; Collie et al, 2003;
Maruff et al., 2009). Based on our threshold hypothesis
we assumed that an S or inverse S shape related FA
measures and cognitive performance against heading
exposures. Such nonlinear shapes (S, inverse S) were
modeled based on inverse logit (IL) functions with three
parameters: (1) baseline (o) (2) association direction
and scale factor (az) (3) departure position (B) in
heading exposure scales from baseline. These
parameters were estimated utilizing a simulated
annealing algorithm (Kirkpatrick et al, 1983) and
gradient-based nonlinear regression algorithm (Bates
and Watts, 1988) for each ROI and cognitive domain.

RESULTS

Five ROIs were identified in temporooccipital WM and
one in frontal WM where greater heading was
associated with low FA. We found significant effects of 8
for all ROIs, and two cognitive domains (visual motor
function, and verbal learning and memory). Estimates of
3 were ranged between 1080 and 1440 heads per year.
Both cognitive domains showed significant correlations
with FA measures (two ROIs in temporooccipital WM
and one in frontal WM), mediated by heading
exposures.

CONCLUSION

Greater heading frequency is associated with low FA.
Exceeding a threshold for heading frequency (1000-
1500) may result in brain abnormalities similar to those
seen in TBI, which confer cognitive impairment. If
confirmed, these findings suggest that brain
abnormalities related to heading are of clinical
importance. Defining the appropriate exposure
thresholds could facilitate public health interventions to
limit heading exposure and its adverse consequences.

KEeY WoRDSs: Soccer, DTI, cognition
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Mild Traumatic Brain Injury Causes Reduction in
Hippocampal Volumes over Time that Correlates
with Patient-Reported Cognitive Impairment but
Does Not Correlate with Verbal Memory Function

Venugopal, S.1-Sampat, M.1-LaHue, S.1-Cooper,
S.1-Heffernan, A.1-Yue, ].1-Lee, H.1-Ghajar, ].2-Manley,
G.1-Mukherjee, P.1

1University of California San Francisco, San Francisco,
CA, 2Brain Trauma Foundation, New York, NY
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PURPOSE
Mild traumatic brain injury (mTBI) is a growing
epidemic often leading to significant long-term

cognitive impairments, especially memory deficits. We
explored volumetric changes in hippocampus and
amygdala longitudinally after mTBI and correlated
these results with verbal memory function as well as
patient-reported cognitive impairments.

MATERIALS & METHODS

Sixty-two adult patients, aged 17-57 years, with mTBI
(GCS 13-15), loss of consciousness and posttraumatic
amnesia, were enrolled prospectively and compared to
42 matched controls. The study protocol was approved
by our institutional Committee on Human Research. Of
the 62 patients, 33 had follow-up imaging at 1 year.
Neuropsychological tests, including California Verbal
Learning Test 2nd edition (CVLT-II), Center for
Epidemiological Studies-Depression scale (CES-D),
Cognitive Failure and PTSD questionnaires were
administered to mTBI patients at both time points and
to the controls once (except PTSD). Volumetric
segmentation was performed with FreeSurfer
(http://surfer.nmr.mgh.harvard.edu) on T1-FSPGR
images acquired at 1-mm voxel resolution on a 3 T
scanner. The segmentation was reviewed for accuracy
by a board-certified neuroradiologist and data were
analyzed after correction for intracranial volume (ICV).
Pearson’s correlation analysis was performed to
evaluate association between hippocampal volumes and
memory functions, both researcher-administered and
patient reported.

RESULTS

Statistically significant atrophy versus controls was
found in both left and right hippocampi at 1 month and
at 1 year post mTBI (p<0.05), with a trend towards
decreasing volumes between 1 month and 1 year. At 1
year the left amygdala showed statistically significant
atrophy (p<0.05), while the right amygdala showed a
strong trend towards reduced volume (p = 0.06), again
trending towards lower amygdalar volumes bilaterally
at 1 year compared to 1 month. All CVLT-II subtests,
CES-D, and Cognitive Failure scores showed statistically
significant decreases in performance at 1 month and at
1 year post mTBI versus controls (p<0.05). However
both hippocampal volumes showed significant
correlation (p<0.05) to self-filled questionnaires of
depression (CES-D), PTSD, and cognitive failure at both
1 month and 1 year time-points with improvement over
time. There was no significant correlation between
patient reported cognitive failure and performance in
CVLT.

CONCLUSION

To our knowledge this is the first study to demonstrate
structural changes in brain morphometry in mTBI. The
lack of correlation between reduced hippocampal
volumes and poor CVLT performance suggests other
areas of brain might additionally contribute to the
cognitive difficulties seen in mTBI patients. Correlation
of the hippocampal volumes to cognitive impairment
and depression in patients suggests that timely

management of such symptomatology could contribute
to speedier recovery in mTBI victims.

Key WoRbDs: Mild TBI, hippocampus, neurocognition
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Resting-State Functional MR Imaging Reveals
Altered Functional Connectivity in Cortical and
Subcortical Networks One Month after Mild
Traumatic Brain Injury

Li, Y.-LaHue, S.-Chen, R.-Cooper, S.-Yue, ].-Manley,
G.-Mukherjee, P.

University of California San Francisco
San Francisco, CA

PURPOSE

It has been reported in several studies using resting-
state fMRI (rs fMRI) that traumatic brain injury (TBI)
affects functional connectivity. These prior studies have
been limited by factors such as small sample size, a
wide spectrum of injury severity, and evaluation of
patients at variable time points late after injury. In this
study, we analyzed rs fMRI in a cohort of 51 mild TBI
(mTBI) patients at 1-month post injury and compared
them with 45 healthy controls matched by age, gender,
handedness and years of education.

MATERIALS & METHODS

Fifty-one mTBI patients (mean age 30 * 8 years, 34
male, 49 right-handed) and 45 healthy controls (29 + 9
years, 28 male, 43 right-handed) underwent a 7-minute
resting-state fMRI gradient-echo EPI sequence with 2s
TR and 28ms TE, on a GE 3 T scanner. Preprocessing
included motion correction, brain extraction, band-pass
filtering, regression of irrelevant signals, registration
onto the MNI152 template, and spatial smoothing using
FSL tools. Functional connectivity maps were calculated
from15 seed regions summarized from currently
published rs fMRI studies of TBI. Two-sample
permutation testing was performed on all connectivity
maps using the “randomize” function in FSL to
determine statistically significant differences between
patient and control groups after correction for multiple
voxel-wise comparisons.

RESULTS

Decreased functional connectivity of mTBI patients
versus controls was found bilaterally in the default
mode network and the hippocampal network, including
the following regions: dorsal anterior cingulate cortex
(dACC), posterior cingulate cortex (PCC), precuneus,
medial prefrontal cortex (mPFC), inferior parietal
lobule (IPL), hippocampus, and pons. The cortical
regions of reduced connectivity are illustrated in Figure
1A. Increased functional connectivity of mTBI versus
controls was found in a bilateral network encompassing
supplementary motor area (SMA), primary motor
cortex (M1), and dACC (Figure 1B).
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CONCLUSION

Resting-state fMRI of a relatively large cohort of mTBI
patients reveals reduced functional connectivity of
multiple networks, most prominently the default mode
network and hippocampus; however, connectivity is
increased in a motor-SMA network that includes the

dACC. Further investigations are underway on
correlation of these findings with neurocognitive
performance. These initial results demonstrate that
resting-state fMRI has promise as an imaging biomarker
for clinical outcome after mTBI.

KEY WORDS: Traumatic brain
resting-state functional MR imaging

injury, concussion,
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Characterization of Thalamocortical Association
Using Resting-State Functional MR Imaging in Mild
Traumatic Brain Injury

Zhou, Y.-Lui, Y. W.-Reaume, J.-Grossman, R. [.-Ge, Y.

New York University Langone Medical Center
New York, NY

PURPOSE

Previously using resting-state (rs) fMRI, we
documented increased thalamocortical connectivity in
patients with mild traumatic brain injury (mTBI). In
order to further characterize thalamic injury in mTBI, in
this study, we examined the amplitude of low-frequency
fluctuations (ALFF) which is believed to reflect
spontaneous brain activity intensity and temporal
thalamocortical coherence between mTBI patients and
controls.

MATERIALS & METHODS

Thirty-three patients with clinically-defined mTBI were
recruited in this study with a mean interval between
MRI and trauma of 22 days (3~53 days). For
comparison, 33 age-matched healthy controls also were
recruited. All patients have various posttraumatic
symptoms. MR imaging was performed at Siemens 3 T
MR with a standard rs fMRI sequence (TR/TE = 2
sec/30 msec, flip angle = 75¢, resolution = 1.72x1.72x6
mm3, 153 time points). In addition, conventional T2-
weighted imaging and a 3D high-resolution T1-MPRAGE
also were obtained. All rs fMRI datasets were realigned
and coregistered to the 3D T1 image and then

normalized to the MNI template. The temporal
coherence was computed based on the averaged time
courses of the voxels between left and right thalamus
(thalamo-thalamo) as well as between thalamus and
each of 44 cortical Brodmann Areas (BAs) (thalamo-
cortical). The fractional ALFF (fALFF) was computed
using the REST software (www.restfmri.net).

RESULTS

Consistent with previous data, we also found
significantly increased thalamocortical functional
connectivity in patients (P<0.001); as well as

significantly increased temporal coherence between
thalamus and cortex predominantly at low frequency
band (0.025-0.05Hz) (P<0.05) with peak coherence
value of 0.45 in controls and of 0.53 in patients (see
Figures 1a and 1b). There was a positive correlation
between low-frequency thalamocortical coherence and
postconcussive syndrome score in MTBI patients
(Spearman correlation r = 0.4, P = 0.029).We also found
significantly reduced fALFF in the thalamus and its
segments for sensory, temporal and frontal projections
in patients (P<0.05), while in cortex there was no
significant fALFF change between patients and controls.
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(P<0.05) in MTBI patients compared to
controls between average of all cortical Brodmann areas (BA 1-48) and thalamus (a) and between each
of cortical Brodmann areas and thalamus (b, with white color indicates significant difference between
two groups).

CONCLUSION

We have shown reduced fALFF in the thalamus
reflecting decreased spontaneous thalamic neuronal
activity, believed to be secondary to thalamic injury
after MTBI. This finding in conjunction with increased
temporal thalamocortical coherence suggests that
decreased regional activity in the thalamus may
paradoxically be associated with an increase in
thalamocortical synchrony. Alternatively there may be
upregulation of cortical activity (rather than thalamic
activity) which results in the observed increase in
thalamocortical synchrony. This increased synchrony
may influence the degree or severity of the
posttraumatic symptoms in patients.

Acknowledgement: This work was supported by NIH
grants numbers NS039135 and NS039135-08S1.

Key WORDS: Traumatic brain injury,
functional MR imaging, thalamo-cortical
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Correlation of Imaging and ex vivo Features of
Traumatic Brain Injury in a Trial of Pharmacologic
Neurotrauma Prophylaxis

Larvie, M.-Whalen, M.

Massachusetts General Hospital
Boston, MA
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PURPOSE

Traumatic brain injury (TBI) is a major public health
problem and is particularly significant in high-risk
activities, such as certain contact sports and military
action. The mechanisms of TBI vary depending upon the
type and severity of trauma, and may include both
primary injury that is a direct result of the impact as
well as secondary injuries that may be related to
intracranial hypertension, ischemia, cell death, and
damage to the blood-brain barrier (BBB). In particular,
loss of BBB integrity is associated with increased edema
and subsequent brain injury, including seizure disorder.
Consequently, we have investigated several
pharmacologic agents in search of a method to decrease
secondary injury, including several polymers that may
function as putative membrane resealing agents that
may help to restore BBB integrity.

MATERIALS & METHODS

We employed a model of TBI using a controlled cortical
impact with adult mice. The sequelae of TBI were
assessed with multiple animals and compared with
controls. Multiple assays were performed, including
MRI with T2 and DWI sequences using a small bore 9.4
T scanner, in vivo propidium iodide staining, ex vivo
measurement of wet-dry brain weight, and BBB leakage
assay using Evans blue extravasation. Motor and
cognitive functions were tested using wire grip and
Morris water maze tests, respectively. Controls included
sham TBI and animals treated with control vehicle
(PBS) in alternative to a pharmacologic agent.

RESULTS

One of the pharmacologic agents tested, a
vinylpyrrolidone-vinyl acetate copolymer, was found to
significantly reduce brain edema and subsequent lesion
size. Lesion volume was assessed by MRI, using both T2
and ADC signal abnormality. Volumes derived from the
T2 signal abnormality demonstrated a significant
difference in lesion size, with the lesions in the treated
animals approximately 38% (p<0.05) smaller than in
the untreated animals. Ex vivo studies showed
commensurate differences in brain edema, which was
reduced approximately 45% (p<0.005) in treated
animals. Blood-brain barrier leakage was decreased by
94% (p<0.005). Additionally, cognitive and motor
functions were greater in treated animals compared to
untreated.

CONCLUSION

We have identified an agent that results in improved
outcomes in TBI when administered within 1 hour
following injury, which represents a reasonable
therapeutic window for application in a variety of
clinical circumstances. This agent is a copolymer that
acts to reseal cell membranes, which may be related to
its pharmacologic mechanism of action. Brain lesion
volumes as measured by MR imaging correlate with
lesion size and characteristics as assessed by ex vivo
analyzes. These preclinical studies establish a paradigm
for translation to human clinical trials, in which drug
dose-response studies may be performed with
noninvasive MR imaging.

KEY WORDS: Traumatic brain injury, animal model,
prophylaxis
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Neuroimaging of Traumatic Brain Injury in the
Military at the National Intrepid Center of
Excellence

Riedy, G.-Wolfowitz, R.-Harper, ].-Melford, C.-Oakes, T. R.

National Intrepid Center of Excellence
Bethesda, MD

PURPOSE

To describe the initial neuroradiology findings in a
cohort of military members with traumatic brain injury
(TBI) seen at the National Intrepid Center of Excellence
(NICOE). The newly opened NICOE is dedicated to
military personnel experiencing symptoms of TBI and
psychological  health  conditions. The NICOE
neuroimaging assessment involves an integrated 3.0 T
MRI examination that incorporates high-resolution
anatomical imaging, functional MRI, diffusion tensor
imaging, perfusion, and MR spectroscopy. We present
the initial findings from the structural imaging portion
of the exam for 113 patients.

MATERIALS & METHODS

The study subjects were recruited from patients
referred to the NICOE. Among the 113 subjects (94.7%
male), the mean age was 33.0 years. The majority of
subjects were deployed at least twice. Eighty-seven
participants (77.0%) reported injuries with loss of
consciousness, 103 participants (91.2%) reported blast
exposure, and 94 participants (83.2%) reported
multiple injuries or blast exposures. Of all subjects,
27.4% reported two or more blasts or injuries within 1
month. The median time since most recent injury was
773 days. Commonly reported symptoms included
headaches, dizziness, irritabilityy, and memory
problems. Of the 113 subjects, 91.2% had mild TB],
7.1% had moderate TBI, and 1.7% had severe TBI. MR
imaging was performed using a 3.0 T GE 750 system
with an integrated protocol that examined various
aspects of TBI. The structural imaging portion included
1 mm isotropic voxels utilizing 3D volume sequences
for T1, T2, and T2 FLAIR. Microhemorrhage was
evaluated with routine GRE imaging and a customized
susceptibility-weighted imaging sequence. In addition,
pre and postcontrast T1 and T2 FLAIR images also were
acquired.

RESULTS

One hundred thirteen patients were scanned over 8
months, using this TBI protocol. Of the patients referred
to neuroimaging, 80.7% qualified for and received the
integrated TBI protocol. Two subjects received
truncated scans due to claustrophobia; three patients
were excluded because of shrapnel in critical locations.
Neuroradiologic assessment of the structural imaging
demonstrated likely or possible TBI findings in 66.4% of
the subjects (n = 75). Of those with positive findings,
37.3% had received prior MRIs that were read as
unremarkable. The most common finding was the
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presence of T2 hyperintensities in the white matter
(60.2%). Microhemorrhage was noted in 6.2% and
encephalomalacia was noted in 8.0%. Postcontrast T2
enhancement was seen in 18.6%, with surface veins
being the most likely source. Other findings include:
Cavum  septum  pellucidum (21.2%), dilated
perivascular spaces (27.4%), pituitary abnormalities
(8.0%), and mastoid fluid (16.8%).

CONCLUSION
Nearly all of the subjects referred for imaging at the
NICOE had at least one blast exposure.

Microhemorrhage was seen in a surprisingly small
percentage of subjects. Of the patients with positive
readings, 37.3% had prior MRIs without TBI findings.
Structural imaging using 1 mm isotropic voxels may be
more sensitive than routine imaging for the
identification of intracranial abnormalities, which may
be associated with brain injury. The presence of T2
hyperintensities within the white matter was the most
common finding among the subjects. While these
lesions are nonspecific, their presence in characteristic
locations in this young age group could be
representative of traumatic brain injury.

Key WoORDSs: Traumatic brain injury
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Traumatic Extravasation on Arterial Imaging
Predicts Hematoma Expansion in Traumatic Head
Injuries

Letourneau-Guillon, L.-Huynh, T.-Jakobovic, R.-Milwid,
R.-Aviv, R. L.

Sunnybrook Health Sciences Centre
Toronto, ON, CANADA

PURPOSE

Several studies have suggested that intrahematoma
contrast extravasation on computed tomography
angiography (CTA) predicts hematoma expansion, poor
outcome, and mortality in spontaneous intracerebral
hemorrhages (ICH). The purpose of this study was to
determine the predictive value of extravasation on CTA
for hematoma expansion, need for surgical drainage and
in-hospital mortality in traumatic head injuries.

MATERIALS & METHODS

We retrospectively reviewed trauma patients
presenting with at least one intracranial hematoma > 1
ml studied with CTA within 24 hours of admission.
Intracerebral, subdural (SDH) and epidural (EDH)
hematomas were included. Clinical, paraclinical and
imaging data were reviewed. Two readers blinded to
outcomes evaluated the CTA source images for the
presence of extravasation within the hematomas.
Volumetric assessment of the hematomas on both the
initial and follow-up imaging was performed using a
semiautomated software. Hematoma expansion was
defined as growth of > 6ml or > 33%. Univariate
analysis was performed with Fisher exact test and
Wilcoxon rank sum test.

RESULTS

Sixty patients admitted between July 2007 and August
2011 met the inclusion criteria. A total of 138
hemorrhagic lesions [83 (60%) intracerebral
hematomas, 44 (32%) subdural hematomas, 11 (8%)
epidural hematomas] were evaluated. Extravasation on
CTA was present in 41 (30%) hematomas. The
interobserver agreement for the presence of at least one
focus of contrast extravasation was high (k = 0.89; 95%
CI 0.79 - 0.97). Ninety-eight (71%) lesions had imaging
follow up. Lack of follow up was due to interval surgical
drainage [n = 14 (10%)] or mortality prior to follow up
[n = 26 (19%)]. Presence of contrast extravasation in
intra and extra axial hemorrhage was associated with
larger median final hematoma size (11.2 ml vs 2.2 ml],
p<. 001), median absolute expansion (respectively 1.7
ml vs 0.2 ml], p<. 01), median percentage expansion (56
.0% vs 12.3%, p = 0.02), expansion of at least 6 ml (OR
7.7; 95% CI 2.3-25.9, p<.01), expansion greater than 33
% (OR 2.8; 95% CI 1.1-7.5, p =0.04), need for surgical
drainage (OR 5.2; 95% CI 1.6-16-6, p<.01) and trend
towards higher in-hospital mortality (OR 1.8; 95% CI
0.8-3.7, p = 0.17). Among the different subtypes of
hematomas, contrast extravasation was associated with
significantly larger median final hematoma volume for
ICHs (6.7 vs 1.8 ml, p = 0.01) and SDHs (31.1 vs 3.8 ml, p
= 0.02), median absolute expansion for ICHs (2.2 vs 0.2
ml, p<.001), median percentage hematoma expansion
for ICHs (328% vs 34%, p<.001), expansion of at least 6
ml for ICHs (OR 8.3; 95% CI 1.6-41.3, p = 0.01) and
SDHs (OR 10.0; 95% CI 1.3-74.5, p = 0.03), expansion
greater than 33% for ICHs (OR 13.0; 95% CI 1.6-107.4,
p = 0.005), need for surgical drainage for ICHs (OR 10.9;
95% CI 1.1-112.0, p = 0.04), and higher in-hospital
mortality for SDHs (OR 5.5; 95% CI 1.4-22.2, p = 0.02).
Given the smaller sample size for epidural hematomas,
no significant trend could be identified for this
hematoma subtype.

CONCLUSION

Contrast extravasation identified on admission CTA in
the setting of traumatic head injuries provides
prognostic information regarding hematoma expansion,
need for surgical drainage and in-hospital mortality.

Key WoRDS: CT angiography, traumatic brain injury,
hematoma
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Practical Value of Canadian CT Head Rule in a Single
Institution: A Ground Reality

Arab, A. F.12:Ahmed, M. E.1:Khankan, A. A.1-Hussein, M.
A3

INational Guard Hospital, Riyadh, SAUDI ARABIA, 2King
Saud Bin Abdulaziz University for Health Sciences,
Riyadh, SAUDI ARABIA, 3King Abdullah International
Medical Research Center, Riyadh, SAUDI ARABIA

PURPOSE

The controversy of performing a cranial computed
tomography (CT) imaging for patients with minor head
injury was supposed to be resolved by the foundation of
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the Canadian CT Head Rule (CCHR) that was published
11 years ago. However, various reports in the current
literature have challenged their practical value. The
purpose of our study is to evaluate the compliance and
effectiveness of using the CCHR in a busy emergency
department in Saudi Arabia’s main trauma center.

MATERIALS & METHODS

A cross-sectional retrospective study of 386 patients
who presented to the emergency department from July
2010 to June 2011 with a mild head injury, was
conducted following the institutional review board
(IRB) approval. The patients were selected from the
emergency department registry out of 1,200 patients
with head trauma of the same period by systematic
randomization. The CCHR was reapplied on the
patients’ charts. A survey was generated to evaluate
emergency physicians’ level of education and
application of the CCHR and to evaluate their ability to
determine the necessity of CT scans by giving scenarios
of patients presenting to the emergency department
with  mild head injury. Two  experienced
neuroradiologists reviewed the CT scans of these
patients to evaluate the significance of the injury
according to the CCHR. The main outcome measure was
the need for neurosurgical intervention and clinically
important head injury on CT

RESULTS

The level of education regarding the CCHR was found to
be optimal among emergency physicians using case-
based scenario survey. However, 77.98% of the cranial
CT scans conducted were unjustified suggesting
noncompliance with CCHR by 36.54%. Patients who had
abnormal cranial CT scans findings constituted 2.65%
of the unjustified CT scans and 9.4% of the justified CT
scans. Abnormalities that were found in the eight
unjustified CT scans were not significant and no follow
up scans were performed. Whereas abnormalities found
on justified CT scans included a patient with
subarachnoid hemorrhage and skull fracture that had a
stable course on follow-up CT and a patient with
extradural hemorrhage, subdural hemorrhage, and skull
fracture which improved on follow-up CT.

CONCLUSION

The CCHR has a poor compliance potential in busy
emergency departments of trauma centers and may not
reduce the incidence of unjustified cranial CT scans.
Even when the guidelines are applied, they may not
prevent any unjustified CT scans.

Key WoRDs: CCHR, mild head injury, CT
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Combining Clinical Neuroimaging and Real-World
Mechanical Impact Data to Investigate Motor
Vehicle Crash-Related Subdural Hematoma

Urban, J.1.2-Whitlow, C. T.13-Maldjian, J. A.l-Powers, A.
K.1-Stitzel, J. D.12

1Wake Forest University School of Medicine, Winston-
Salem, NC, 2Virginia Tech - Wake Forest University
Center for Injury Biomechanics, Winston-Salem, NC,
3Translational Science Institute, Winston-Salem, NC

PURPOSE

Approximately 1.7 million people sustain a traumatic
brain injury (TBI) each year, with motor vehicle crash
(MVC) representing the leading cause for
hospitalization. Subdural hematoma (SDH) is a common
and serious consequence of MVC-related TBI that is
associated with high mortality and morbidity rates.
Little is known, however, about the relationship
between specific crash parameters and resulting
intracranial trauma, particularly as a function of age. In
this study, SDH volume and midline-shift were analyzed
in order to better understand occupant injury, with the
hypothesis that these traumatic neuroimaging findings
would correlate with specific crash parameters and age.

MATERIALS & METHODS

Head computed tomography (CT) demonstrating SDH
(n =57) were selected from the Crash Injury Research
Engineering Network (CIREN) database.
Semiautomated methods were used to quantify
intracranial volume. Acute SDHs were segmented
manually across serial axial CT images, providing total
SDH injury volume that was expressed as a percentage
of total intracranial volume for the purposes of
normalization (Figure 1). Midline-shift was measured at
the level of the Foramen of Monroe from the septum
pellucidum to the midsagittal anterior-posterior line.
The relationship between SDH volume, crash

parameters and occupant age then were investigated
using the
coefficient.

Pearson product-moment correlation

Figure 1. Example segmentation and three-
dimensional reconstruction of a  subdural
hematoma from known crash characteristics and
occupant parameters
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RESULTS

As expected, midline shift was positively correlated
with percent subdural volume (r2 = 0.3141, p>0.001).
Of all subdural hematoma patients who were drivers in
near-side crashes, injury severity score was positively
correlated with maximum crush of the vehicle (r2 =
0.3771, p = 0.0256). For all patients with midline shift >
0 who were drivers in frontal crashes, there was a trend
for increasing midline-shift with age (r2 = 0.6008, p =
0.0702). There was also a trend for positive correlation
between percent subdural hematoma volume and
deltaV (change in velocity of the vehicle during the
crash) for frontal crashes (r2 =0.1912, p = 0.0792).

CONCLUSION

This study is the first volumetric analysis of real-world
brain injuries using clinical CT and known mechanical
impact data. Results demonstrate an increase in
subdural volume by crash type that is correlated with
age. That older patients have a greater volume of SDH
suggests the possibility of traumatic rupture of bridging
veins in the setting of age-related atrophy as a potential
etiology for this finding. These data highlight the utility
of combining clinical neuroimaging with demographics
and mechanical crash data for investigating
mechanisms of TBI. Such data may be used in the future
to design safer cars and to inform diagnosis and
treatment algorithms for MVC-related head trauma.

KEY WORDS: Subdural hematoma, motor vehicle crash,
aging
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Differentiating Pseudo-Progression from True
Tumor Progression in High-Grade Gliomas Using
Morphologic Imaging Features and Radiation
Dosimetric Analysis of Morphologic Features

Agarwal, A.1*Kumar, S.1*Narang, ].1-Schultz, L.1-Flanders,
A.2-Mikkelsen, T.1-Jain, R.1

1Henry Ford Health System, Detroit, MI, 2Thomas
Jefferson University Hospital, Philadelphia, PA

PURPOSE

Pseudo progression (PsP) is a term used to describe
paradoxical increase of contrast enhancement within 12
weeks of chemoradiation therapy in gliomas
attributable to treatment effects rather than true tumor
progression (TTP). The purpose of this study was to
evaluate the utility of morphologic imaging features and
dosimetric analysis of MRI changes in differentiating
PsP from TTP.

MATERIALS & METHODS

Serial MRI examinations of 163 patients treated for a
high-grade glioma at the Henry Ford Hospital between
December 2008 and March 2011 were reviewed. Forty-
six patients (30%; mean age 56.7 years, 30 females and
16 males) showed a recurrent or progressive-enhancing
lesion (RPEL) within 12 weeks of radiotherapy. We
used an in-house modified scoring system based on 17
different morphologic features (modified VASARI
features) to assess the MRI studies. The size of the

enhancing component of the lesion was compared with
the baseline study and the percentage increase in size
was determined.The MRI changes were defined as
recurrent volume (Vre) and registered with
pretreatment CT dataset and the actual dose received
by the Vrec during treatment was calculated using dose-
volume histograms. The Vrec pattern was divided into:
1) "central,” in which more than 95% of the Viec was in
the original high dose field (D95 or 95% isodose line);
2) “in-field,” in which 80% to 95% of Vrec was inside the
D95; 3) “marginal,” in which 20 and 80% of Viec was
inside the D95; 4) “outside,” in which less than 20% of
Vrec was inside the D95. Comparisons among the two
groups were done using Fisher’s exact test for the
categorical features and Kruskal-Wallis for the ordinal
features.

RESULTS

Out of the 17 different morphologic MRI features
assessed to differentiate between PsP and TTP, the size
of the T2-FLAIR signal abnormality was larger in the
TTP group in comparison to PsP group (p = 0.002). The
percentage increase in size of the enhancing component
from the base line study was also larger in the TTP
group in comparion to the PsP group (p = 0.011). The
margins of the RPEL were poorly defined in PsP group
(100%) in comparison to the TTP group (72%) (p =
0.088). The enhancing lesion was seen to cross the
midline in 28% of patients in the TTP group in
comparison to none in the PsP group (p = 0.088). The
other morphologic MR features evaluated had no
predictive value in differentiating between the PsP and
TTP groups. Analysis of radiation dose distribution
showed that MRI changes were centrally located in PsP
and TTP groups with no significant difference.

CONCLUSION

Morphologic imaging features have a very limited role
in differentiating between PsP and TTP. Larger size of
the recurrent enhancing lesion is a useful MRI feature
favoring TTP rather than PsP. Lesions with poorly
defined margins and crossing midline are more likely to
represent TTP. There was no correlation between the
pattern of MRI changes and radiation dose distribution
between PsP and TTP. Hence, functional MR imaging
may provide additional physiologic information needed
in differentiating between PsP and TTP.

Key WORDSs:
progression

Glioma, pseudoprogression, tumor
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Asymmetry of the Hippocampus at 3 T: From the
Dallas Heart Study

Lucarellj, R. T.-King, K. S.

University of Texas Southwestern Medical School
Dallas, TX

PURPOSE

A basic detection algorithm in neuroradiology is the use
of asymmetry to identify abnormalities. This principle is
essential to the lateralization of the seizure focus in
intractable temporal lobe epilepsy. The imaging
markers of mesial temporal sclerosis consist of
hippocampal volume asymmetry, T2 prolongation, and
loss of internal architecture. Asymmetry of hippocampal
volumes also has been suggested to be more accurate
than total volume in predicting cognitive impairment.
Initial investigators asserted that even minor
asymmetry in the hippocampus is highly specific for
disease. It was soon recognized, however, that to
understand the specificity and sensitivity of asymmetry
for detection of disease it was necessary to establish the
range of values in the general population. Previous
meta-analysis of multiple smaller studies demonstrated
right left asymmetry of the hippocampus in the general
population, but was based primarily on studies using
user-guided segmentation. Recently, it has been shown
that there is a bias in these user-directed segmentations
of right versus left structures. New programs, such as
FSL and Freesurfer, have allowed automatic
segmentation of the hippocampus and other deep brain
nuclei. We report here an evaluation of a large
community-based cohort, with right left hippocampal
asymmetry data along with an evaluation of how this
varies across the adult lifespan.

MATERIALS & METHODS

Whole-brain 3D-MPRAGE MR images were obtained at
3 T on 1545 Dallas Heart Study participants including
878 females and 667 males aged 19-85 years.
Quantification of MR images was achieved with FMIRB
software library (FSL) and hippocampal volume data
were collected using FSLstats routine. Relative
hippocampal difference was calculated using total
hippocampal volume in each subject. Statistical
significance was determined with two-tailed t-tests
performed with SAS version 9.2.

RESULTS

Right relative hippocampal volume is greater than left
hippocampal volume (mean 4.87%, p = 0.001) in the
Dallas Heart Study population. Men have slightly more
asymmetry (5.38%, p = 0.001) than females (4.53%, p =
0.001). There is significant variability across the
population in the degree of asymmetry, with most
participants having less than 10% asymmetry,
regardless of age. However there is an increase in the
relative difference of right vs left hippocampal. volumes
associated with increasing age (Table 1).

Table 1 - Absolute Percent Difference Between Right
and Left Hippocampi

Age 1st Quartile | Median |3rd Quartile | 90%ile
20-29 1.81% 2.65% 5.46% 7.93%
30-39 1.48% 3.15% 5.36% 8.90%
40-49 1.70% 3.78% 6.56% 12.43%
50-59 1.57% 3.61% 6.75% 11.54%
60-69 1.56% 3.76% 6.80% 10.69%
70-79 3.06% 4.42% 7.24% 11.45%
CONCLUSION

Here we provide normal ranges of hippocampal
asymmetry in a large community-based cohort with a
wide range of ages and with diverse ethnic
representation. We further demonstrate that these
values vary with age and sex. These data will be useful
in the neuroanatomical analysis of the hippocampus as
it relates to a wide range of pathology.

Key WORDs: Asymmetry, hippocampus, normal
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Hippocampal Asymmetry in Patients with and
without History of Seizure

Wrycliffe, N. D.-Volokhina, Y.-Oyoyo, U.-Kido, D.

Loma Linda University Medical Center
Loma Linda, CA

PURPOSE

The diagnosis of subtle hippocampal sclerosis is difficult
when there is normal asymmetry of the hippocampus.
The purpose of this retrospective study was to see if the
hippocampal asymmetry could be correlated to EEG
abnormality in patients with history of seizure and to
determine the incidence of asymmetry in patients with
and without history of seizure.

MATERIALS & METHODS

This retrospective study is IRB and HIPPA compliant.
High-resolution T2-weighted coronal images of the
temporal lobes obtained for evaluation of seizure in 55
patients in 3 T Siemens Trio Tim MRI scanners were
reviewed retrospectively . Presence or absences of EEG
abnormality in the temporal lobes was noted in patients
with seizure from chart review. MR imaging of a second
group of 100 patients without history of seizure also
was reviewed. For these patients 1 mm thick coronal
images were reformatted in standard coronal viewing
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plane for hippocampus from T2-weighted 3D acquired
source images obtained at 3 T Siemens Trio Tim MRI
scanners, using the Aquarius NET (AgNET) software.
The hippocampi of the patients from both groups were
examined for the size, shape and any abnormal T2
lengthening. For data acquisition, the hippocampus size
were designated in a scale of 5, 1 being flat, 3 being oval
and 5 being round, 2 being intermediate between 1 and
3 and 4 being intermediate between 3 and 5.

RESULTS

Out of 55 cases of patients with history of seizure, five
had abnormal EEG in the temporal lobes. Out of these
five patients, three had symmetrical hippocampi and
two had asymmetry of the hippocampus. One patient
with symmetric hippocampus had T2 lengthening in
both hippocampi consistent with hippocampal sclerosis.
Of the remaining 50 patients in the seizure group with
negative EEG, 22(44%) had symmetrical hippocampi
and 28 (56%) had asymmetric hippocampi. The 100
nonseizure group of patients was divided equally with
50 patients (50%) showing symmetric hippocampi and
50 (50%) showing asymmetric hippocampi. The shape
and area of the hippocampi were independent of the
age and sex of patients in both groups. Majority of the
symmetric hippocampi were of shape 2, intermediate
between flat and oval, in both seizure (24%) and
nonseizure (32%) groups. Symmetric oval shape was
seen in 10% in the seizure patients and 12% in
nonseizure patients. Among the patients with
asymmetrical hippocampi, there was more frequent
oval and round shape noted in the left side compared to
the right side. The distribution patterns of asymmetry
between the right and the left hippocampi did not
correlate with history of seizure.

CONCLUSION

Asymmetry of the hippocampus between the right and
the left side is a common finding in both seizure and
nonseizure patients and does not in itself represent
hippocampal sclerosis.

KEeY WoRDS: Hippocampus, asymmetry, non-seizure
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Semi-Automated Landmark Identification Method
Used to Quantify Age-Related Shape Change of Brain
Structures

Urban, . E.1-Maldjian, J. A.2-Whitlow, C. T.23-Stitzel, J. D.1

Virginia Tech - Wake Forest University Center for
Injury Biomechanics, Winston-Salem, NC, ZWake Forest
University School of Medicine, Winston-Salem, NC,
3Translational Science Institute, Winston-Salem, NC

PURPOSE

Various structures within the brain are associated with
aging. The ventricles are known to enlarge with age as
the cerebrospinal fluid (CSF) increases. The
hippocampus volume loss has been correlated closely
with the development of Alzheimer disease. The
objective of this study is to describe the size and shape
changes of the adult ventricles and hippocampus using

a semiautomated method for acquiring landmark data
followed by a geometric morphometric analysis
technique. The methodology developed is a multiple-
step processing of magnetic resonance images (MRI) in
a brain atlas.

MATERIALS & METHODS

The MRI data were collected for patients ranging from
ages 20 to 96 years old and grouped by decade to create
group-specific ~ templates. Each template was
normalized to an atlas in Montreal Neurological
Institute (MNI) space using a high-dimensional
nonlinear transformation procedure. Preexisting label
maps in MNI space and a manually segmented label
map of the lateral ventricles were applied to segment
structures of the brain and establish homologous
landmarks surrounding the axial surface of the
structures. The homologous landmarks were
transformed back to patient space for output of each
landmark as point cloud data. A Generalized Procrustes
Analysis (GPA) was completed for the homologous
landmarks to determine the size and shape differences
of the ventricles and hippocampus. The coordinate
locations were regressed onto age, which generated a
model predicting the landmark location for each age.
Permutation testing of 1x105 random trials was used to
assess the model significance.

RESULTS

Complete landmark datasets were collected for all
subjects. Significant differences in anterior/posterior
(AP), medial/lateral (ML), and cranial/caudal (CC)
directions were observed with age for the hippocampus
(P<0.0001). A significant nonlinear decrease in the
posterior CC measurement until age 80 was followed by
an increase until age 100 (P<0.0001). Hippopcampus
landmarks remained relatively static until age 60 where
a dynamic change was observed along the hippocampal
tail. A significant nonlinear increase was observed in all
directions along the lateral ventricle, exponentially
increasing after age 40 (P<0.0001). All findings are in
parallel with clinical findings associated with aging.

A) B)

80 100

A, Two-dimensional segmentation of the
hippocampus:; B. Three-dimensional reconstruction
of the hippocampus (front view); C. Quadratic
model results for size and shape change of the
hippocampus fromage 20 to 100.

CONCLUSION
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This novel method of semiautomated landmark
identification will allow for the creation of mapping
functions to describe age-associated size and shape
changes of the brain with regard to structure. This work
may lead to a better understanding of how brain
morphology is correlated to biomechanics and
functional outcomes of traumatic brain injury.

KEY WORDSs: Aging, image registration, morphometric
analysis
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Imaging Paleocortical Lamination Patterns of the
Adult Human Olfactory Bulb and Tract: Comparison
of Standard- and High-Resolution 3 T MR Imaging
and MR Microscopy at 9.4 T

Burmeister, H. P.1-Bitter, T.1-Heiler, P. M.2-Irintchev,
A.l-Froeber, R.1:Dietzel, M.1-Baltzer, P. A.
T.t-Reichenbach, J. R.1-Schad, L. R.2-Gudziol,
H.1-:Guntinas-Lichius, 0.1:Kaiser, W. A.1
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Jena, GERMANY, 2Heidelberg University, Mannheim,
GERMANY

PURPOSE

Neurologic and smelling disorders (e.g, Alzheimer
disease, sinonasal disease) negatively affect the
microstructural integrity of the olfactory bulb's (OB)
paleocortical layers. Recovery processes depend on
active restoration of this microstructural integrity
enabled by neuroneogenesis in the OB. The aim of this
study was to evaluate lamination patterns of the OB and
adjacent tract (OT) using high resolution MRI at 3 T as
well as MR microscopy at 9.4 T in comparison with
histologic sections.

MATERIALS & METHODS

Twenty-four human OBs were imaged in vitro using
standard (2 mm slice thickness) and high-resolution
(0.2 mm slice thickness) T1-weighted and T2-weighted
MR imaging at 3 T. Based on signal intensity differences,
the number of OB layers and the OB lamination patterns
were assessed by two observers in consensus. Results
were compared using Wilcoxon test. Signal intensity
profiles were compared to reference Nissl stained
histologic sections and imaging results of MR
microscopy. OT lamination patterns were assessed and
different configurations of cross-sectional areas were
compared to macroscopic results and OB/OT
lamination patterns.

RESULTS

Standard resolution at 3 T identified three layers in
8.3%, two layers in 83.3%, and one layer in 8.3%. High-
resolution at 3 T (4 layers in 91.7%, 3 layers in 8.3%)
significantly performed better (P<0.001). Signal
intensity profile analysis at 3 T (figure) and 9.4 T
(vielding up to six different signal intensities)
correlated with histologic sections and enabled
quantitative evaluation of OB lamination patterns. 3 T
MRI of the OT revealed two separate signal intensities
in T2-weighted in 73%, a hyperintense core and a

hypointense sheath, and the number of OT signal
intensities positively correlated (p = 0.541, P = 0.006)
with the increasing complexity of the OT's cross-
sectional area configurations. Additionally, cross-
sectional area configurations correlated with
macroscopic results (p = 0.558, P = 0.002) and OB
lamination patterns (p = 0.446, P = 0.022).
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CONCLUSION
Signal intensity profile analysis is suitable to

differentiate OB and OT paleocortical layers. Therefore,
signal intensity profile analysis may be used as a
valuable tool to assess OB recovery processes in
neurodegenerative/neuropsychiatric  and  smelling
disorders or to estimate general regeneration abilities
of the brain (as pars pro toto) at the level of group
comparisons in future studies.

Key WORDS:
neuroneogenesis

Olfactory bulb, MR microscopy,
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Deformable Anatomical Templates Validation Using
Functional MR Imaging of the Motor Hand Region

Hamilton, ]J. D.1*Kumar, V. A.1*Hayman, L.2-Prabhu, S.
S.1-Hou, P.1+Jackson, E. F.1:Groneman, M.2-Pagani,
J.2-Vabulas, M.2:Kumar, A. J.1

1IM.D. Anderson Cancer Center, Houston, TX, 2Anatom-e
Information Systems, Ltd., Houston, TX

PURPOSE

This study evaluated the concordance between the
Deformable Anatomical Template (DAT)-identified
origin of motor hand fibers and localization of the
motor cortex of the hand (MCH) by functional magnetic
resonance imaging (fMRI).

MATERIALS & METHODS

Preoperative fMRI during hand motor tasks was
performed on 36 hemispheres in 26 patients with
gliomas in or near eloquent areas, with a range of
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histologies and patient ages. The DAT (Anatom-e
Workstation, Houston, TX) is a 3D reference template of
a normal volunteer’s brain with 1,185 segmented
labelled structures which undergo linear fitting to the
global supratentorial cortical contours of the patients’
MRI. The fMRI data were gathered using a one or two
hand motor task with thresholding via an AFNI
workstation (NIH Bethesda, MD) to the optimal balance
of signal to noise. To facilitate visual analysis, the fMRI
of the hand examinations were reformatted into a
volume-rendered surface view superimposed on
precontrast 3D T1 MR images containing the hand
motor fibers of the DAT. Five reviewers assessed the
data for concordance between DAT, fMRI and when
necessary anatomical landmarks.

RESULTS

Available fMRI data were diagnostically usable in 92%
(33 of 36 analyzed hemispheres), with DAT anatomical
accuracy in the remaining cases. The DAT prediction
and fMRI findings were concordant in all nine normal
hemispheres and in 20 of 24 (83%) glioma-bearing
hemispheres. The inter-rater reliability was very good.
The activity from fMRI tended to be located near the
central sulcus while the DAT localized to the anatomical
position of the MCH (i.e., the hand knob). The four
discordant cases resulted from substantial mass effect
by large frontal tumors. In these cases the DAT localized
the fibers to the precentral sulcus with % to 1 gyrus of
posterior shift (6-10 mm). Unlike tumor histology,
gender or age, the location of the tumor was significant
in predicting the mismatch between DAT and fMRI (P =
0.02). A different pattern of mass effect was noted in the
three patients who had previous operation, compared
to the one surgically naive patient.

CONCLUSION
This study validated DAT’s anatomical atlas and
alignment process for the expected position of the MCH.

KEY WORDS: Brain atlas, functional MR imaging, glial
tumor

0-69 11:10 AM - 11:18 AM

Parameters from Arterial Spin Labeling and DSC MR
Imaging Identify Watershed Regions in the Human
Brain

Thompson, G.-Jackson, A.

University of Manchester
Manchester, UNITED KINGDOM

PURPOSE

Knowledge of arterial watershed regions in the brain is
used to identify tissue which may be at risk during
times of cerebral perfusion autoregulatory failure, or
metabolic stress in the brain parenchyma. This applies
to acute insults during systemic hypoperfusion and
stroke, and longer-term insults through chronic
metabolic or autoregulatory change implicated in
diseases such as Alzheimer. While many hard copy
atlases exist depicting watershed regions in the brain,
and these areas are well known empirically among

neuroradiologiats, few if any atlases are available in
commonly used template space for groupwise analysis
of disease with respect to watershed zones. Vessel
selective arterial spin labeling (ASL) can identify
regional perfusion but it can be difficult to implement.
We wished to identify methods to interrogate
watershed regions from the timing parameters derived
form perfusion-weighted imaging (PWI) that could be
used individually, and in a template or atlas format in
MNI space.

MATERIALS & METHODS

Fourteen young, healthy volunteers [5 M:9 F, mean 29.2
(29-48) years] underwent ASL and DSC MRI imaging at
3 T on two separate occasions. Phase contrast
angiography was used to ensure all participants had a
nonvariant circle of Willis, and normal flow
characteristics in the internal carotid and
vertebrobasilar arteries. Arrival time (tA) was derived
from multiinversion ASL, and mean transit time (MTT),
arrival time (T0) and time to peak (TTP) were derived
from DSC using gamma-variate fitting. These were
constructed into templates in MNI space using FSL and
skeletonized to identify border zones of delayed or
prolonged timing parameters.

RESULTS
The timing parameters from perfusion-weighted MR
provide a probabilistic identification of major arterial
territory watershed zones, in addition to perforating
watershed zones in subcortical tissues. When
constructed into a template in MNI space, there is good
subjective correlation between the watershed zones
identified here, and current hard copy atlases and MCA
territory from a recent nuclear medicine study. The
figure demonstrates the anterior, posterior, middle,
thalamic and lenticulostriate territories and respective
borderzones in MNI space as defined by these methods.

CONCLUSION

We have demonstrated the use of PWI timing
parameters for the identification of watershed regions
in the brain, and used them to create a template in MNI
space. While this currently is limited to those with
normal cerebrovascular anatomy and flow, it may help
in the analysis of imaging data in which subjective
anatomical delineations of watershed regions currently
are employed. An atlas also is definable.

KEY WORDS: ASL, DSC, watershed
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Quantitative Magnetization Transfer and Diffusion
Tensor Imaging Provide Complementary White
Matter Information

Thompson, G.1-Zhao, S.1-Miller, P.2-Parker, G. J.
M.1-Jackson, A.1

1University of Manchester, Manchester, UNITED
KINGDOM, 2University of Oxford, Oxford, UNITED
KINGDOM

PURPOSE

Diffusion tensor imaging (DTI) and magnetization
transfer (MT) imaging have been used to study white
matter (WM) in health and disease. Diffusion tensor
imaging-derived fractional anisotropy (FA) correlates
with fiber orientation, density, and caliber. Voxels with
coherent fiber directions and greater density exhibit
higher FA. The bound fraction (f) from quantitative MT
imaging (qMT) relates to the macromolecular content of
the voxel. In the brain, this has been shown to relate to
myelination, although other macromolecules make this
relationship more complex. The relationship between
these parameters may provide further insights into WM
in development and disease. We aimed to compare qMT
f and FA values to assess the relationship between these
two distinct WM parameters. A secondary objective was
to determine whether whole brain qMT f could be
derived without the need for B1 field correction, even at
higher field strengths.

MATERIALS & METHODS

Whole brain gqMT f and FA maps were generated for 26
healthy volunteers at 3 T. High-resolution (1x1x1mm)
T1-weighted images were acquired and nonlinearly
registered to MNI152 space. The resulting warps were
applied to the f and FA maps to produce respective
templates in MNI space. The JHU white matter atlas was
used to extract the values of FA and f in six midline and
21 paired WM structures. Crossing fibers were
identified using BedpostX.

RESULTS

In 35/48 of tracts examined, FA was correlated
significantly directly to f (blue). In the corona radiata,
however (6/48), voxels were found with high f but low
FA (green). No significant relationships were observed
for gray matter. The subcortical white matter exhibited
low FA but intermediate f. Clustering of regions which
did not exhibit direct FA/f correlation revealed a
pattern consistent with crossing fibers. It was
confirmed that for f, even at 3 T, there is no need for B1
correction.

biA
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CONCLUSION

Within major white matter tracts, qMT f is directly
correlated with FA (blue, red), except in areas where
lower FA is likely related to fiber crossing and
directional heterogeneity within tracts (green). This
pattern also is seen in the subcortical region, where U-
fibers exhibit myelination and intermediate f, but
intravoxel directional change and low FA. The
combination of f and FA has potential to characterize
WM structure, and may provide further complementary
information to assess and quantify the structural
changes occurring during development and disease.
Finally, f can be measured at 3 T without the need for
B1 homogeneity correction.

Key WoRrDs: gqMT, Diffusion tensor imaging, white
matter

0-71 11:26 AM - 11:34 AM

Structural Changes in the Central Nervous System of
North Sea Divers

Moen, G.-Griiner, R.

Haukeland University Hospital
N- 5021 Bergen, NORWAY

PURPOSE

Diving is associated with a risk of cerebral
decompression illness, and the prevalence of neurologic
symptoms is higher in divers compared with control
groups. Microvascular dysfunction due to gas
mircoembolism and exposure to hyperoxia are possible
mechanisms which may result in the microstructural
and microvascular deficits found in these divers. Early
neuropathologic studies in few subjects have shown
evidence of injury and focal degeneration in gray matter
and white matter. The purpose of this study was thus to
use conventional MRI to investigate if the following
parameters would be more prevalent among
symptomatic divers; volumetric changes of common
brain structures, abundance of hyperintense lesions,
abundance of focal hemorrhages.

MATERIALS & METHODS

Divers (N = 91, 51 + 7 years) with an average
experience of 15 years (range 3 - 38 years) of
professional diving were compared to an age, height
and body weight-matched control group (N = 45,53 +7
years). On average, the divers performed work on
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maximal diving depths of 176 meters (range 85 - 500
meters). Extensive conventional imaging of head,
medulla and columna, including diffusion and perfusion
imaging, was performed on a 1.5 T MRI system.
Structural images were assessed by two experienced
neuroradiologists. Additionally, two MPRAGE (3D T1,
TE/TI/TR = 4/20/9.7, 1 mm3) per participant were
averaged and automatically segmented using the
Freesurfer software. Significance was tested using two-
tailed student t-tests (p <0.05).

RESULTS

Significant volume reduction of the left hippocampus
was seen in the divers compared to controls, while at
the same time the volume of the left inferior lateral
ventricle was larger. Also, the cortex and white matter
of the left cerebellum were reduced. There was no
difference in the number of hyperintense lesions in the
right hemisphere, the left hemisphere, the brain stem,
or in left of right cerebella hemisphere. Similarly, the
number of focal hemorrhages did not differ in these
regions between the two groups.

CONCLUSION

Volumetric changes in the hippocampus and cerebellum
are in agreement with the recently reduced ADC values
reported in these areas in the same divers. The increase
of ventricular size in the hippocampus region could be
indicative of regional atrophy. In combination with
negative findings of the prevalence of hyperintense
lesion or focal hemorrhages, the results suggest the
presence of subtle, microscale deficits. These findings
may explain some of the long-term clinical symptoms
reported among professional divers.

KEY WORDS: Anatomy, diving, MR imaging

0-72 11:34 AM - 11:42 AM

Added Information of FIESTA Sequence in
Stenoocclusive Vertebrobasilar Dissection

Jun, S.-Chang, H.-Kim, M.

Keimyung University Hospital
Daegu, KOREA, REPUBLIC OF

PURPOSE

Time-of-flight (TOF) magnetic resonance angiography
(MRA) provides useful information about pathologies in
intracranial vessels. But, TOF MRA gives limited
information in intracranial occlusion or severe stenosis
due to decreased flow signal intensities. So we added
and evaluated FIESTA sequence for detection of
vertebrobasilar artery (VBA) dissection.

MATERIALS & METHODS

We performed additional FIESTA sequence in 79 of
patients diagnosed as VBA luminal abnormality (include
stenosis, occlusion and dilatation) by means of TOF
MRA. And we compared TOF MRA with FIESTA for
detection of VBA dissection.

RESULTS

In four aneurysmal type VBA dissections, both TOF MRA
and FIESTA sequence could detect the lesions. In 23
steno-occlusion type VBA dissections, TOF MRA could
not detect the lesions, whereas FIESTA sequence could
depict the lesions. In remained 52 patients, 31 patients
were diagnosed as hypoplasia and/or atherosclerosis,
19 patients were allocated as indeterminate group (1
patient was finally diagnosed as reversible vaso-
constriction syndrome after the follow-up MRI).

CONCLUSION

FIESTA sequence may give additional information in
steno-occlusive VA dissection.

KEey WoRDs: Dissection, angiography, MR imaging

0-73 11:42 AM - 11:50 AM

Evaluation and Classification of the Intracranial
Dural Sinuses by Radiologic Imaging Methods

Gokce, E.-Pinarbasili, T.-Acu, B.-Firat, M. M.-Erkorkmaz,
U.

Gaziosmanpasa University

Tokat, TURKEY

PURPOSE

Dural venous sinuses (DVS) are often asymmetrical and
have more variations than the arterial system. Cerebral
vein configurations may show variations not only
among individuals but also in the two hemispheres of
the same person. The literature points out that the
classification of the torcular herophili (TH) is carried
mostly out by the anatomical studies. This study aims at
evaluating the DVS, and classifying their types and
variations by using imaging methods.

MATERIALS & METHODS

In this study, the DVS of the 394 patients aged 7-85
were classified on the basis of TH. 209 of the patients
were females and 185 were males. Between the years
2006 and 2011, they were examined by 2D TOF MRV,
contrast-enhanced 3D SPGR MRI and cerebral DSA
studies. Furthermore, occipital sinus (0OS), transverse
sinuses (TS), straight sinus, superior (SSS) and inferior
(ISS) sagittal sinuses were evaluated one by one to
determine eventual variations.

RESULTS

The group in which SSS, straight and the two TS
constituting TH were connected directly to each other
was identified as the true confluence (Type I). The
group with the connection of three out of four sinuses
was defined as pseudo-confluence (Type II). The group
with only two connected sinuses was considered as
nonconfluence (Type III). The most common type was
pseudo-confluence (Type II). Pseudo-confluence was
divided into five sub-groups ranging from Type IIA to
Type IIE. Occipital sinus was detected in 15% of the
patients. As for the TS the codominant type with equal
calibers was the most common. Straight sinus, superior
was found duplicated in 90 (22.8%) cases and the
straight sinus in 95 (24.1%) cases. The coexistence of
the left TS agenesis and OS, the coexistence of pseudo-
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confluence type torcular and OS, the coexistence of
fenestrated straight sinus and OS, the fenestrated
straight sinus existence in female gender were
statistically significant.

CONCLUSION

Considering the possible complications, it is important
to evaluate DVS and to determine their variations with
appropriate imaging techniques for the assessment of
radical neck dissections, cerebrovascular diseases, brain
tumors, and making posterior cranial fossa or occipital
surgical decisions. Flow gap is mistaken as the pseudo
TS agenesis in 2D TOF MRV. Therefore, 2D TOF MRV
examination is not sufficient by itself for the assessment
of the DVS and it has to be correlated with other
techniques. As the DVS demonstrate different filling in
terms of the injected artery and the direction of the
injection during the intraarterial DSA, the assessment
should be performed with bilateral selective ICA and VA
injections with all the projections. Dural venous sinuses
were visualized satisfactorily by contrast-enhanced 3D
SPGR MRI. Torcular herophili were classified more
accurately with MIP images from different angles. Dural
venous sinus are varied considerably, and the literature
lacks of an exact classification of the variations detected
in this study. Hence we reclassified the DVS on the basis
of imaging findings and presented this work for clinical
purposes.

KEeY WORDS: Dural venous sinuses, radiologic imaging
methods, torcular herophili

0-74 11:50 AM - 11:58 AM

Effect of Breathing Pattern on Hemodynamics
during Spinal Angiography

Klostranec, J. M.1-Gailloud, P.2

1University of Toronto, Toronto, ON, CANADA, 2Johns
Hopkins University, Baltimore, MD

PURPOSE

Spinal digital subtraction angiography (SpDSA) is the
gold standard imaging technique for the investigation of
spinal cord vascular disorders, and plays an important
role in the planning of their endovascular or
microsurgical management. Spinal DSA is performed
most commonly under conscious sedation (CS), and
endovascular treatment under general anesthesia (GA).
In either case, changes in intrathoracic pressure (ITP)
may occur with variations in breathing patterns, and
have an impact on intrathoracic blood vessel patency
and flow patterns. We report five observations in which
a change in breathing pattern modified the content and
significance of SpDSA images.

MATERIALS & METHODS

Case 1 - 60-year-old woman investigated for a suspicion
of vascular malformation, negative angiogram. Case 2 -
54-year-old woman  undergoing  endovascular
treatment of a spinal epidural arteriovenous fistula
(SEAVF). Case 3 - 45-year-old woman undergoing
endovascular treatment of a spinal arteriovenous fistula
(SDAVF). Case 4 - 26-year-old man investigated for a

suspicion of vascular malformation, diagnosed with a
SEAVF. Case 5 - 59-year-old woman undergoing
endovascular treatment of a spinal epidural
arteriovenous fistula (SEAVF). Breathing patterns were
controlled either by ventilator settings in patients under
GA (2, 3, 5), or by the patients themselves at the request
of the angiographer when under CS (1, 4).

RESULTS
Case 1 illustrates the wide alterations in collateral
branches documented with or without breath hold
(Figure), showing that detection of potentially
dangerous collateral pathways may depend on the
breathing pattern. Cases 2 and 3 show two instances in
which small anterior or posterior spinal arteries
associated with vascular malformations were not
detected during initial SpDSA performed under CS, but
were visible at the time of treatment under GA with
breath hold, leading in one case to a modification of the
endovascular approach, in the other to a change from
endovascular to surgical management. Cases 4 and 5
document the modification of the venous drainage of
SEAVFs with change in breathing patterns; during
breath hold, the drainage was towards intrathoracic
paravertebral veins only, while during a Valsalva
maneuver, it was mostly or only redirected towards the
epidural plexus. Such changes may influence the
i of small vascular lesions.
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CONCLUSION

We present five cases in which ITP changes resulting
from alterations in breathing pattern modified the
content and significance of SpDSA images. Repeating
injections under various breathing conditions may
increase the collected angiographic information, in
particular when characterizing spinal vascular
malformations, or when facing suspicious angiographic
findings.

Key WoORDs: Spinal intrathoracic
pressure, hemodynamics

angiography,
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0-75 11:58 AM - 12:06 PM

Common Peroneal Neuropathy: How Much 3 T MR
Neurography Adds?

Chalian, M.-Thawait, G. K.-Thawait, S. K.-Del Grande,
F.-Chhabra, A.

The Johns Hopkins Hospital
Baltimore, MD

PURPOSE

To examine diagnostic accuracy of semiquantitative and
qualitative magnetic resonance neurography (MRN)
criteria in common peroneal nerve (CPN) neuropathy.

MATERIALS & METHODS

Institutional review board approval was obtained with
waiver of informed consent for this HIPPA compliant
retrospective study. A review of 28 knees in 28 subjects
(12 men, 16 women; age range 13 to 84 years, mean age
42 + 20 years) who had undergone MR neurography of
the knee was performed. Thirteen patients who had a
final diagnosis of CPN were classified as cases and 15
patients who lacked a final diagnosis of CPN neuropathy
were classified as controls. Morphologic characteristics
of the CPN including nerve T2 signal intensity, nerve
size, nerve course, fascicles morphology, regional
muscle edema and fatty infiltration, and an overall
assessment of the CPN as being normal or abnormal
were evaluated by two independent radiologists
blinded to the clinical history. Overall sensitivity,
specificity, and accuracy compared against our
reference standards were expressed as percentages.
Interobserver agreements were assessed using linear
weighted kappa statistics.

RESULTS

Common peroneal neve T2 signal abnormality had the
highest sensitivity (77%) in identifying CPN
neuropathy. Except for T2 signal abnormality, overall
specificity for the nerve morphologic parameters and
muscle denervation change assessed was fairly high,
ranging from 73% to 100%. The consensus accuracy
ranged from 68 to 79% for the morphologic
characteristics assessed. The interobserver
reproducibility was very good (k = 0.90 to 0.91) for
assessment of regional muscle denervation changes and
moderate (k = 0.46 to 0.59) for morphologic CPN
characteristics.

CONCLUSION

MR neurography is a useful modality in supplementing
the diagnosis of common peroneal neuropathy. Utilizing
a predefined classification criteria helps standardize the
morphologic criteria of CPN neuropathy diagnosis.

KEY WORDS: Common peroneal nerve, neuropathy, MR
neurography
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0-76 1:00 PM - 1:25 PM

fMRI

Jeffrey R. Petrella, MD

Radiology, Duke University Medical Center
Durham, NC, USA

PRESENTATION SUMMARY

Functional MRI (fMRI) has been on the medical imaging
horizon for more than twenty years, and many
commercial MRI scanners sold today are capable of
implementing this fMRI; however, this technique is
currently underutilized in clinical care. To date, the
most important clinical application of fMRI is as an aid
to identify functionally eloquent cortex for presurgical
planning in patients with potentially resectable brain
lesions, such as tumors and epileptogenic foci.

There are multiple barriers to adoption of fMRI in
everyday clinical practice. Because fMRI requires a
patient’s active engagement in a task, it constitutes a
fundamental departure from the traditional approach to
clinical MRI scanning, in which technologists execute an
appropriate series of pulse sequences and patients are
instructed only to remain stilLfMRI is most effective in a
cooperative patient with adequate vision or hearing,
capable of following directions, sometimes a significant
challenge in critically ill, elderly or pediatric patients.
There is a significant learning curve involving both
technical and interpretive aspects of fMRI. In addition to
an MRI scanner with sufficient, field strength, gradient
strength and speed, fMRI requires additional hardware
and software for stimulus presentation and imaging
analysis to make the scanner truly “fMRI-
ready”.Significant attention to quality control,
particularly monitoring of patient motion and task
engagement are needed to obtain adequate confidence
in information for presurgical planning. The
interpreting radiologist must gain considerable
experience with a particular paradigm or set of
paradigms. Apriori knowledge of putative eloquent
activation sites can greatly aid in the interpretation of
noisy scans, or those with weak activation. Knowledge
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of gyral anatomy in three planes is important for
accurately describing the location and extent of
clinically relevant activation foci.

Incorporation of fMRI as a standard part of
neuroradiology fellowship curriculum, as well as mini-
fellowships  consisting ofcase reviewsand the
opportunity to observe patient training and
scanning,are methods to gain sufficient experience to
begin implementation.A number of 3rd party vendors
now offer “turn-key” solutions, involving hardware
software as well as intensive one-on-one training to
train technologists in performing fMRI exams. Several
organizations, including the American Society of
Functional Neuroradiology and the fMRI subcommittee
of the Quantitative Imaging Biomarkers Alliance, are

working with academia and industry to create
standards for fMRI acquisition, analysis and
interpretation.  Such  efforts  should greatly

facilitatewidespread adoption of fMRI into clinical
practice.

0-77 1:25 PM - 1:50 PM

ASL

Joseph A. Maldjian, MD

Wake Forest University School of Medicine
Winston-Salem, NC, USA

PRESENTATION SUMMARY

ASL imaging has been in development for over a decade
[1-3]. During this time, it has remained predominantly a
research tool. With the recent availability of the
technique from a variety of MRI vendors, ASL is now
entering more broadly into the clinical realm. Unlike
conventional bolus gadolinium techniques, ASL does not
require intravenous contrast, is quantitative, and is
readily repeatable. ASL applications are evolving as
clinical experience is gained with this technique. At
Wake Forest University School of Medicine, we have
implemented an automated processing pipeline capable
of handling a substantial clinical volume of perfusion
acquisitions, allowing us to perform over 15,000 clinical
ASL examinations in the past several years. These
studies have revealed many pathologic and physiologic
processes readily identified with quantitative perfusion
imaging [4].

Artifacts. There are several frequently encountered
artifacts in the clinical population with ASL.
Susceptibility artifacts are present as is typical for any
fast imaging based technique. ASL relies on a
subtraction of imaging pairs to obtain the perfusion
signal, also making it highly susceptible to slight motion
artifacts, or transient gradient hardware instability.
These artifacts can manifest in a variety of ways, most
typically as rings of high signal, low signal, or signal in
CSF spaces and can make the resulting images
uninterpretable. Circulating gadolinium-based contrast
agents significantly shorten T1 in all tissues in both the
control and label conditions. The effect of this T1
shortening is to minimize the measurable differences
between the spin tag and control conditions producing
maps with almost no usable signal.

Normal Perfusion Patterns. ASL perfusion patterns
demonstrate age-related changes in perfusion signal.
Pediatric patients in the 5-15 year old range
demonstrate high perfusion values. Adults demonstrate
a gradual age-related decline in brain perfusion.

This talk will highlight the clinical experience with ASL
including artifacts, normal perfusion patterns, and
hyper and hypo-perfusion patterns in pathology.

0-78 1:50 PM - 2:15 PM

Spectroscopy

Peter B. Barker, D.Phil, PhD

Radiology and Radiological Science
Johns Hopkins University School of Medicine
Baltimore, MD, USA

PRESENTATION SUMMARY

MR spectroscopy (MRS) offers a non-invasive way of
measuring selected metabolites within the brain. Some
of these compounds (NAA, glutamate) may represent
neuronal integrity, while others (choline, myo-inositol)
are thought to be more abundant in glial cells. Lactate
may also be detected under certain pathological
conditions, such as acute hypoxic or ischemic injury.
The number of compounds that can be detected changes
as a function of magnetic field strength and acquisition
conditions used (in particular, the echo time (TE)).

MRS may be helpful in the diagnosis of a number of
different of neurological conditions. Most commonly it
is used in the evaluation of brain tumors; pre-surgical
MRS may help distinguish neoplastic from non-
neoplastic or benign lesions, help establish tumor grade,
and provide prognostic information. During and after
treatment, MRS may be useful in evaluating therapeutic
response and tumor regrowth. MRS may also be helpful
in the diagnosis of hypoxic-ischemic injury, and
characterizing various metabolic and demyelinating
diseases.

This presentation will discuss optimal procedures for
performing and interpreting MRS and MRSI, and will
also describe normal regional and age-related
variations. Characteristic examples of MRS in brain
tumors, neurometabolic diseases and other neurological
disorders will be presented.
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Monday Afternoon

1:00 PM - 2:30 PM
Trianon Ballroom

(11) ASPNR PROGRAMMING:
ADVANCED PEDIATRIC
NEUROIMAGING TECHNIQUES

development. Equally important, however, is the
potential for developmental processes and seizure
activity to establish and/or reinforce epileptogenic
networks, which could predispose a patient to recurrent
seizures after surgical management.

The goal of this lecture is to examine the potential of
multi-modal magnetic resonance imaging: 1. to detect
anatomic substrates of focal seizures and 2. to
characterize network connectivity in pediatric patients
with partial epilepsy.

0-81 1:50 PM - 2:15 PM

0-79 1:00 PM - 1:25 PM

Novel MR Techniques (DWI/DTI/fast SWI, etc)

Roland Bammer , PhD

Standford University
Stanford, CA, USA

0-80 1:25 PM - 1:50 PM
Advanced MR Imaging in Patients with Focal
Epilepsy: Focus Detection and Abnormal
Connectivity

Michael J. Paldino, MD

Children's Hospital Boston
Boston, MA, USA

PRESENTATION SUMMARY

Most higher-order functions of the human brain emerge
from parallel processing within sub-specialized, but
distributed, functional systems. A complex neural
network, formed by some 101° neurons, forms the
structural substrate for efficient interaction between
local and distributed areas of the cerebrum. To date, the
impact of disordered developmental and electrical
processes on this complex circuitry remains largely
unknown.

Epilepsy is a common neurological condition defined by
recurrent, unprovoked seizures that affects one percent
of the population, including one in 200 children. Unlike
in adults, developmental lesions predominate as the
source of seizures in children; in particular, focal
cortical dysplasia (FCD) is the most common anatomic
substrate for intractable epilepsy in children. Although
the workup has traditionally centered on detecting
localized dysplastic abnormalities, there is evidence
that malformations of cortical development (MCD) are
associated with extensive alterations in tissue structure.
Cortical structure outside of the region of MCD is
normal, at least in the sense that it does not
demonstrate the same histopathologic abnormalities
that characterize dysplastic cortex. That patients with
MCDs experience a wide range of functional deficits
which often cannot be explained on the basis of the
location of the structural abnormality therefore
suggests  abnormal cortico-cortical  interaction.
Regardless of whether such abnormal connectivity is
established by genetic/developmental processes or by
activity-dependent reorganization, such aberrancy has
obvious potential implications for neuro-cognitive

Imaging Epileptic Discharges with Encephalgraphic
MR

Darren B. Orbach, MD, PhD

Children's Hospital Boston / Harvard Medical School
Boston, MA, USA

PRESENTATION SUMMARY

Our group has developed a new approach to functional
neuroimaging, which we call encephalographic MRI
(eMRI). The technique combines simultaneous EEG and
fast gradient-echo echo-planar imaging in patients with
large amplitude, stereotyped electrical brain discharges.
Our goal is to use MR to visualize fast phenomena which
are more directly related to neuronal activity than are
the metabolic/blood flow changes typically imaged with
techniques such as BOLD and PET. We have
demonstrated fast changes in both MR magnitude and
phase images, concurrent with interictal epileptic
spikes seen on simultaneously acquired EEG. Possible
mechanisms underlying these fast changes, as well as
potential applications, particularly in pediatric epilepsy,
will be discussed.
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0-82 1:00 PM - 1:30 PM

Healthcare/Payment Methodology/Health Services

Andrew W. Litt, MD

Dell Healthcare and Life Sciences
Plano, TX, USA

PRESENTATION SUMMARY

Healthcare payment is undergoing one of the most
significant changes since the creation of Medicare and
Medicaid in the 1960’s. Both the public (government)
and private (insurance) payors of health care are no
longer willing to pay providers purely for the volume of
care they deliver. Whether it's Accountable Care
Organizations, episode of care payments, pay-for-
performance models or other new forms of healthcare
payment there is a clear shift of risk to the providers .
These models will require physicians, hospitals and
others to assume some or all of the financial risk as well
as the outcome/quality risk. This talk will review the
new payment models and discuss the key requirements
towards managing those risk elements. In particular, it
will focus on the use of information and information
technology to manage patients as individuals and as
populations. The role of data management and analytics
will be explored as a key component of improving care
while better managing cost. Finally, the use of new data
storage and aggregation tools such as cloud computing
will be presented as a means of developing a common,
shared data platform that will allow for patients and
their physicians to improve health.

0-83 1:30 PM - 2:00 PM

Healthcare/Payment Methodology/Health Services

Frank James Lexa, VII, MD

Wharton School, Univ. of Pennsylvania, Global
Consulting Practicum
Philadelphia, PA, USA

PRESENTATION SUMMARY

The methods in the USA for paying for radiologist's
services are likely to undergo a radical transformation
during the next several years. This session will briefly
review both historical and current mechanisms for
valuation of radiologist's efforts and then move towards

projections of how radiologists could (or should) be
paid for their work in the future in entities including:
accountable care organizations, capitated and bundled
payment schemes, medical homes, and beyond.

0-84 2:00 PM - 2:30 PM

Healthcare/Payment Methodology/Health Services

Marc D. Keshishian, MD

Blue Care Network
Southfield, MI, USA

PRESENTATION SUMMARY

Marc Keshishian is a graduate of Wayne State University
School of Medicine and did his internal medicine
residency at Detroit General/Receiving Hospital. He
practiced medicine for 20 years. He has worked for Blue
Cross Blue Shield of Michigan/Blue Care Network for
the last ten years. He is the Senior Vice President and
Chief Medical Officer of Blue Care Network where he is
in charge of quality, utilization, credentialing, medical
policy and pharmacy operations.

Present information on the positive relationship
between an insurance company, Blue Cross Blue Shield
of Michigan, and the specialists in the state.

Monday Afternoon

1:00 PM - 2:30 PM
Sutton Center/South

(13) GENERAL PROGRAMMING:
CNS INFECTIONS

0-85 1:00 PM - 1:20 PM

CNS Fungal Infections Masquerading as Bacterial
and Mycobacterial Infections

M. Judith Donovan Post, MD

Univ. of Miami, Miller School of Medicine
Miami, FL, USA

PRESENTATION SUMMARY

Fungal brain abscesses, such as those due to
cryptococcal infection, aspergillosis (invasive and non-
invasive  allergic  aspergillosis), = mucormycosis,
candidiasis, and dermatiaceous (darkly pigmented )
fungal infection may be difficult to differentiate from
bacterial and mycobacterial infections of the brain. This
is due to the overlap in imaging findings on
conventional MR. While certain imaging features such
as signal heterogeneity on T2WI and diffusion imaging
and multiplicity of lesions may be clues to the presence
of fungal brain abscesses, as suggested by Mueller-Mang
et al, they are not pathognomonic. More advanced
imaging techniques such as proton MR spectroscopy
and DTI with FA measurements may be needed to
narrow the differential diagnosis.The different




47

biochemical environemnts of fungal brain abscesses as
opposed to bacterial and mycobacterial abscesses may
allow for a diagnostic differentiation. Knowledge of the
immune status of the patient, the clinical presentation
and laboratory data will also provide diagnostic insight.

0-86 1:20 PM - 1:40 PM

CNS Lesions in AIDS: The HAART Era (to Include
IRIS)

Emerson L. Gasparetto, MD, PhD

Radiology, University Federal of Rio De Janeiro
Rio De Janeiro, Brazil

PRESENTATION SUMMARY

This presentation aims to present the most common
brain imaging findings in AIDS patients with CNS
lesions in the HAART era. The importance of the HIV-
related cognitive deficits and the most frequent imaging
abnormalities is going to be emphasized. Also, all the
imaging findings in patients with CNS-IRIS are going to
be stressed. In addition, although uncommon nowadays,
the imaging findings of toxoplasmosis, PML,
cryptococcosis and tuberculosis are going to be
reviewed. Finally, the future potential of advanced MRI
techniques and post-processing techniques for the
better understanding of the CNS damage in patients
with HIV infection are going to be discussed.

0-87 1:40 PM - 2:00 PM
Viruses: Difficulties in Diagnosing Viruses By
Imaging

Zoran Rumboldt, MD, PhD

Medical University of South Carolina
Charleston, SC, USA

PRESENTATION SUMMARY

Neuroimaging constitutes an important component in
the diagnostic process of viral CNS infections, along
with the history, physical examination and
cerebrospinal fluid analysis. Over 100 different invading
viruses, the most common of which are herpes simplex,
herpes zoster, arboviruses and enteroviruses, have
been identified as causative agents of encephalitis. The
etiology of encephalitis remains unknown in many
cases of this complex syndrome, since probable
etiologic agent is established in only 16-69% of cases.
Viruses  gain  access through  hematogenous
dissemination or, less frequently, along the peripheral
nerves, and many have a predilection for the gray
matter, whether it is cortical, deep, or intramedullary.
Some viruses, on the contrary, such as HIV and C] virus,
prefer the white matter. Acute viral encephalitis
produces parenchymal infiltration with inflammatory
cells, leading to neuronal injury and at times to
extensive necrosis. The imaging findings reflect these
pathologic changes, generally visualized as areas of low
attenuation on CT, as well as of low T1 and high T2
signal intensity on MRI. Diffusion imaging is superior to
conventional MR imaging for early detection of
encephalitis, revealing bright DWI signal and reduced
diffusion on ADC maps.

Radiological presentations of encephalitides are
pleomorphic, but a fairly common finding is bilateral T2
hyperintensity in the thalami and/or basal ganglia, and
viral infection should be taken into consideration
whenever such bilateral deep gray matter lesions are
found in an appropriate clinical setting. A number of
viral infectious agents characteristically lead to specific
localization and/or imaging appearance of CNS lesions.
However, these viruses may also present with
nonspecific findings, while other infections and non-
infectious diseases may simulate their characteristic
presentation. For instance, a transient lesion of high T2
signal and decreased diffusion in the corpus callosum
splenium has been documented with influenza,
adenovirus and rotavirus encephalitides, but also with
E. coli infection, antiepileptic medication withdrawal,
hypoglycemia, osmotic myelinolysis and other disease
processes.

0-88 2:00 PM - 2:20 PM

Spinal Infections: An Update

E. Turgut Tali, MD

Radiology/Neuroradiology
Gazi University School of Medicine
Besevler Ankara, Turkey

PRESENTATION SUMMARY

Spinal infection is a significant cause of morbidity and
mortality. This entity is notoriously difficult to
differentiate clinically from degenerative processes,
noninfective inflammatory disorders, and spinal
neoplasm.

Recent epidemiologic studies point to an increasing
prevalence of spinal epidural infection. MRI
demonstrates soft tissue mass within the epidural space
encroaching upon the theca or spinal nerves. MRI signal
depends on the contents of the lesion. Frequently, long
segment iso-hyperintense epidural mass lesion with
hypointense thickened, displaced dura on T1- and T2WI
is observed. Phlegmon has no liquid component or pus
with almost uniform enhancement. Abscesses have a
liquid component with rim enhancement.

Infective spondylitis accounts for approximately 2-7%
of all cases of osteomyelitis. TIWI is useful to
differentiate infected area. Low signal areas and
interruption of the cortical continuity, destruction of the
cortical margins are typical on T1WI whereas high
signal of affected areas of the vertebral body and disc is
typical on T2WI. Fat suppressed T2WI shows better
conspicuity of the infected areas. Contrast enhancement
is the earliest sign and pathognomonic in the acute
inflammatory episode and even subtle infection then
persists to a varying degree for several weeks or
months. It is also helpful to differentiate the disc, the
body and the phlegmon, which enhances
homogeneously/inhomogenously from abscess and
necrosis, which appear as peripherally enhancing mass
with hypointense liquefactive center. Fat suppressed
T1WI can be helpful to obtain the better contrast
between the tissues.

Pyogenic leptomeningitis is the most common bacterial
infection of the spinal axis. On MRI, the precontrast
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T1WI may be either normal or may reveal nonspecific
abnormalities. T2WI are of limited use since the signal
intensity of CSF may obscure the meningeal structures.
Postcontrast TIWI may show inflamed dura or nerve
sheath with possible involvement of the spinal cord.
Three patterns of enhancement are defined: linear,
nodular and diffuse; among which the linear
enhancement is the most common pattern.

Infection of the spinal cord is relatively uncommon and
may be caused by bacteria, virus, fungi and parasites.
MRI findings of bacterial myelitis may differ in a wide
spectrum from mild edema, swelling with mild or no
contrast enhancement to prominent edema and abscess
formation with diffuse, patchy or ring enhancement
consistent with the stage of the infection. Viruses are
the most common agents to infect the spinal cord. MR
features of viral myelitis are nonspecific and
indistinguishable from other forms of myelitis.

Monday Afternoon

1:00 PM - 2:30 PM
Murray Hill

(14) AN EXPERT: HOW I DO IT

0-89 1:00 PM - 1:30 PM

Thyroid and Parathyroid Imaging

Laurie A. Loevner, MD

Univ of Penn Medical Center
Philadelphia, PA, USA

0-90 1:30 PM - 2:00 PM

Evaluation of Suspected Dural Sinus Thrombosis:
Principles and Pitfalls

James M. Provenzale, MD

Radiology, Duke University Medical Center and Emory
University School of Medicine
Durham, NC, USA

PRESENTATION SUMMARY

Dural sinus thrombosis (DST) is a potentially life-
threatening entity that is often difficult to diagnose, for
a variety of reasons. This presentation will
systematically review the challenges inherent in
imaging diagnosis of DST by using a classification
system for categorizing errors; although this
classification system can be applied to a wide variety of
radiological diagnoses, in this presentation, solely DST
will be considered.

Type 1 Error- Failure to detect finding (“miss”)

One of the most common causes of failure to diagnose
DST on MR images is failure to detect absence of a
normal flow void within a dural sinus. Another common
form of error is due to lack of conspicuity of the
abnormality, i.e., low level of contrast between the

finding and adjacent normal tissue. For instance, the
density of an abnormal structure seen on CT may not
sufficiently differ from that of surrounding tissue.

Type 2 Error- Wrongly interpreting a finding as
abnormal (“over-call”)

On unenhanced CT, high density within a dural sinus
due to causes other than thrombosis can produce a
false-positive finding (or “over-call’). A primary
example is increased density due to a high hematocrit,
commonly seen in young children and in certain disease
states (e.g., polycythemia vera).

Potential causes of error on MR imaging include
asymmetry of size of the transverse sinuses, and
misinterpretation of the bright signal from flow-related
enhancement or in-plane flow as thrombus.

Type 3 Error- Recognizing abnormality but dismiss as
normal or artifact (“under-call”)

This type of error is due to failure to correctly interpret
a finding as being abnormal. As an example, DST can
appear dark on T2-weighted images and thus simulate a
flow void. Therefore, particular attention must be given
to the appearance of the dural sinus on other pulse
sequences. Over-reliance on the presence of contrast-
enhancement of a dural sinus as an indication of
patency is another cause of a false-negative error. It is
true that, in the vast majority of cases, contrast
enhancement of a sinus is due to flow of contrast
material within the sinus and an indication of patency.
However, on occasion a thrombosed dural sinus can
contrast-enhance.

Type 4 Error - Recognizing abnormality but assign
incorrect etiology

In a type 4 error, the mistake is not in assuming that an
abnormal finding is normal but in failing to correctly
explain the abnormality, by assigning an incorrect cause
to the abnormal finding. A primary example of this type
of error is seen when venous infarction occurs
secondary to DST. Failure to recognize the infarct as
venous in origin (as opposed to the much more common
arterial origin) is the origin of the problem. Such
infarcts are often hemorrhagic and subcortical in
location, an unusual appearance for arterial infarcts.
Type 5 Error - Failure to recognize limitations of
imaging technique /recommend next imaging step

An example of failure to recognize limitations of a pulse
sequence can be seen in the use of saturation pulses in
MR venography. An arterial saturation pulse (which is
placed caudad to the imaging slice in two-dimensional
MR angiography) is frequently used to diminish the
signal generated by flowing blood in arteries. However,
this same saturation pulse can obliterate signal from
flowing blood in the superior sagittal sinus, producing a
false-positive study.
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0-91 2:00 PM - 2:30 PM

Imaging The Spinal Cord

Gordon K. Sze, MD

Yale University
New Haven, CT, USA

PRESENTATION SUMMARY

On many levels, imaging of the spinal cord remains
challenging, from clinical implementation to diagnosis
to technical advances. First, clinically, MR scans of the
spinal cord are often requested emergently. We have
utilized a clinical algorithm to categorize requests into
emergent (less than 2 hours), urgent (less than 6
hours), and routine (within 24 hours), thereby refining
those clinical presentations which warrant mobilization
of manpower and scanner time.

Second, diagnosis of certain spinal cord lesions remains
perplexing. While most cases are routine, every center
encounters cases in which the diagnosis is not readily
apparent. For example, the abnormal spinal cord which
exhibits hyperintensity on T2-weighted images with
equivocal or patchy enhancement can be a diagnostic
dilemma. This talk will discuss an organized pattern of
analysis of these lesions, in the context of unusual
etiologies.

Third, due to the small size of the spinal cord and its
surrounding structures, technical advances remain
difficult to implement in routine spinal cord imaging.
This talk will conclude with a discussion of two
technical aspects, demonstration of normal vascular
anatomy and the characterization of vascular lesions of
the spinal cord and their diagnosis with MR imaging,
MR angiography and CT angiography, and the use of
diffusion weighted imaging and diffusion tensor
imaging in the analysis of spinal cord anatomy and
potential spinal cord lesions.

Monday Afternoon

3:00 PM -4:30 PM
Grand Ballroom Suite

(15a) Adult Brain: Neoplasms I

0-97 3:00 PM - 3:08 PM

Probabilistic Radiographic Atlas of Glioblastoma
Phenotypes

Ellingson, B. M.-Cloughesy, T. F.-Zaw, T.-Lai,
A.-Nghiemphu, P. L.-Pope, W. B.

David Geffen School of Medicine, University of California
Los Angeles
Los Angeles, CA

PURPOSE
Tumor location is known to be a significant prognostic
factor in glioblastoma, likely due to genetic profile of

tumor precursor cells and the state in the development
cycle that these cells transform. The purpose of the
current study was to construct and analyze probabilistic
atlases examining preoperative tumor locations on MR
imagines and corresponding  biologicl and
interventional phenotypes in order to provide insight in
the niche locations of glioblastoma “cells of origin.”

MATERIALS & METHODS

A total of 385 glioblastoma patients were enrolled in
this HIPAA compliant retrospective study. Preoperative
MR images in all patients were aligned to the MNI152
brain atlas. Contrast-enhancing regions on T1-weighted
images (including regions of necrosis) and T2/FLAIR
hyperintense regions were contoured on all images for
all patients. Patients were stratified by age, MGMT
promoter methylation status, IDH1 mutation status, and
gene expression profile phenotypes. The frequency of
tumor occurrence was calculated by counting the total
number of times a contoured tumor occurred within an
image voxel on the atlas divided by the total number of
patients within that phenotype. A voxel-wise Fisher’s
exact test with a cluster-based correction using random
permutations was used to find locations specific to
different. A p-value of < 0.05 and a cluster size of more
than 12 cc was required for statistical significance.

RESULTS

Probabilistic atlases demonstrate a high frequency of
tumor occurrence in the periventricular white matter
regions adjacent to the subventricular zone, which is
known to harbor neural stem cells in the adult brain.
Younger patients were more likely to have frontal lobe
involvement at first presentation. MGMT promoter
methylated tumors occur in a significantly higher
frequency within the left temporal lobe. Patients with
tumors in this region had a significantly longer survival
independent of MGMT promoter methylation status.
Patients with IDH1 mutated tumors were significantly
more likely to have tumors in the frontal lobe. Similarly,
the proneural genotype was localized more to the
frontal lobe, whereas the mesenchymal subtype was
more likely to be medial, in the right hemisphere, and
posterior.
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T2/FLAIR Hyperintensity Contrast-Enhancing CONCLUSION

(B=389) (H=249) Our data clearly demonstrates the inherent power of
—— large-scale probabilistic radiographic atlases in
identifying regions with the highest tumor incidence,
which may be useful in identifying niche locations for
glioma “cells of origin.”
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KEeY WORDS: Glioblastoma, atlas, genomic phenotype

0-98 3:08 PM - 3:16 PM

Imaging Genomic Mapping in Glioblastoma

MGMT Methylated MGMT U thylated . e
(n= $3g)a © o :T;G)y ate Multiforme: A Novel Quantitative Merge between
Imaging and Genomics. The Creation of a Signature
Isocitrate Dehydrogenase 1 for Tumor Necrosis Using Image Genomic Analysis

(IDH1) Mutant Subtype

in 12, 764 genes and 555 microRNAs
Colen, R. R.1-Mahajan, B.1-Bruyere, ].1-Jolesz, F.
A.1-Sathyan, P.2-Zinn, P. 0.2

1Brigham and Women's Hospital, Boston, MA, ZM.D.
Anderson Cancer Center, Houston, TX

Tumor Frequency

PURPOSE

To create a imaging genomic map, linking MR imaging
traits with gene- and miRNA expression profiles, in
patients with glioblastoma multiforme (GBM) to
determine genomic correlates of necrosis to identify
relevant MRI biomarkers and to find new genomic
targets for GBM treatment. The introduction of gene
microarrays, a method allowing for analysis of
thousands of genes, has resulted in a greater insight into
gliomagenesis, treatment response, and patient
prognosis. However, specialized and invasive tissue
sampling remains a limitation and bottleneck for its
widespread use in the standard clinical realm. Here, we
present the first study examining in a quantitative way
imaging genomic in GBM to determine novel and
targetable molecular necrosis correlates in GBM.

IDH1 Wild Type IDH1 Mutant
(n=39) (n=34)

Tumor Frequency

MATERIALS & METHODS
We retrospectively identified 78 treatment naive GBM
patients from The Cancer Genome Atlas (TCGA) who
had genetic expression profiles and pretreatment MR
Mesenchymal Proneural imaging. Image analysis was done on slicer 3.6
(n = 21) (n=16) (slicer.org) and reviewed blindly in consensus by two
neuroradiologists. The postcontrast T1-weighted
images was used to quantitate necrosis volumes.
Biostatistics analysis was performed for gene and
miRNA sets whereas the median necrosis volume was
taken as the cutoff to define high and low groups. These
groups then were analyzed by Comparative Marker
Selection (Broad Inst.). A total of 12,764 genes and 555
microRNAs were analyzed. Among the whole gene set
the most upregulated mRNAs/miRNAs (N = 100), were
analyzed with ingenuity pathway analysis (IPA).

Tumor Frequency

0%

-

Tumor Frequency

o
xR

< 12 Mo. 0S 12-24 Mo. OS >24 Mo. 0S
(n=80) (n=122) (n=72)
RESULTS

Ingenuity pathway analysis identified molecular
networks, as well as canonical and functional pathways
highly associated with cancer, cell death, cell cycle, and
apoptosis in those patients with high necrosis.

Tumor Frequency
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CONCLUSION

The necrosis radiophenotype identified genes and
miRNAs and corresponding molecular networks that
were highly associated with cell death and apoptosis. By
these means we were able to identify possible key genes
and miRNAs involved in cell cycle regulation and cell
death. The uncovered genes and miRNAs represent new
insight into necrosis as seen on MRI and an underlying
possible molecular mechanisms of GBM aggressiveness
and novel therapeutic approaches. Necrosis imaging
biomarkers reflecting a specific molecular cancer
composition will augment the predictive power for
tumor aggressiveness and therapy response and
identify novel targets GBM therapy.

KEeY WORDS: Glioblastoma, imaging genomics, necrosis

0-99 3:16 PM - 3:24 PM

MR Imaging to Predict Surgical and Radiation
Dosimetry Borders: A Methodology Feasibility
Study

Colen, R. R.1-Kovacs, A.12-Mahajan, B.1-Zinn, P.
0.3-Schwarm, F. P.1-Jolesz, F.1

1Brigham and Women's Hospital, Boston, MA,
2University of Kaposvar, Kaposvar, HUNGARY, 3M.D.
Anderson Cancer Center, Houston, TX

PURPOSE

To develop a robust methodology using MRI for
predicting regions of relapse and thus help define the
surgical resection and radiation dosimetry borders of
the tumor beyond the area of enhancement and that
which are used on conventional surgical and radiation
treatment planning.

MATERIALS & METHODS

We  retrospectively identified 60 consecutive
glioblastoma multiforme (GBM) patients (2005-2010)
who had (presurgical, postsurgical, preradiation, and
relapse) MRI studies and undergone radiation
treatment (RT). The 3D Slicer software 3.6 (slicer.org)
was used for all purposes of image analysis,
manipulation and segmentation. All images were
reviewed in consensus. Segmentation was carried out in
a simple hierarchical model of anatomy, proceeding
from peripheral to central. Three distinct structures
were segmented (edema/invasion, enhancing tumor,
and necrosis) on the presurgical scan. Five structures
were segmented on the postoperative scans
(edema/invasion, enhancing tumor, and necrosis and
then also hemorrhage and surgical cavity).
Subsequently, the models of edema, tumor and necrosis
were generated and the quantitative volumes of the
same were automatically calculated. MR perfusion
(MRP) scans (N = 20) were registered to segmented
images and quantitative perfusion parameters obtained.

RESULTS

Accurate registration (within 2 mm) occurred among
the images and the radiation planning CT images. In
those scans in which complex rotation modifications
and registrations were required, registration was

performed using more sophisticated techniques such as
transformations on 3D slicer and registration was
deemed adequate when error was 2 mm or less.
Thirteen of 20 patients demonstrated increases in
perfusion (reflective of tumor infiltration) beyond the
border of enhancement and corresponding to regions of
subsequent recurrence, suggesting that surgical
resection and radiation planning to include those
abnormal regions seen on advance imaging techniques
(not on conventional MRI) might result in better tumor
treatment and control of recurrence.

CONCLUSION

We present a robust image analysis
methodology/platform for accurate registration of
conventional and advanced MRI sequences. MR
perfusion abnormalities seen outside the area of
enhancement predict regions of subsequent recurrence
and relapse and thus registering and including these
regions in the surgical resection and RT dosimetry
planning system can be expected to decrease tumor
recurrence and increase survival.

Key WoRDs: GBM, MR imaging, radiotherapy

0-100 3:24 PM - 3:32 PM

Super Resolution Track Density Imaging of White
Matter Signal Abnormality in Suspected Recurrent
High Grade Glioma

Cohen, B. A.-Barajas, R. F.-Yu, ]. ].-von Morze, C.-Hess, C.
P.-Cha, S.

University of California San Francisco School of
Medicine
San Francisco, CA

PURPOSE
White matter abnormality (WMA) in high grade glioma
(HGG) patients following surgery and

radiochemotherapy poses a diagnostic challenge due to
heterogeneous underlying pathobiology of infiltrative
tumor, treatment effects, and edema. Track density
imaging (TDI) is a novel diffusion reconstruction
method that achieves a unique image contrast at
submillimeter resolution by wusing high angular
resolution imaging (HARDI) and whole-brain fiber
tractography. The purpose of our study was to assess
WMA in recurrent HGG. We hypothesize that track
density is decreased in both WMA and normal-
appearing white matter (NAWM) in the diseased
hemisphere compared to the contralateral side, and
postulate that numerical values of track density are
related inversely to the degree of tumor infiltration
along white matter tracks.

MATERIALS & METHODS

Nineteen patients with suspected recurrent HGG were
enrolled. Of the 19, florid tumor recurrence was noted
in 11 and >50% treatment effect in eight patients. Track
density imaging maps were constructed from HARDI
data at 250 micron isotropic spatial resolution.
Nontargeted regions of interest (ROI) then were drawn
manually on the WMA and NAWM. For each ROI, a
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corresponding contralateral ROI was drawn. Across the
entire cohort, track densities were compared to their
contralateral values for both WMA and adjacent NAWM.
Track densities, normalized to their homologous
contralateral counterparts, then were compared
between the recurrent tumor and treatment effect
groups. For patients that subsequently recurred
following resection (n = 12), targeted ROIs were placed
on sites of future recurrence. Finally, normalized track
density was compared between the targeted sites and
nontargeted WMA. A two-tailed Student's t test was
used for statistical analysis.

RESULTS

Normalized track densities for the surrounding WMA
and adjacent NAWM were 0.759 *+ 0.621 and 0.987 *
0.277 (mean * SD), respectively, for recurrent tumor
patients; 0.901 + 0.668 and 0.923 * 0.139 in those with
predominantly treatment effect; and 0.820 + 0.637 and
0.960 = 0.226 across all subjects. For all 19, track
density was decreased in the surrounding WMA (p =
0.0003) but indistinguishable for NAWM (p = 0.602)
compared with the contralateral side. The track
densities of WMA and adjacent NAWM were similar in
the two groups (p > 0.514). However, normalized track
density in the targeted sites of future recurrence (0.444
+ 0.196) was significantly smaller than the nontargeted

Figure 1: Track density imaging (TDI; 0.25 mm) provides superior spatial and contrast rrsolnlmn

when compared to fractional anisotropy T1 post contrast, B) FLAIR, C)

and D) track density map in a patient with mixed radiation effect and tumor recurrence (50% \Mble
tumor upon surgical biopsy) s improved visualization of contrast enhancing mass,
peri-tumoral T2 hyperintense white nmuer, and normal appearing structures (anterior commissure)
when compared to FA map. TDI was reconstructed from HARDI diffusion data (b-values = 0 and
2000 s/mm2, 55 directions, 2.2 mm isotropic resolution, TR/TE = 6500/90 ms, ASSET=2) imaged on a
3T clinical magnet in approximately 6 minutes. Fiber tracking was conducted using probabilistic
streamlines and constrained spherical deconvolution, which resolves multiple fiber orientations.

One million tracks were randomly seeded throughout the brain. The number of tracks passing
through each element of a 250 pm isotropic grid was then counted, generating a TDI map.

CONCLUSION

Track density imagingl provides a novel tool for white
matter evaluation in patients with recurrent HGG. The
technique helps to distinguish between recurrent
infiltrating tumor and treatment effects, and ultimately
may be useful for predicting the site(s) of future
recurrent disease.

KEY WOoRDSs: Track density imaging, super resolution,
high grade glioma

0-101 3:32PM - 3:40 PM

Suppression of Early Treatment-Related Effects on
MR Imaging (Pseudoprogression) in Patients with
Newly Diagnosed Glioblastoma Receiving a VEGF
Signaling Inhibitor Combined with Temozolomide-
Based Chemoradiation

Pinho, M. C.12-Jennings, D. L.1-Polaskova, P.1-Batchelor,
T.3-Sorensen, A. G.4-Gerstner, E. R.3

1Athinoula A. Martinos Center for Biomedical Imaging,
Massachusetts General Hospital and Harvard Medical
School, Boston, MA, 2Hospital Israelita Albert Einstein,
Sao Paulo, BRAZIL, 3Pappas Center for Neuro-Oncology,
Massachusetts General Hospital and Harvard Medical
School, Boston, MA, 4Siemens Healthcare USA, Malvern,
PA

PURPOSE

To evaluate the impact of anti-VEGF therapy on the
incidence of early treatment-related effects, or
pseudoprogression (PP), detected by MRI in patients
with newly diagnosed glioblastoma treated with
cediranib, a VEGF signaling tyrosine-kinase inhibitor.

MATERIALS & METHODS

Patients with newly diagnosed glioblastoma enrolled in
an IRB-approved clinical trial were evaluated
longitudinally by serial MRIs. Treatment for all included
standard temozolomide-based chemoradiation plus
cediranib during initial chemoradiation and on
maintenance. Serial 3 T MRI scans were performed
prior to chemoradiation, weekly during the initial 6
weeks of treatment and every 4 weeks after
chemoradiation. T1-weighted (pre/postcontrast) and
FLAIR images were assessed for response using
bidimensional and perimeter-based volumetric
methods. Disease progression was defined according to
updated RANO (Response Assessment in Neuro-
oncology) criteria. Patients who presented with
increasing/new contrast-enhanced lesions during the
first 12 weeks after chemoradiation were considered to
have apparent early progression (AEP) and kept on
treatment. Lesions that subsequently stabilized or
regressed on MRI follow up were classified as PP, while
those that maintained growth despite treatment were
classified as "true” early tumor progression (ETP).

RESULTS

The initial group consisted of 40 patients (age = 22-74
years, mean age = 56 years; 27 males, 13 females). Mean
volume of residual tumors at baseline was 29.39 cc (+
23.40) on T1-weighted postcontrast and 68.18 cc (*
62.98) on FLAIR. Currently, 21 patients are still alive
and 19 have deceased, with a median follow up of 240
days for the whole group: 162 for the patients who died
and 314 for the patients still living. Ten patients left the
study due to treatment-related toxicity within 18 weeks
of starting therapy and were excluded from the analysis.
Considering the remaining 30 patients; 17 (54%)
exhibited partial response and 11 (31%) were classified
as stable disease. Only 2 (6%) patients presented with
AEP, both of which were confirmed as ETP (one had
biopsy confirmation and the other an early recurrence
on the contralateral hemisphere). There were no cases
of AEP that would fulfill the criteria for PP.

CONCLUSION

In patients with newly diagnosed glioblastoma treated
with temozolomide and radiation, the addition of a
VEGF signaling inhibitor suppressed the development of
early treatment-related effects (PP), which has been
described in 26-58% of patients after standard
chemoradiation alone at early postradiotherapy
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imaging. This suppressive phenomenon likely is related
to the powerful antipermeability effect of this class of
agents, which modifies significantly the imaging
appearance of these tumors. Although mechanistically
expected, to our knowledge the preventive effect of
anti-VEGF agents on the development of PP has not
been described systematically, and has important
implications for patient care. Suppressing the
inflammatory process, edema and mass effect that
accompanies chemoradiation may improve the
tolerability of treatment and have a steroid-sparing
effect. In patients with poor performance status or
large, inoperable tumors, the addition of anti-VEGF
agents is an interesting strategy to make
chemoradiation feasible. Suppression of PP has the
additional potential benefit of reducing the diagnostic
dilemma surrounding increased contrast enhancement
in early posttreatment evaluations and avoiding
unnecessary invasive diagnostic interventions to
evaluate these MRI changes.

KEey WoRDs: Glioblastoma, pseudoprogression, VEGF

0-102 3:40 PM - 3:48 PM

Quantitative Histogram Analysis of Diffusion and
Diffusion Tensor Imaging of Glioblastomas for the
Prediction of Clinical Outcome: A TCGA Glioma
Phenotype Research Group Project

Desai, H.-Hwang, S. N.l-Holder, C. A.-Flanders,
A.2-Jilwan-Nicolas, M.3-Kirby, J].4-Saltz, ].5-Gutman, D.
A5-Raghavan, P.3-Buetow, K. H.6“TCGA Glioma
Phenotype Research Group

1Emory University School of Medicine, Atlanta, GA,
2Thomas Jefferson University Hospital, Philadelphia, PA,
3University of Virginia, Charlotteville, VA, 4SAIC-
Frederick, Inc., Frederick, VA, SEmory University,
Atlanta, GA, 6National Cancer Institute, Bethesda, MD

PURPOSE
Investigate quantitative parameters derived by
histogram analysis of diffusion and diffusion tensor
imaging of glioblastomas as markers for -clinical
outcome.

MATERIALS & METHODS

As part of The Cancer Genome Atlas (TCGA) MRI
characterization project of the National Cancer Institute,
the multi-institutional TCGA Glioma Phenotype
Research Group has been investigating MRI, including
diffusion imaging and diffusion tensor imaging, as a
means of predicting clinical outcomes for glioblastoma
patients. For the current work, quantitative histogram
analysis was performed on apparent diffusion
coefficient (ADC) and fractional anisotropy (FA) maps
for correlation with clinical outcomes. Small,
noninclusive regions of interest (ROI) were selected
manually within cerebrospinal fluid (CSF), normal-
appearing corpus callosum (usually splenium but
placed in the genu if tumor involved the splenium), and
normal-appearing white matter (centrum semiovale) to
obtain characteristic values for these sites. Voxel ADC
and FA values were normalized by the characteristic

values measured in the ROIs. The volume of tumor was
defined on the basis of the b = 0 diffusion image by
application of an Otsu thresholding method using the
NIH Image] software. Mean, median, standard deviation,
skew, and kurtosis of the normalized ADC and FA
histograms were computed from voxels within tumor.
Tumor volume also was computed. The diffusion
histogram analysis has been performed on 39 of the
TCGA glioblastomas at the current time. Eighteen of
these data sets also included DTI. Clinical data including
time to tumor progression and time to death are
publicly available and were correlated with diffusion
parameters. Linear correlation was performed between
the diffusion and clinical parameters. As part of prior
analysis, at least three neuroradiologists (from a panel
of six) independently reviewed each MRI of 75
glioblastoma patients in the TCGA database. All images
were evaluated according to 26 imaging features
(VASARI  feature  set,  https://wiki.ncinih.gov/
display/CIP/VASARI). Multireader assessment of each
tumor was reduced to a single score for each feature.
Correlations also were performed to assess agreement
with the neuroradiologist interpretation.

RESULTS

Tumor volume obtained from the b = 0 images strongly
correlated with area measurements performed by
neuroradiologists computed as the product of
orthogonal tumor dimensions (p<0.001, r = 0.82). No
correlation was found between tumor volume and time
to tumor progression or time to death. However, the
mean tumor ADC normalized by CSF ADC is significantly
correlated with time to tumor progression (p = 0.02, r=
0.5).

CONCLUSION

Higher ADC may reflect lower cellularity in tumors with
delayed time to progression. Histogram analysis of
diffusion and DTI potentially may assist in predicting
clinical outcome.

KEY WORDS: Glioblastoma, diffusion, brain tumor
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What “Dark Spots” on Principle of Echo-Shifting
with a Train of Observation in Glioblastoma
Reflects: Distribution of Dark Spots on Principle of
Echo-Shifting with a Train of Observation in
Glioblastoma and Its Relationship between Contrast
Enhancement, Signals on Diffusion-Weighted
Images and Pathologic Findings

Ando, K.1:-Ishikura, R.1:Mouri, M.1-:Odawara,
S.:Katsuura, T.!*Yamasaki, M.l-Wakata, Y.!Takada,
Y.z21:Yamano, T.1-Hirota, S.1-Mori, K.1-Arita, N.1

1Hyogo College of Medicine, Nishinomiya,
2Meiwa Hospital, Nishinomiya, JAPAN

JAPAN,

PURPOSE

PRESTO (principle of echo-shifting with a train of
observation) is a novel imaging method that utilizes the
magnetic susceptibility differences between tissues like
susceptibility-weighted imaging (SWI). On PRESTO, we


https://wiki.nci.nih.gov/
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can observe “dark spots” (DS) in glioblastomas(GB) like
intratumoral susceptibility signal intensity (ITSS) on
SWI. Intratumoral susceptibility signal intensity on GB
already is reported, but its distribution in GB is not
discussed fully in the literature. Because GB is a
heterogeneous tumor with solid component of variable
grade and cystic/necrotic component, it is important to
know what DS on PRESTO in GB reflect. The aim of this
study is to evaluate the distribution of DS on PRESTO in
GB and clarify its relationship between contrast
enhancement (CE), signals of diffusion-weighted image
(DWI), and pathologic findings.

MATERIALS & METHODS

We retrospectively reviewed the cases with GB
experienced in our institution from 2007-2010.
Eighteen pathologically proven glioblastomas in 17
patients were involved in this study. T2-weighted image
(T2WI), CE-T1-weighted image (CET1WI), DWI (b =
1000) and PRESTO on 3 T MRI was obtained in all cases.
Intratumoral component was classified as solid with CE,
solid without CE, necrosis/cystic component,
peritumoral edema, according to the findings of T2WI
and CET1WI. Dark spots on PRESTO was graded from 0
to 2 :(0) absent, (I) a few, (II) numerous to throughout
the tumor. Dark spots in each component was
compared to findings of CET1WI, DWI, and pathologic
findings.

RESULTS

Solid component in GB was in 14/18 and DS was graded
II in all 14, which also showed high signal intensity
(HSI) on DWI (14/18). Five had non-CE solid
component and DS was graded II in one and O in four.
Among them, two of five showed HSI on DWI. Eight had
necrotic or cystic component within solid component,
and DS was graded in Il in one, I in one and O in six. All
showed low signal intensity (LSI) on DWI. Four were
mainly cystic mass with thin cyst walls, which were
with CE. Cyst walls were in grade Il (two) and grade I
(two) on PRESTO, and all showed HIS on DWI. Cystic
component of cystic GB were grade II in two and grade
0 in two. All showed LSI on DWI. Peritumoral edema
was in 11/18 and there were no DS in all cases, which
showed LSI on DWI. Pathologic specimens obtained
from solid component showed abundant tumor vessels
in the solid part of the tumor in 14/17, with
hemorrhage in four and without hemorrhage in ten. In
cystic/necrotic components (12), only three of 12
showed intracystic hemorrhage.

CONCLUSION

Dark spots on PRESTO in GB mainly distribute in
contrast-enhanced solid component with high signal on
DWI, which suggested to be the highly malignant
component of tumors. Compared to the pathologic
findings, DS on PRESTO in solid component of GB may
reflect abundant tumor vessels rather than intratumoral
microhemorrhage.

KEY WORDS: Principle of echo-shifting with a train of
observa, glioblastoma, pathology
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Arterial Spin Labeling Perfusion MR Imaging
Differentiates Tumefactive Demyelinating Lesions
from Glioblastoma Multiforme

Soun, J. E.1-Pollock, J. M.2-Maldjian, J. A.1-Whitlow, C. T.t

1Wake Forest University School of Medicine, Winston-
Salem, NC, 20regon Health & Science University,
Portland, OR

PURPOSE

Tumefactive demyelinating lesions (TDL) and
glioblastoma multiforme (GBM) can both present on
MRI as rim-enhancing lesions, posing a diagnostic
challenge. Glioblastoma multiformes are known to be
exuberantly  angiogenic, demonstrating greater
intratumoral blood volume compared to TDL on
gadolinium-based perfusion MRI. No studies to date,
however, have extended these findings to pulsed
arterial spin labeling (PASL) perfusion MRI. In the
present study, we measured maximum intratumoral
blood flow in GBM and TDL on PASL images,
hypothesizing that GBM would demonstrate higher
maximum intratumoral blood flow compared to TDL.

MATERIALS & METHODS

In this IRB-approved study, clinical MRI demonstrating
TDL (n = 12; eight subjects) or GBM (n = 18; 14
subjects) that included PASL were identified
retrospectively. Maximum intratumoral blood flow
(mL/100 g/minute) was measured from a region of
interest (ROI) manually drawn around each lesion on
PASL images and confirmed on coregistered contrast-
enhanced T1-weighted sequence using Aquarius
iNtuition (TeraRecon, San Mateo, California). One-way
between groups analysis of covariance (ANCOVA) was
conducted, with tumor type (GBM, TDL) as the
independent variable and maximum intratumoral blood
flow as the dependent variable. Tumor volume and
global whole-brain cerebral blood flow (CBF) were used
as covariates. An additional ANCOVA was conducted
with the same independent variable, but using the ratio
of maximum intratumoral blood flow and global whole-
brain CBF as the dependent variable to normalize ROI
values by the magnitude of background whole-brain
perfusion. Tumor volume was used as a covariate for
this analysis.

RESULTS

ANCOVA controlling for differences in tumor volume
and global brain CBF revealed a statistically significant
difference in maximum intratumoral blood flow
between tumor types, which was 68.2% higher in GBM
(mean * SD; 140.3 + 62.3) compared to TDL (mean *
SD; 83.4 + 24.0) [F(1,26) = 14.817, p = .001] (Figure 1).
ANCOVA controlling for tumor volume and using tumor
ROI values normalized by background whole-brain CBF
demonstrated a similar statistically significant
difference, with higher tumor blood flow ratio for GBM
(mean * SD; 3.3 £ 1.6) compared to TDL (mean * SD; 1.5
+0.4) [F(1,27) =11.733, p =.002].
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. kgl
. 120
N 100
80
e 60
40

Tumefactive Glioblastoma

Demyelinating Lesion Multiforme
CONCLUSION
Concordant  with our hypothesis, maximum

intratumoral blood flow measured with PASL was
greater in GBM compared to TDL. This finding likely
reflects histopathologic characteristics of GBMs, which
are known to be exuberantly angiogenic. Measuring
maximum intratumoral blood flow on PASL images at
the clinical workstation using standard ROI tools
represents a simple, noninvasive method for evaluating
brain tumors, providing an additional approach for
distinguishing GBM from TDL.

Key WORDs: Arterial spin labeling,
multiforme, tumefactive demyelination

glioblastoma
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Advanced 3.0 T MR Sequences in Assessing for
Malignant Transformation of Low-Grade Gliomas

Craven, I. ].I*Romanowski, C. A.l‘Jellinek, D.
A.l-McKevitt, F.-Larsen, ].!-Metherall, P.1-Currie,
S.2:Griffiths, P. D.2-Wilkinson, I. D.2-Hoggard, N.2

1Royal Hallamshire Hospital, Sheffield, UNITED
KINGDOM, 2University of Sheffield, Sheffield, UNITED
KINGDOM

PURPOSE

All patients with apparent low-grade gliomas (LGG) in
our institution undergo a period of MR surveillance to
try and identify the subpopulation who subsequently
may undergo transformation into higher grade tumors
and would thus benefit from adjuvant treatment.
Imaging is performed at 3 monthly intervals until the
tumor is characterized; if the tumor is felt to be benign
the interval is increased to 6 months.

MATERIALS & METHODS

All patients undergoing surveillance are imaged using
3.0 T MR protocol including volumetric FLAIR, MR
spectroscopy (MRS), MR perfusion and MR diffusion-
weighted imaging. Semiautomated postprocessing
software (MIM) utilizing thresholding and region
growing techniques was used to calculate tumor
volumes. In patients with sequential studies the growth
rate of the tumor was calculated and spatial
coregistration was used to assess apparent areas of
tumor growth. We performed retrospective analysis of

all patients on our LGG surveillance program with
respect to the following: ¢ Tumor volumes. ¢ MR
spectroscopy. ¢ MR perfusion. « MR diffusion. We
compared a subgroup of patients who had histologic
proof of transformation with the total population
undergoing surveillance.

RESULTS

A total of 265 examinations on 121 patients were
reviewed. Seventy-eight of 121 had more than one
examination. Twenty of 78 patients underwent biopsy
or resection based on clinical and/or radiologic
suggestion of progression and 18/20 had confirmed
grade 3 or 4 glioma. When compared to the
nontransformers, the transforming group had a higher
mean volume at presentation (53 ml vs 27 ml) and an
increased equivalent annual growth rate (56.7% vs
27.6%). In those with suspected progression, MRS
demonstrated a mean Cho/Cr peak ratio of 1.89 and
mean rCBV ratio was 4.06. Of the 20 patients where
transformation had been predicted radiologically,
13/20 either showed no abnormal contrast
enhancement or no change in enhancement pattern
from the previous study. Perfusion and diffusion data
from the coregistered longitudinal studies also will be
available.
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CONCLUSION

Advanced MR techniques can be used to help predict
tumors that transform and often before more
conventional markers of progression (e.g., contrast
enhancement). The semiautomated volumetric analysis
can be used in a clinical setting and provides knowledge
of the growth pattern which can help guide clinical
management. Spatial coregistration of longitudinal
studies allows subanalysis of the more active elements
of the tumor and can help target biopsy.

KEY WORDs: Low-grade glioma, volumetric analysis,
MR perfusion
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Elevated Myoinositol in Diffuse Astrocytomas: A
Marker of Anaplastic Phenotype, and Not
Attributable to Microglial Infiltration

Updahyay, N.-Roncaroli, F.-Waldman, A. D.

Imperial College
London, UNITED KINGDOM

PURPOSE

The relationship between MRS-visible metabolite levels
in vivo and glioma grade has been investigated
extensively, although the relevance of myoinositol
(Myo) to grade and malignant transformation is less
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well established. Moreover, the moieties and cell types
that contribute to the detectable Myo pool have not
been elucidated. Microglial infiltration has been
associated with Myo elevation in inflammatory and
neurodegenerative diseases, and has been implicated as
having a role in neoangiogenesis and the malignant
transformation of gliomas. The aim of this study was to
examine the relationship between Myo, Cho and relative
cerebral blood flow (rCBV), in grade II and III
astrocytomas, and compare the imaging biomarkers
with enzymatic markers of Myo synthesis and
microglial cell type in tissue specimens from these
gliomas.

MATERIALS & METHODS

Twenty-eight patients with histologically confirmed
diffuse astrocytomas (14 diffuse low grade, WHO grade
II; 14 anaplasticc WHO grade III) were included (13
stereotactic biopsies, 15 surgical specimens). All had
multivoxel spectroscopic acquisition as part of a
multimodal physiologic MRI protocol performed at
either 1.5 T or 3 T (TE = 30ms, TR = 1500ms, 8x8 grid;
Siemens Avanto/Verio, Erlangen, De). Metabolite ratios
were estimated using proprietary software, following
visual inspection of spectra for quality and satisfactory
resonance peak fitting in the frequency domain.
Relative cerebral blood volume (rCBV) was measured

semiquantitatively using gradient echo dynamic
susceptibility (DSC) MRI in 20 patients. Tissue
immunostains with rabbit polyclonal antibodies

directed against human inositol monophosphatase
(IMPA1; Sigma - dilution 1:400; 25 cases) and Ibal
(Wako - dilution 1:750; 21 cases), were assessed
semiquantitatively. The Kruskal-Wallis test was used to
compare metabolite ratios and Wilcoxon rank-sum test
was used to compare metabolite ratios and Iba-1 and
IMPA1 levels between the groups. Spearman’s rank
correlation coefficient was used to compare Myo/Cr
with Cho/Cr, and Myo/Cr with Ibal. Fisher’s exact test
was used to compare the proportion of voxels with the
highest Myo/Cr co-localized with highest Cho/Cr and
rCBV.

RESULTS

Myoinositol/Cr was significantly lower in grade II
tumors compared with grade III tumors (p<0.01). The
voxel with the highest Myo/Cr colocalized with the
voxel with the highest Cho/Cr in 72% of cases, high
Myo/Cr did not colocalize with regions of high CBV in
the majority of gliomas. IMPA1 scores were significantly
higher in grade III compared to grade II lesions
(p<0.01). There was no correlation between
semiquantitative microglial analysis using Ibal
antibody and Myo/Cr or tumor grade.

CONCLUSION

1. Positive correlation between Myo ratios and grade
differs from other published data, but may reflect
differences in MRS methodology and the previous
comparisons including GBM (Grade [IV) and
oligodendrogliomas. 2. Higher Myo in grade III than
grade II astrocytomas inferred from both MRS and
immunohistochemistry suggests that this metabolite is
not a marker of indolent tumor phenotype. 3. The lack

of correlation between Myo levels on MRS and
microglial abundance does not support the hypothesis
that microglia account for raised Myo levels in gliomas.
4. Poor spatial colocalization between high Myo/Cr and
rCBV supports the view that they reflect different
pathophysiologic processes associated with malignant
transformation.

KEeY WORDS: Glioma, spectroscopy, myoinositol
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Metabolic Characterization of Intracranial
Lymphoma Using Hyperpolarized [1-13C] Pyruvate
at Ultra-High Field (14 T)

Wilson, D. M.-Keshari, K.-Sukumar, S.-Rubenstein, J.

University of California San Francisco
San Francisco, CA

PURPOSE

We tested the hypothesis that CSF metabolites reflect
abnormal cerebral metabolism in CNS lymphoma
patients and might lead to the identification of new
diagnostic and prognostic biomarkers. Two novel
approaches to model the metabolic microenvironment
in CNS lymphoma were pursued: (1) Metabolic profiling
of CSF and (2) Metabolic imaging using hyperpolarized
(HP) 13C probes in preclinical models.

MATERIALS & METHODS

CSF metabolite analysis: Gas chromatography- mass
spectroscopy (GC-MS) was employed to profile a broad
spectrum of metabolites (> 140) in CSF from CNS
lymphoma. Murine Ilymphoma xenografts:
Implantation of a Burkitt’s cell line (Raji) into the brains
RAG-deficient mice was performed, with tumor
progression monitored by bioluminescence. MR
imaging methods: In vivo MR studies were preformed
on a 14 T, 600WB micro-imaging spectrometer
equipped with  100G/cm  gradients (Varian
Instruments). For 13C pyruvate studies, an echo planar
imaging-based pulse sequence has been constructed
using frequency-specific pulses to generate a 3D image
for each metabolite with an acquisition time of
approximately 180 ms.

RESULTS

Metabolite concentrations in CSF from 15 subjects with
active CNS lymphoma were compared to 15 controls
without brain tumors. Seventeen metabolites were
significantly higher in CSF (> two-fold) compared to
controls (p<0.05). CSF concentrations of lactate were
higher in patients with refractory lymphoma compared
to chemotherapy-sensitive tumors. In vivo studies in Raj
mice were performed at 14 T, with correlative
histopathology. Typical results are shown in Figure 1,
demonstrating  significant  differences  between
lymphoma and normal brain using both conventional 1H
imaging and HP 13C pyruvate. HP [1-13C] pyruvate
imaging demonstrated striking elevation in HP [1-13C]
lactate in tumor.
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CONCLUSION

Elevated serum lactate dehydrogenase (LDH) is a
hallmark of lymphoma, and is correlated with disease
relapse/recurrence in several lymphoma subtypes. As
for other cancers, enhanced expression of LDH (with a
concomitant rise in lactate) reflects a primitive
phenotype shifted away from oxidative phosphorylation
and towards flux through glycolysis, consistent with the
Warburg hypothesis. This phenotype not only reflects
the elevated energy demands of tumor, but also relates
to tumor progression, with acidification of the tumor
microenvironment promoting local invasion. Our
hypothesis that changes in CSF lacate seen in PCNSL
patients relate directly to tumor adaptation and disease
aggressiveness. GC-MS studies on the CSF of lymphoma
patients demonstrated significant elevations in lactate.
Studies in a murine model using HP 13C spectroscopy
suggest that metabolic imaging will provide new
diagnostic and prognostic biomarkers for CNS
lymphoma.

KEey WoRDSs: Hyperpolarized, lymphoma, pyruvate
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Noncontrast MR Angiography Using Pseudo-
Continuous Arterial Spin Labeling and 3D Radial
Sampling: Initial Clinical Experience

Rusinak, D.-Wu, H.-Johnson, K.-Wu, Y.-Turski, P.

University of Wisconsin
Madison, WI

PURPOSE

To introduce a novel time resolved, noncontrast MRA
technique that provides high-resolution whole brain MR
angiograms with 200 ms temporal resolution.

MATERIALS & METHODS

PCASL-VIPR uses flow-driven adiabatic inversion to
efficiently label spins passing through an axial slice just
below the skull base. Varying the duration of the
labeling pulse controls the length of the bolus allowing
visualization of filling dynamics. PCASL-VIPR utilizes a

highly undersampled 3D radial SPGR readout to allow
for high-resolution whole-brain PCASL angiograms in
clinically feasible scan times. We have collected time-
averaged acquisition with a single 3s tag and time-
resolved images following labeling durations of 0, 200,
400, 600, 800, 1000, 1500 and 3000 msec (total scan
time 6 min). To assess image quality two investigators
were presented with source images and MIPs from 3D
TOF and time-averaged PCASL-VIPR exams on a PACS
workstation. Vessel conspicuity and saturation artifacts
were evaluated on a four-point scale. Eight vessel
segments were evaluated in 10 subjects and pathologic
conditions (AVM, aneurysm, stenosis) were evaluated
for each of the five patients. A Wilcoxon signed rank
method was used to test for a significant (p < 0.05).
Time resolved images were evaluated for filling pattern
visualization and time of arrival measurements.

RESULTS

The figure shows 200, 600, 1000, 1200, and 3000 msec
images from a patient with an AVM and the time of
arrival map generated using the complete dataset. Our
image quality evaluation in volunteer subjects
demonstrated that the PCASL-VIPR provides diagnostic
quality images equivalent to 3D TOF with less
saturation artifacts (Wilcoxon signed rank method
p<0.5). Our preliminary experience indicates that
PCASL-VIPR is able to show differential filling rates in
normal and pathologic vessels and is particularly useful
for delineating the arterial supply to AVMs and
detecting reduced flow in patients with arterial
stenosis.

1000ms

CONCLUSION

PCASL-VIPR provides time-resolved images with
temporal resolution of 200 msec. The images are free of
limitations related to bolus dispersion or bolus timing.
The initial clinical experience shows that the technique
has fewer artifacts related to saturation effects
compared to 3D TOF and provides quantitative
measurement of arterial time of arrival.

KEy WoRDS: MR angiography, noncontrast, ASL
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Combined Cerebral Perfusion Imaging, Contrast-
Enhanced MR Angiography, and Phase-Contrast
Flow Analysis of the Cerebrospinal Veins Using a
Single Dose of Blood-Pool Contrast: Test-Retest
Reproducibility

Huston, ]. M.-Vigen, K.-Field, A.

University of Wisconsin
Madison, WI

PURPOSE

Altered cerebral white matter perfusion is a component
of the current hypothesis linking chronic cerebrospinal
venous insufficiency (CCSVI) to the pathogenesis of
multiple sclerosis. Dynamic susceptibility contrast
(DSC) MRI is the most common technique for imaging
cerebral perfusion. Using conventional gadolinium
contrast agents, multiple injections would be needed for
first-pass  perfusion imaging, contrast-enhanced
magnetic resonance angiography (CE MRA) and phase-
contrast analysis of venous flow. Use of a blood-pool
gadolinium contrast agent, such as gadofosveset
trisodium, allows perfusion imaging and CE MRA with a
single injection. The purpose of this study is to evaluate
the feasibility of a comprehensive CCSVI imaging
protocol comprising perfusion, CE MRA, and venous
flow quantitation from a single injection of blood-pool
contrast, and to assess the test-retest reproducibility of
cerebral perfusion parameters derived from this
protocol.

MATERIALS & METHODS

A single dose of gadofosveset trisodium (Ablavar,
Lantheus Medical Imaging, 0.03 mmol/kg at 3 mL/s)
was used to obtain first-pass DSC perfusion, contrast-
enhanced MRA, and time-resolved PC-VIPR MRV
imaging in six healthy volunteers on a clinical 3 T
system. Cerebral blood flow (CBF), cerebral blood
volume (CBV), and mean transit time (MTT) maps were
coregistered to axial T1-weighted MRI and symmetric
regions of interest (ROI) were placed over bilateral
centrum semiovale (fixed ellipse, area 265 mm2) to
obtain mean white matter CBF, CBV, and MTT for each
exam. Volunteers were repeatedly imaged on two
separate days to assess reproducibility of hemodynamic
parameters using Bland-Altman analysis.

RESULTS

T2* signal change with single-dose Ablavar was seen
less than typical for more conventional gadolinium
contrast agents as previously reported in pigs but
remained sufficient to generate comparable parametric
maps. Cerebral blood flow measurements ranged
between 9.14-21.71 mL/100g/min on day 1 and 9.31-
22.48 mL/100g/min on day 2 (limits of agreement, 2.76
+/- 10.71) . Cerebral blood volume measurements
ranged between 0.66-2.08 mL/100g on day 1 and 0.90-
1.95 mL/100g on day 2 (limits of agreement, 0.29 +/-
1.15). Mean transit time measurements ranged between
5.44-7.80 s on day 1 and 5.12-8.61 s on day 2 (limits of
agreement, 0.08 +/- 1.05).

CONCLUSION

Dynamic susceptibility contrast MRI with single-dose
blood-pool contrast is feasible, reproducible, maintains
a cost profile similar to more conventional gadolinium-
based agents, and can be combined with CE MRA and
quantitative flow MRV without the need for multiple
injections.

Key WoOoRDs: Blood pool cerebral
perfusion, PC-VIPR

contrast agent,
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Visualization of Extracranial-Intracranial Bypass by
Noncontrast Time-Resolved MR Angiography Using
Arterial Spin Labeling

Tsuchiya, K.-Gomyo, M.-Ohara, A.-Imai, M.-Tateishi,
H.-Nitatori, T.

Kyorin University
Tokyo, JAPAN

PURPOSE

Our purpose was to assess the visualization of the
extracranial-intracranial (EC-IC) bypass by using
noncontrast time-resolved MR angiography that has
been developed based on the arterial spin labeling
(ASL) technique.

MATERIALS & METHODS

The patient group comprised a total of 26 patients (age
range, 21-80 years; mean age, 59 years; 13 men and 13
women). Their disease included stenosis or occlusion of
the internal carotid artery (14 patients) or the middle
cerebral artery (MCA, fivw patients), moyamoya disease
(five patients), and dissection in the vertebrobasilar
system (two patients). Procedures of EC-IC bypass
included a superficial temporal artery (STA) MCA
bypass in 19 patients and a high-flow bypass by using a
graft taken from the radial artery or other vessels in
seven patients. Noncontrast time-resolved MR
angiography was performed on a 1.5 T system using a
3D steady-state coherent gradient-echo sequence with
parameters as follows: TR/TE/FA, 5.5 ms/2.5 ms/120
deg; FOV, 33x33 cm; imaging matrix, 256 x 256; slab
thickness, 58 mm; and section thickness, 5 mm
interpolated to 2.5 mm. In synchronization with the
cardiac cycle by using the digital pulse wave, we
performed 5-7 scans changing an inversion time by 200
ms in the coronal plane centered at the bypass site.
Obtained images were compared visually with 3D time-
of-flight (TOF) MR angiograms in all patients as well as
digital subtraction angiograms in six patients regarding
the visualization of the anastomosis and distal arterial
branches. The assessment was done using a three-point
grading system by consensus of two neuroradiologists.

RESULTS

Noncontrast time-resolved MR angiography better
depicted anastomosis and distal arterial branches than
3D TOF MR angiography in 12 patients (46%), while the
two techniques were equivalent in 14 patients (54%).
Noncontrast time-resolved MR angiography



comparably demonstrated the bypass with digital
subtraction angiography in the six patients.

CONCLUSION

Noncontrast time-resolved MR angiography is at least
equivalent to 3D TOF MR angiography and conventional
digital subtraction angiography to evaluate the
postoperative status of EC-IC bypass.

KEeYy WORDS: Arterial spin labeling, MR angiography,
bypass
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Cerebral Perfusion Postprocessing Using Vascular
Territory-Based Region of Interest Analysis

Vakil, P.-Qian, R.-Habib, A.-Vranic, ]J.-Shaibani, A.-Ansari,
S. A.-Carroll, T.-Hurley, M. C.

Northwestern University Feinberg School of Medicine
Chicago, IL

PURPOSE

Sampling cerebral perfusion data involves the
placement of discrete regions of interest (ROIs) on axial
perfusion images. Regions of interest often are created
by a radiologist in a simple clock face distribution which
lacks vascular pathophysiologic coherence. This can
result in a tailored but subjective assessment that
cannot be compared easily serially or cross-sectionally.
We illustrate an automated system of cerebral perfusion
analysis using ROIs that conform to standard
cerebrovascular anatomical landmarks.

MATERIALS & METHODS

Vascular territories were drawn by an experienced
neuroradiologist on a normalized canonical T1 image
using the MRIcron software. The following territories
were considered: basilar; superior cerebellar, combined
anterior  inferior  cerebellar/posterior  inferior
cerebellar; superior, inferior, and M1 perforator regions
of the middle cerebral artery; posterior cerebral; and
anterior cerebral arteries. These vascular territories

were registered automatically to each subject’s cerebral
MR perfusion (MRP) maps using the statistical
parametric mapping software (SPM) package. MR
perfusion parameters (cerebral blood flow and volume)
were calculated in each vascular territory using
MATLAB. The validity of this technique is demonstrated
in 10 patients with neurovascular disease (six patients
with acute ischemic stroke and four patients with
chronic occlusive disease) who received DSC MRI
perfusion and anatomical T1-weighted imaging as part
their neurovascular assessment. Automated vascular
territory registration was assessed independently by
two neuroradiologists to determine conformance to
anatomical landmarks. A grade on a scale of 0-2 was
assigned (0-poor, 2-excellent).

RESULTS

Vascular territory registration was performed with near
perfect accuracy (average score of 1.9/2) for each
territory. Figure 1a displays a canonical T1 image with
overlaid vascular territories drawn as color coded ROIs.
Figure 1b demonstrates the registered PCA territory of
a single subject presenting with an acute embolic stroke
in the right PCA This can be visualized as reduced CBF
in the right PCA vascular distribution in the MR CBF
perfusion image (Figure 1c). This also is demonstrated
in the vascular territory bar graph analysis which shows
the qCBF values in gray matter of each vascular
distribution (Figure 1d). In this figure, the blue line
shows mean qCBF in healthy gray matter (55
ml/100g/min). The dotted blue lines demonstrate one
standard deviation above and below the healthy mean.

CONCLUSION

We find that our automated ROI analysis may provide
new insights into source of ischemia and an objective
and reproducible means for evaluating vascular
territory perfusion in patients with neurovascular
disease.

KEY WORDS: Region of interest, vascular territory
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Evaluation of Cerebrospinal Venous Anatomy and
Hemodynamics Using Isotropic-Voxel, Time-
Resolved Phase Contrast Vastly Undersampled
Radial Projection Imaging

Huston, ]. M.-Schrauben, E.-Johnson, K.-Wieben, O.-Field,
A.

University of Wisconsin
Madison, WI

PURPOSE

Abnormal venous hemodynamics is a key concept in the
current hypothesis of chronic cerebrospinal venous
insufficiency (CCSVI) as a potentially causative factor in
multiple sclerosis. Ultrasonography was the primary
method used by Zamboni et al but several authors have
since raised concerns regarding operator dependence
and interobserver reproducibility of ultrasonography.
PC VIPR is a novel magnetic resonance imaging (MRI)
technique that may provide more objective,
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reproducible imaging including both high-resolution 3D
vascular anatomical images and hemodynamic
measurements in 3D. The purpose of this study is to
evaluate feasibility and reproducibility of PC VIPR
imaging of the cerebrospinal venous system.

MATERIALS & METHODS

PC VIPR imaging of five healthy volunteers was
performed on a clinical 3 T system. A single dose of
gadofosveset trisodium (Ablavar, Lantheus Medical
Imaging, 0.03-0.05 mmol/kg at 3 mL/s) performed
“triple duty” as a contrast agent for first-pass perfusion,
contrast-enhanced MRA, and PC VIPR. Cerebral, internal
jugular (IJV) and azygous (AV) veins were imaged in
three stages with neurovascular and cardiac phased-
array coils. Maximum intensity projection imaging was
performed with corresponding flow visualization in the
form of vector fields. Peak and mean flow were
measured from the dominant internal jugular vein at
the levels of the jugular bulb and subclavian junction,
and from the azygous vein. Volunteers were imaged
repeatedly on two separate days for Bland-Altman
analysis of test-retest reproducibility.

RESULTS

Cerebral veins, IJV, and AV were well depicted in 2D and
3D. At the level of jugular bulb, peak velocities within
the dominant IJV ranged between 4.92-7.69 mL/s on
day 1 and 3.40-9.30 mL/s on day 2 (limits of agreement,
0.78 +/- 4.68 mL/s). The mean velocities ranged
between 3.25-4.95 mL/s on day 1 and 1.56-5.94 mL/s
on day 2 (limits of agreement, 0.69 +/- 2.25 mL/s). At
the level of the junction of the subclavian vein, peak
velocities within the internal jugular vein ranged
between 3.84-15.00 mL/s on day 1 and 2.32-19.96
mL/s on day 2 (limits of agreement, -2.80 +/- 12.68
mL/s). The mean velocities ranged between 1.11-7.95
mL/s on day 1 and 0.09-9.05 mL/s on day 2 (limits of
agreement, -0.34 +/- 7.14 mL/s). At the level of the
azygous veins, the peak velocities ranged between 5.45-
9.11 mL/s on day 1 and 6.13-10.12 mL/s on day 2
(limits of agreement, -1.10 +/- 4.94 mL/s). The mean
velocities ranged between 1.54-5.19 mL/s on day 1 and
1.02-4.63 mL/s on day 2 (limits of agreement, -0.36 +/-
1.79 mL/s).

CONCLUSION

PC VIPR is a feasible noninvasive technique that
provides detailed evaluation of the cerebrospinal
venous anatomy with flow quantitation in 3D and
should provide more objective, reproducible imaging of
CCSVI than operator-dependent ultrasonography. The
addition of retrospective cardiac-respiratory double
gating should further improve reliability of quantitative
flow measurements.

Key WORDs: Cerebrospinal venous
cerebrospinal venous hemodynamics, PC-VIPR

anatomy,

0-113 3:40 PM - 3:48 PM

Comparison between T1 TSE, T1 MPRAGE and
Subtraction Postprocessing at 1.5 T and Comparison
between T1 FLAIR, T1 MPRAGE and Subtraction
Postprocessingat 3 T

Downs, R. K.-Bashir, M.-Heidenreich, J.

University of Louisville
Louisville, KY

PURPOSE

Using contrast to background ratios to objectively
compare the visibility of enhancing brain tumors
(mostly metastases) of different sizes using 5 mm slice
thickness T1 TSE and 1.5 mm slice thickness T1
MPRAGE for 1.5 T and compare 4 mm slice thickness T1
FLAIR with 1.5 mm slice thickness T1 MPRAGE at 3 T to
determine which would be better for detection of small
lesions. Each series also was subtracted digitally from
its precontrast series and the contrast to background of
lesions in the subtracted series was added to the
comparison.

MATERIALS & METHODS

Approved IRB. Enrolled 13 patients with a total of 38
lesions at 1.5 T and 14 patients with a total of 55 lesions
at 3 T. Used 1.5 T Siemens Espree and 3 T Siemens
Verio. At 1.5 T precontrast and postcontrast T1 TSE
(parameters TE 17, TR 400, FA 90, matrix 186 x256,
slice thickness 5 mm, gap 1.25 mm, FOV 200 x 220) and
precontrast and postcontrast T1 MPRAGE (parameters
TE 4.07, TR 894, FA 15, matrix 512 x 512, slice
thickness 1.5 mm, gap 0 mm, FOV 350 x 350. At 3 T
precontrast and postcontrast T1 FLAIR (parameters TE
12, TR 2610, TI 928, FA 120, matrix 202 x 320, slice
thickness 4 mm, gap 1.2 mm, FOV 200 x 220) and
precontrast and postcontrast T1 MPRAGE (parameters
TE 2.89, TR 1190, FA 9, matrix 512 x 512, slice
thickness 1.5 mm, gap 0 mm, FOV 350 x 350). Digital
subtraction between each pre and postcontrast series
type was performed. Contrast to background (C/B)
signal intensity was measured using ROI over
enhancement (centrally if solid, along the rim if ring
enhancing) (Ce), ROI over contralateral normal brain of
same type (Cb), and ROIs over nearest air (Ca) then
calculating: C/B = (Ce-Ca)/(Cb-Ca). For subtraction
imaging Cb-Ca was occasionally zero or less, in these
instances was defined as ‘1’ to prevent inadvertent
amplification. The data was graphed as C/B versus
lesion size for each series and compared.

RESULTS

Subtraction provided the clear advantage in contrast to
background with values ranging from 10x to 100x that
of comparable sized nonsubtracted values. Thin section
T1 MPRAGE provided increased contrast to background
values compared to T1 TSE at 1.5 T but was inferior to
T1 FLAIR at 3 T which increased with lesion size but for
lesions less than 10 mm was not significant. One 2 mm
lesion seen on 1.5 T MPRAGE was not seen on T1 TSE
and in another patient one 3 mm lesion seen on 1.5 T T1
TSE was not seen on T1 MPRAGE.
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CONCLUSION

Subtraction provides a clear advantage in improved
contrast to background for all lesion sizes compared to
nonsubtracted T1 TSE, T1 FLAIR and MPRAGE at 1.5 T
and 3 T. T1 MPRAGE provided mildly improved contrast
to background compared to T1 TSE at 1.5 T but was
mildly inferior to T1 FLAIR at 3 T, the difference
progressed with lesion size. However, for small lesions
(< 10 mm) which are what radiologists are most
concerned about detecting there was no significant
difference.

KEeYy WORDS: MR imaging, subtraction, postprocessing
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Improved Subthalamic Nucleus Visualization Using
Quantitative Susceptibility Mapping

Eskreis-Winkler, S.1-Liu, T.2-Kaplitt, M.!-Tsiouris, A.
J.1-Wang, Y.1

1Weill Medical College of Cornell University, New York,
NY, 2MedImageMetric LLC, New York, NY

PURPOSE

Neurosurgeons performing deep brain stimulation
procedures on Parkinson’s disease patients often must
pinpoint the precise location of the subthalamic nucleus
(STN). However, the STN can be difficult to visualize on
conventional MR images, often T2-weighted (T2W)
images. Since the STN is a site of iron deposition in the
brain, it appears hyperintense on quantitative
susceptibility mapping (QSM), a recently developed MRI
technique that is sensitive to the presence of iron. The
purpose of this study is to test the hypothesis that QSM
is better than T2W for delineating the STN.

MATERIALS & METHODS

Five healthy volunteers were imaged using a T2W fast
spin-echo sequence and a multiecho gradient-echo
sequence with identical resolution (0.75x0.75x2mm3,
40 coronal slices) and similar scan time (under 5 min)
on a 3 T MRI system. Quantitative susceptibility
mapping was reconstructed from the gradient echo
sequence. The contrast-to-noise ratios (CNRs) of the
STNs in the T2W and QSM images for each subject were
measured using a 1D signal intensity plot through the
STN. The peak STN voxel value minus the minimum
voxel value of the neighboring background was taken as
the contrast. Noise was measured from a region of
interest inside the lateral ventricle by calculating the
standard deviation of the signal intensity. A paired t-test
was performed on the STN CNRs to assess the
difference between T2W and QSM.

RESULTS

The CNRs of the STN were on average 3.89 on T2-
weighted images and 51.18 on QSMs, a 13 fold
improvement (p = 0.010). An example case is illustrated
in Fig.1 (arrow points to right STN).

CONCLUSION

Quantitative susceptibility mapping provides better
CNR for depicting the STN than conventional T2W
imaging, and may be helpful to neurosurgeons planning
deep brain stimulation procedures on Parkinson’s
disease patients.

Key WoRDs: QSM, STN, Subthalamic nucleus
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Pitfalls of 3D FLAIR Brain Imaging: A Prospective
Comparison with 2D FLAIR

Kakeda, S.1-Korogi,
T.1-Hirai, T.3

Y.1-Hiai, Y.2:Ohnari, N.!:Sato,

1University of Occupational and Environmental Health
School of Medicine, Kitakyushu-shi, JAPAN, ZKumamoto
University, =~ Kumamoto-shi, JAPAN, 3Kumamoto
University School of Medicine, Kumamoto-shi, JAPAN

PURPOSE

Several authors have reported advantages of 3D fluid-
attenuated inversion-recovery (FLAIR) over 2D FLAIR
especially in the detection of MS lesions. To our
knowledge, however, no previous studies have
systematically compared 2D and 3D FLAIR. The purpose
of our present study was to compare prospectively the
image contrast of various brain lesions on 2D and 3D
FLAIR images and to highlight the pitfalls of 3D FLAIR.

MATERIALS & METHODS

In this prospective study, 130 patients suspected of
having brain lesions on the basis of clinical history or
neurologic findings underwent MR imaging with 2D and
3D FLAIR, and a total of 94 different lesions were
evaluated. The conspicuity and detection of the various
lesions were assessed qualitatively, and the contrast
ratio between the gray or white matter and lesions was
calculated as a quantitative assessment. We also
performed a phantom study to investigate the effects of
different flow velocities on 2D and 3D FLAIR.

RESULTS

With regard to the conspicuity and detection, 3D FLAIR
was equal or superior to 2D FLAIR for multiple
sclerosis, ischemic lesions or infarction, brain tumors,
and chronic trauma. For these lesions, the mean
contrast ratios were higher on 3D FLAIR than on 2D
FLAIR images. In terms of the conspicuity of the
extraaxial tumors (meningioma and schwannoma) and
the subarachnoid hemorrhage, 3D FLAIR were also
superior to 2D FLAIR due to the uniform suppression of
the cerebral spinal fluid (CSF) signal eliminating CSF
pulsation artifacts. However, 3D FLAIR was sometimes
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inferior to 2D FLAIR in terms of lesion conspicuity in
the patients with hippocampal sclerosis and
leptomeningeal metastasis. Moreover, the ivy sign in
patients with moyamoya disease frequently was
obscured on 3D FLAIR compared with 2D FLAIR (Fig.,
arrows). The phantom study demonstrated that the
signal intensity ratio on 3D FLAIR decreased more
rapidly with increasing velocity than that on 2D FLAIR,
which might result in a difference in the depiction of the
ivy sign between both sequences.

Fig. Moyamoya disease in a 34-year-woman.

2D FLAIR image

3D FLAIR image

CONCLUSION

Although 3D FLAIR may replace 2D FLAIR images for
most patients, the radiologists should keep in mind that
3D has some pitfalls.

Key WoRbDs: 3D FLAIR, ivy sign, pitfall
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Cortical Volume Measurements in Freesurfer 4.5
and 5.0

Tanabe, ]. L.-Krmpotich, T.-York, P.-Rojas, D.-Miller, D.

University of Colorado Denver
Denver, CO

PURPOSE

Quantitative neuroimaging tools are useful for studying
neurologic and psychiatric disorders but their
application remains largely limited to research.
Freesurfer (FS) is one tool that measures regional
cortical volume and thickness based on 3 D surface
modeling of cortical and sulcal topology. Editing and
long computation times are major impediments to
translating FS to the clinic. Updates to FS (v5.0)
optimize algorithms and shorten computation time, but
validations across versions have not been performed.
The goal of this study was to evaluate the consistency of
cortical volume measurements obtained from fully
automated FS v5.0 to edited FS v4.5.

MATERIALS & METHODS

Fifty-four adults (35.6 £ 8.1 years) were scanned on a 3
T MR system using a quadrature head coil. T1-weighted
SPGR-IR images were acquired (TR 45, TE 20, FA 45°,
2562, .9 x .9 mm? in-plane, 1.7 mm thick). Images were
processed with FS v4.5. A trained researcher corrected
inaccuracies in white/gray matter boundary and pial
surface. The same dataset then was analyzed with FS
v5.0. Editing was not conducted on this dataset because

we wanted to assess the performance of fast and fully
automated processing to a “gold standard” (i.e., edited
and verified) dataset. Cortical volumes in 34 gyral-
based regions (Desikan’s atlas) were obtained for each
hemisphere. Statistical analyzes: Volumes were
compared with 2-tailed, paired t-test, p<.001, corrected
for 34 multiple comparisons. Volumes were correlated
across versions.

RESULTS

Correlations are plotted as a function of volume, with
each sphere representing a region. There was generally
good correlation between versions of FS (r-value range:
.31-.96, median: .84). The weakest correlations were in
smaller regions. Differences in volume were found in
18/64 (28%) regions (black spheres) independent of
region size or correlation strength. There was no
consistent direction of volume differences.

Correlation between 4.5 vs 5.0 as a function of volume
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CONCLUSION

Cortical volumes from fully automated FS v5.0 showed
modest to strong correlations with FS v4.5. Weak
correlations in smaller regions may be relate to
statistical noise. Regardless of correlation, however,
volumes differed significantly in a large number (28%)
of regions in FS v5.0 compared to v4.5. Reasons for
differences across versions are unknown and not likely
due to editing as they were seen in regions that typically
require no editing (cingulate, insula, and middle frontal
gyrus). In conclusion, while computation is faster in FS
v5.0 compared to v4.5, inconsistencies across versions
and a continued need for editing are impediments to
translating FS v5.0 into the clinical workflow.

Key  WORDs: cortical
postprocessing

Freesurfer, volume,
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Evaluation of Metal Artifact Reduction Techniques
Using 2D View Angle Tilting and Slice-Encoding for
Metal Artifact and 3D Multi-Slab Acquisition with
View Angle Tilting Gradient, Based on SPACE
(MSVAT-SPACE) Techniques in Brain Imaging at 1.5
and3 T

Trelles de Belaunde, M.!:Goerner, F.!-Ai, T.2-Padua,
A3-Nittka, M.4-Runge, V.1

1University of Texas Medical Branch at Galveston,
Galveston, TX, 2Tongji Hospital, Huazhong University of
Science and Technology, Wuhan, CHINA, 3Siemens
Healthcare, Houston, TX, 4Siemens Healthcare,
Erlangen, GERMANY

PURPOSE

To evaluate 2D standard FSE sequences (STANDARD),
sequences with optimized BW for metallic artifact
suppression (OPTIMIZED) and the work in progress
sequences View Angle Tilting (VAT) and Slice-Encoding
for Metal Artifact with View Angle Tilting (SEMAC-VAT)
and the 3D sequence Multi-Slab Acquisition with VAT
based on the SPACE Sequence (MSVAT-SPACE) in brain
imaging for the reduction of metallic artifacts at 1.5 and
3T.

MATERIALS & METHODS

Agarose phantoms with two different aneurysm clips
and an agarose phantom built to simulate a head with
braces were imaged at 1.5 T (Espree, Siemens
Healthcare) and 3 T (Verio, Siemens Healthcare)
evaluating 2D FSE T1, T1 FLAIR (at 3 T), T2 and T2
FLAIR sequences using STANDARD, OPTIMIZED, VAT
and SEMAC-VAT techniques and 3D MSVAT-SPACE,
SPACE, MP-RAGE and FLASH sequences. A healthy
volunteer with braces was imaged at 1.5 T. Artifact size
was calculated for the aneurysm clips and SNR was
obtained for all sequences. These values were reported
as a percentage of the value on the STANDARD
sequence to better quantitate the effect of BW
optimization, VAT and SEMAC-VAT techniques. A
blinded read was performed on images from the metal
braces phantom and healthy volunteer to measure
geometric distortion, blurring, size of artifact and

overall image quality by an  experienced
neuroradiologist.
RESULTS

Overall aneurysm clip artifact size was reduced by
32.9%, 51.3% and 53.7% for OPTIMIZED, VAT and
SEMAC-VAT. SNR was reduced by 34.4%, 49.7% and
44.4% respectively. At 1.5 T, VAT and SEMAC-VAT
provide an additional 15.2% and 17.9% reduction in
artifact size to bandwidth optimization. The results
were more marked at 3 T with 21.6% and 23.8%
additional reduction in artifact size. 3D imaging showed
an overall artifact reduction of 38.5% for MS-VAT
SPACE when compared to standard SPACE with MP-
RAGE and FLASH showing even larger artifact sizes
(approximately 376% and 665% larger than standard
SPACE, respectively). The blinded read consistently
ranked artifact size and geometric distortion from

largest to smallest STANDARD, OPTIMIZED and VAT =
SEMAC-VAT. Blurring was greatest in the VAT and
SEMAC-VAT sequences followed by the OPTIMIZED and
STANDARD sequences.
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CONCLUSION

MSVAT-SPACE, VAT and SEMAC-VAT sequences provide
additional improvement for metallic artifacts on MRI by
reducing artifact size and field distortion over that
achievable with bandwidth optimization. The additional
improvement was more evident at 3 T. Potential
limitations  include decreased SNR, blurring,
incremental imaging time and increased SAR deposition
especially at 3 T and with SEMAC technique.

KEY WORDS: Metal artifact, VAT, SEMAC

0-118 4:20 PM - 4:28 PM

Effects of Increased Noise on Image Quality and
Quantitative Interpretation in Low-Dose CT
Perfusion

Shih, J.-Juluruy, K.-Liu, Y.-Herrmann, C.-Hoelscher, A.-Raj,
A.-Comunale, ].-Delaney, H.-Greenberg, E.-Sanelli, P.

Weill Cornell Medical College/New York Presbyterian
Hospital
New York, NY

PURPOSE

To determine the effects of increased noise on image
quality and quantitative interpretation in low-dose CT
perfusion (CTP).

MATERIALS & METHODS

Retrospective analysis of 20 consecutive CTP in
subarachnoid hemorrhage patients was performed. The
acquired CTP was used as the reference dataset scanned
with standard protocol (190mA,80kVp,5.0mm slices).
Varying amounts of spectral noise were applied to the
reference to generate noise-simulated datasets
estimating different tube current levels (188, 177, 167,
127, 44mA). Standardized methods were used to
postprocess datasets into cerebral blood flow (CBF),
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cerebral blood volume (CBV), and mean transit time
(MTT) maps. Qualitative analysis: Six blinded
radiologists determined quality scores on a Likert scale
(grade 1 as highest quality compared to reference
image) using a software program that randomly
displayed a noise-simulated CTP map with its reference
for comparison. Spearman rank correlation coefficients
determined the relationship between quality grade and
noise level. Interobserver agreement was calculated by
prevalence-adjusted bias-adjusted kappa
values(PABAK). Quantitative analysis: Using
standardized methods, 26 identical region-of-interest
(ROI) placement sampling the cortex on each slice was
performed. Mean and standard error of CBF, CBV and
MTT were calculated. Paired two-tailed t-test
determined statistical significance.

RESULTS

A total of 1200 maps were generated; 400 CBF, 400 CBV
and 400 MTT. There were 104 ROIs per subject per
noise level for each map. Qualitative analysis: There
were 7200 quality grades collected from six
radiologists. The distribution of quality grades for each
noise-simulated level for CBF, CBV and MTT is
presented in Figure 1. The correlation coefficients for
CBF (-0.34,p<0.0001), CBV (-0.35,p<0.0001) and MTT (-
0.44,p<0.0001) were statistically significant.
Interobserver agreement for noise levels 1-5 for CBF is
0.95, 0.98, 0.98, 0.95 and 0.52 respectively; CBV is 1, 1,
1, 1 and 0.83 respectively; and MTT is 0.83, 0.86, 0.88,
0.74 and 0.05, respectively. Quantitative analysis: Only
noise level 5 showed statistically significant findings in
the quantitative differences from the reference dataset
for CBF (-1.8,p = 0.04), CBV (0.07,p = 0.0006) and MTT
(0.45,p<0.0001). In a subgroup analysis of visual
perfusion deficits, statistically significant differences
also were seen only for noise level 5 for CBF (0.10,p<
0.0001) and MTT (0.34,p = 0.0079).

Figure 1: Distribution of quality scores for each noise-simulated level.
(Noise level 5 has the greatest amount of spectral noise introduced. estimating 44mA.)
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CONCLUSION

Based on dose simulation techniques, CTP may be
performed using 127mA to reduce radiation exposure
while maintaining both image quality and quantitative
interpretations. Statistically significant differences are
only seen at the highest noise level (estimated 44mA)
with worsening interobserver agreement potentially
leading to interpretation variability. It may be possible
to reduce radiation exposure further; however,
continued investigation is warranted.

KEey WORDS: CT perfusion, radiation dose reduction
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bolic Diseases
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Scientific Paper (0)

Smith, E. A.
University of Michigan
Ann Arbor, MI

0-120 3:08 PM - 3:16 PM

White Matter Abnormalities in Late Life Depression:
Relationship to Age and Treatment Response

Mettenburg, ]. M.-Benzinger,
S.-Snyder, A. Z.-Sheline, Y. L.

T. L. S.-Shimony, ]J.

Washington University School of Medicine
St. Louis, MO

PURPOSE

Traditional T2-weighted MR imaging results are
nonspecific for the extent of underlying white matter
structural abnormalities present in late life depression.
Diffusion tensor imaging provides a unique opportunity
to investigate the extent and nature of structural injury,
but has been limited by examining only a subset of
regions of interest and by confounds common to the
study of an elderly population, including comorbid
vascular pathology. Furthermore, comprehensive
correlation of diffusion tensor imaging (DTI)
measurements, including axial and radial diffusivity
measurements, has not been demonstrated in the late
life depression population.

MATERIALS & METHODS

Fifty-one depressed and 16 nondepressed, age- and
cerebrovascular risk factor-matched elderly subjects
underwent traditional anatomical T1- and T2-weight
imaging, as well as DTIL. The DTI data were skeletonized
using tract-based spatial statistics (TBSS), and both
regional and global analyzes were performed.
Relationships of the DTI findings with age and
treatment response are explored and discussed.

RESULTS

Widespread structural abnormalities within white
matter were detected, most prominent in uncinate and
cingulate white matter, accounting for age, gender and
education and matched for global T2 white matter
hyperintensity volume. Regional differences generally
were characterized by an increase in radial diffusivity.
Age-related changes particularly in the cingulate bundle

were more advanced in individuals with late life
depression relative to controls. Individuals in remission
after 12 weeks demonstrate less extensive white matter
abnormalities than individuals with persistent
depressive symptoms, when compared to controls with
TBSS.

CONCLUSION

White matter integrity is compromised in late life
depression, largely manifested by increased radial
diffusivity in specific regions, suggesting underlying
myelin injury. A possible mechanism for underlying
myelin injury is chronic white matter ischemia related
to intrinsic cerebrovascular disease. In some regions
such as the cingulate bundle, the white matter injury
related to late-life depression appears to be
independent of and compounded by age-related
changes. White matter integrity may be necessary for
successful treatment of late life depression, suggesting a
need for intact functional networks.
Key WoOoRDs: Diffusion tensor late life
depression, radial diffusivity

imaging,
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Interseptal Distance: A New Marker for Alzheimer
Disease and Mild Cognitive Impairment

Gan, C. L.1-0'Sullivan, M.12-Halpin, S.1

1University Hospital of Wales, Cardiff, UNITED
KINGDOM, 2Cardiff University, Cardiff, UNITED
KINGDOM

PURPOSE

Whilst the majority of the neuroimaging research in
Alzheimer disease has been centered around mesial
temporal lobe atrophy a few studies have shown
subcallosal septal area atrophy in relation to Alzheimer
disease. The subcallosal area and paraterminal gyrus,
collectively known as the septal area, are part of the
limbic system. The septal nuclei are subcortical gray
matter nuclei deep to the septal area and are readily
apparent on routine CT scans of the brain. Based on
clinical observations, this paper tests a hypothesis that
the distance between right and left septal nuclei is a
surrogate measure for atrophy of these nuclei, and
therefore potentially an easily quantifiable imaging
marker for neurodegeneration.

MATERIALS & METHODS

(i) To observe the variation of the interseptal distance
(ISD) within a population, ISD in 250 consecutive
patients who had CT brain at University Hospital of
Wales, Cardiff, U.K,, excluding patients with intracranial
mass lesions, large infarcts and history of neurosurgery,
were measured independently by an experienced
neuroradiologist and a second-year radiology trainee.
Any history of Alzheimer disease, cognitive impairment
or other chronic memory problems was noted. The
measurements then were compared between the two
assessors for reproducibility analysis. An optimum cut-
off value was calculated between normal and abnormal
values. (ii) To test our proposed ISD cut-off value in
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Alzheimer disease patients, we measured the ISD from
CT brain images in the first 20 patients from the
memory clinic database who had established Alzheimer
disease. (iii) To assess the value of applying the ISD cut-
off value in mild cognitive impairment, ISD then was
measured from MRI images of 66 datasets taken from a
research study investigating structural correlates of
ageing and mild cognitive impairment, including 21
patients with mild cognitive impairment and 45 age-
matched healthy controls. The radiologists were
blinded to clinical details.

RESULTS

(i) Interseptal distance measurement was achieved in
all 250 patients, taking only a few seconds each. Mean
ISD for control patients was 2.3 mm; for those 28
patients with chronic memory problems was 5.9 mm (p
= 0.001), with an inter-rater coefficient of variation of
10.5% and an intraclass correlation coefficient of 0.96.
The optimum cut-off between normal and abnormal ISD
was assessed as 4 mm with sensitivity of 85.7% and
specificity of 85.8%. (ii & iii) Mean ISDs for the different
patient groups were: Alzheimer disease patients: 6.1
mm; mild cognitive impairment patients: 3.84 mm and
healthy controls: 2.18 mm (p = 0.001). All Alzheimer
disease patients invariably had an ISD of more than 4
mm. Using a cut-off value of 4 mm, we correctly
identified 10 mild cognitive impairment patients
(47.6%) and 38 healthy controls (84.4%).

CONCLUSION

To our knowledge, this is the first study that has
demonstrated a highly accurate, simple, quick, reliable
and reproducible quantitative measurement for septal
area atrophy as a marker for neurodegenerative states.
The results confirmed our hypothesis that Alzheimer
disease and mild cognitive impairment patients have
significantly wider ISD. Its use simplifies the imaging
correlation of Alzheimer disease and mild cognitive
impairment.

KEY WORDs: Interseptal distance, Alzheimer disease,
mild cognitive impairment
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Gray Matter Volume Loss in Patients with Alzheimer
Disease: Is There a Gender Difference?

Weininger, M.!-Vavro, H.1.2-Patrick, K.!-Parker, R.
0.1-Rumboldt, Z.1-Spampinato, M. V.1

1Medical University of South Carolina, Charleston, SC,
2University Hospital Dubrava, Zagreb, CROATIA

PURPOSE

Our purpose was to assess if there are gender specific
differences in gray matter volume loss patterns in
patients with newly diagnosed Alzheimer disease (AD)
using voxel-based morphometry, a whole-brain analysis
technique.

MATERIALS & METHODS
Our study population included 83 patients (52 men, 31
women; mean age 77+7 years) from the Alzheimer’s

Disease Neuroimaging Initiative (ADNI), who during
study participation experienced progression from
amnestic mild cognitive impairment (aMCI) to AD.
Imaging and clinical evaluation of aMCI patients were
obtained every 6 months as part of the ADNI protocol.
Brain MRIs obtained 1 year before conversion from
aMCI to AD, at the time of AD diagnosis, and after 12
months were available. Voxel-based morphometry with
SPM5 was used to process MPRAGE images. The
General Linear Model Repeated Measures was
performed to evaluate for differences over time in
disease severity, measured using the Clinical Dementia
Rating (CDR) scale. Comparison between longitudinal
imaging data was conducted using two-sample and
paired t-tests. Results were considered significant when
the p-value < 0.05 after familywise error rate correction
(FWER) for multiple comparisons.

RESULTS

There was a significant progressive cognitive decline in
both males and females (p < 0.001) without significant
interaction between CDR and gender. Baseline group
comparison showed significantly greater atrophy in the
posterior cingulate gyrus in females than males.
Longitudinal  analyzes revealed gender-specific
differences in gray matter volume loss during the 12
months before AD diagnosis (women: bilateral uncus;
men: right inferior frontal lobe; left inferior frontal lobe;
right uncus;) and during the 12 months after AD
diagnosis (women: left hippocampus; left superior and
middle temporal gyrus; right superior and inferior
temporal gyrus; right gyrus rectus; right superior
parietal lobule; men: bilateral hippocampus and right
parahippocampal gyrus; left insula; left superior frontal
gyrus; left inferior parietal lobule; left precuneus, left
caudate).

Coronal MRI images illustrating the areas of gray matter volume loss for
women (red) and men (blue)

CONCLUSION

Our data indicate that the extent and distribution of
regional gray matter volume loss in patients with AD is
strongly influenced by the gender, with men
experiencing a faster rate of gray matter volume loss
compared to women at the same disease stage. This
finding has potentially important implications for
therapeutic approaches in AD and should be taken into
consideration in clinical trials.
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KEY WORDS: Alzheimer disease, gray matter volume
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1H MR Spectroscopy Quantification and Partial
Volume Effect Correction in Alzheimer Disease

Mato Abad, V.12-Hernindez-Tamames, ]32-Alvarez-
Linera, J. M.42-Pereira Loureiro, J].l-Garcia-Alvarez,
R.5-Ramos, A.62-Frank, A.7

1Centro IMEDIR. Universidad de A Coruiia, A Coruila,
SPAIN, Z2Laboratorio Neuroimagen Fundacién CIEN-
Fundacién Reina Soffa, Madrid, SPAIN, 3Universidad Rey

Juan Carlos, Madrid, SPAIN, “Hospital Ruber
Internacional, Madrid, SPAIN, 5Research and
Collaborations, General Electric Healthcare, Buc,

FRANCE, ¢Hospital 12 de Octubre, Madrid, SPAIN,
7Hospital Universitario La Paz, Madrid, SPAIN

PURPOSE

The aim of this study is to assess the convenience of
applying methods of partial volume correction to
reduce intersubject variability in 'H magnetic resonance
spectroscopy (1H MRS) studies. In particular, in studies
of normal aging and neurodegenerative diseases, as
Alzheimer disease.

MATERIALS & METHODS

An automatic process has been developed with
MATLAB software for: (1) Perform brain tissue
segmentation from high-resolution 3D anatomical
volume with SPM8 software; (2) Localize 1H MRS voxel
over the high-resolution 3D anatomical volume; (3)
Calculate the partial volume of GM, WM and CBF within
the voxel; (4) Quantify spectra using own in-house and
LCModel software; (5) Finally, correct LCModel
absolute  quantifications by  partial = volume
measurements. This process has been validated over
135 subjects belonging to DEMCAM project. These
subjects (range 57-99 years) are classified into four
groups as follows: 38 healthy participants, 20 amnesic
mild cognitive impairment patients, 22 multidomain
mild cognitive impairment patients (mMCI) and 55
Alzheimer disease patients (AD). 'H MRS exam (single
voxel PRESS: TR/TE=1500/35 ms) was performed from
voxels placed in posterior cingulate and both
hippocampus for each subject. Also, MRI 3D brain
volume (SPGR TR/TE = 7/3 ms) was acquired for each
subject. All MR data were acquired on a clinical 3.0T GE
Signa HDx scanner.

RESULTS

Figure 1a shows mean values of mIl and NAA metabolite
concentrations along different groups. Figure 1b and
Figure 1c show the variance values of ml and NAA
respectively in each group for the absolute
concentration and corrected by partial volume effect
measures. It is very significant how increases the ml
and decreases the NAA with the progression of the
disease, varying the ratios behavior in each group, and
the high reduction of the variability in each group after
doing correction. Figure 1d shows how varying the
voxel distribution of cerebrospinal fluid (CSF), gray

matter (GM) and white matter (WM) with respect to the
total volume (TV) of the voxel for each group.
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CONCLUSION

We found that quantification of metabolites after
correction of the partial volume effect provides more
accurate quantitative measurements, reduces the
intersubject variability and improves the statistical
results when performing group comparisons in studies
of normal aging and neurodegenerative diseases. The
automatic process developed facilitates the use of these
techniques in statistical studies, improves the results of
the 1H MRS studies and reduces the sample size N,
which suggests a potential for important research cost
savings.

Key WoRDs: 1H MR spectroscopy, Alzheimer disease,
quantification
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Naming Impairment and Amnestic Mild Cognitive
Impairment: A  Cross-Sectional Voxel-Based
Morphometry Study

H.2-Patrick,

Spampinato,  M.!-Vavro, K.1-Parker,

R.1-Mintzer, ].1*Rumboldt, Z.1

IMedical University of South Carolina, Charleston, SC,
2University Hospital Dubrava, Zagreb, CROATIA

PURPOSE

Our goal was to evaluate gray matter volume loss
patterns in patients with amnestic mild cognitive
impairment (aMCI) with and without naming
impairment using voxel-based morphometry (VBM).
Materials & Methods

One hundred and one aMCI patients (73 males, median
age 75 years) from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) with stable cognitive
status over the course of at least 3 years were included
in the study. The 30-item Boston Naming Test (BNT), a
measure of word retrieval performance, was
administered to all subjects at the time of recruitment
in the study (median age 27 years, range 4-30 years).
The sample was divided in two groups: 39 patients with
BNT score below the median (low BNT), and 62 patients
with BNT score equal or above the median (high BNT).



68

Clinical Dementia Rating (CDR) scale and CDR Sum of
Boxes were obtained at baseline, and then after 12 and
24 months to assess disease severity. Pearson x2 test,
one-way Anova, and General Linear Model Repeated
Measures were used to compare demographic
characteristics and disease severity between groups.
Brain MRIs, obtained at the time of initial clinical
evaluation and word retrieval performance assessment,
were available for all subjects. Voxel-based
morphometry with SPM5 was used to process MPRAGE
images. Group comparison was conducted using a two-
sample t-test. The results were considered significant if
the p-value was less than 0.05 after familywise error
rate correction (FWER) for multiple comparisons.

RESULTS

There were no significant differences in gender
distribution, years of education or disease severity at
baseline, 12- and 24-month follow up between high
BNT and low BNT aMCI subjects. There was a
statistically significant difference in age between low
and high BNT patients (low BNT median age [SD] = 76.8
[6.9]; high BNT median age [SD] = 73.6 [7.6], p = 0.038);
therefore age was included as a covariate in the VBM
analysis. There was significantly lower GM volume in
the low BNT than high BNT group in the right and left
superior temporal gyri (respectively p < 0.001 and p =
0.001) and left insular cortex (p = 0.001). There was no
significant GM atrophy in the high BNT compared with
the low BNT group.

Areas of greater atrophy in amnestic mild cognitive impairment subjects with
than without word retrieval impairment (in red)

CONCLUSION

The spatial distribution and severity of GM atrophy
differ in aMCI subjects with and without word retrieval
impairment. MR imaging can improve our
understanding of the complex relationship between GM
volume loss, language impairment, and cognitive
decline in patients with aMCI.

Key WoRDs: MR imaging, naming impairment, mild
cognitive impairment
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Phospho-Tau not APOE &4 Modulates Amyloid-f8
Associated Volume Loss in Cognitively Normal Older
Individuals

Desikan, R. S.1:McEvoy, L.:-Thompson, W.l-Holland,
D.t-Aisen, P.1-Brewer, ].1-Sperling, R.2:Dale, A.1

1University of California San Diego, San Diego, CA,
2Harvard Medical School, Boston, MA

PURPOSE

The relationship between neurodegeneration, the e4
allele of apolipoprotein E (APOE €4), and the two
hallmark proteins of Alzheimer disease (AD), amyloid-f3
(AB) and tau, among cognitively normal older
individuals is not well understood.

MATERIALS & METHODS

We examined 107 clinically normal older participants
(total of 417 longitudinal MRI scans). Using linear
mixed effects models we investigated the interaction
between CSF Af1-42 and both CSF p-tauisip (phospho-
tau) and APOE €4 genotype on entorhinal cortex
atrophy rate. We also examined the relationship
between APOE &4 genotype, CSF AB142 and CSF p-
tauisip on atrophy rate of other AD-vulnerable
neuroanatomic regions.

RESULTS

We found a significant interaction between CSF p-
tauis1p and CSF Af1-42 on entorhinal cortex atrophy rate.
In the presence of CSF p-tausip, AP-associated
entorhinal cortex atrophy was increased; in the absence
of CSF p-tauisip, the effect of CSF Af1-42 on longitudinal
entorhinal volume loss was not significant. In
comparison, we found no interaction between APOE &4
genotype and CSF Af1-42 on entorhinal atrophy rate. We
found similar results in other AD-vulnerable regions.
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CONCLUSION

In cognitively normal older individuals, phospho-tau
modulates AB-associated degeneration. In contrast, the
effect of APOE €4 genotype on A-associated volume
loss is not significantly different from zero. Primary and
secondary Ab prevention trials in cognitively normal
older individuals should consider carefully this
relationship between AD biomarkers.

KEY WORDs: Alzheimer disease, Tau, amyloid
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Microstructural Change of the Brain in Chronic
Obstructive Pulmonary Disease: A Voxel-Based
Investigation by MR Imaging

Ryu, C.2:Jahng, G.1*Rhee, H.1-Choi, C.1*Kim, S.1-Kim, M.2

1Kyung Hee University Hospital, Seoul, KOREA,
REPUBLIC OF, 2Kyung Hee University, Seoul, KOREA,
REPUBLIC OF

PURPOSE

A cognitive deficit is a common problem in patients
with chronic obstructive pulmonary disease (COPD).
The aim of this study was to evaluate prospectively if
MRI can demonstrate the microstructural volume loss
and the diffusion anisotropic change in subjects with
COPD, compared with cognitively normal (CN) elderly
subjects.

MATERIALS & METHODS

Institutional review board approval and informed
consent were obtained. Six subjects with severe COPD
(6 men, mean age, 69.8 years), 13 with moderate COPD
(12 men, 1 women; mean age, 65.3 years), and 12 CN
subjects (12 men, mean age, 63.9 years) underwent
isotropic volumetric T1-weighted imaging and diffusion
tensor imaging (DTI) with 32 directions and b-values of
0 and 800 sec/mm2. Voxel-based statistical analyzes
among groups were performed on brain volumes,
fractional anisotropy (FA) and trace. Cognitive function
tests (CFT) were performed in all subjects, and the CFT
scores were compared among three groups.

RESULTS

There wasn’t any significant regional difference of gray
matter in both severe and moderate COPD groups
compared with the normal control group. Comparing
between severe COPD and CN or between severe and
moderate COPD, FA reduced extensively in both the
cerebral cortex, frontoparietal periventricular white
matter and the corticospinal tract. The trace value of the
moderate COPD group was significantly higher in
bilateral occipital cortices, left hippocampus and left
superior frontal cortex than that of the CN group. The
regions with increased trace in COPD groups were
matched with the region with decreased FA in COPD
compared with CN. The severe COPD group showed
significantly lower scores in the language-related
function, visuospatial function and frontal executive
function than those of the CN and moderate COPD
groups (Kruskal-Wallis test <0.05), and CFT scores did
not show any significant differences between CN and
moderate COPD.

CONCLUSION

This study demonstrated that COPD patients could
affect the axonal integrity in multiple brain regions. The
result of this study suggested the severity of COPD and
the cognitive function might be correlated with the
extent of microstructural change in brain. Voxel-based
evaluation by MRI may be useful for preclinical
detections of the cognitive dysfunction in patients with
COPD.

KEY WORDs: Chronic obstructive pulmonary disease,
diffusion tensor imaging, cognition disorders
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Serial 3-Year Proton MR Spectroscopic Imaging of
Gray and White Matter in Relapsing Remitting
Multiple Sclerosis

Kirov, I.-Tal, A.-GorynsKi, E.-Babb, ].-Herbert, ].-Gonen, O.

New York University Medical Center
New York, NY

PURPOSE

Since relapsing-remitting (RR) multiple sclerosis (MS)
is, in addition to multifocal, a diffuse disease, our goal
was to apply proton MR spectroscopic imaging (1H-
MRSI) to characterize the diffuse component with
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respect to gray and white matter (GM, WM) metabolism
and follow its progression over 3 years.

MATERIALS & METHODS

Eighteen recently diagnosed, mildly disabled (baseline
time from diagnosis: 32 months, mean Expanded
Disability Status Scale score: 1.4) RR MS patients were
scanned with MRI and 3D 1H-MRSI at 3 T semiannually
for 3 years. Ten healthy gender- and age-matched
controls were followed annually. Average absolute
amounts of N-acetylaspartate (NAA), choline (Cho),
creatine (Cr) and myo-inositol (mI) were obtained for
all the GM and WM in the 360 cm3 volume-of-interest
(VOI). The VOI's cerebro-spinal-fluid (CSF), GM and WM
fractions (CSFf, GMf, WMf) were obtained by
segmentation of T1-weighted images and lesion
volumes were calculated from T2-weighted MRI.

RESULTS

Metabolism: Only two patients were not on
medications. At baseline, the average concentrations of
WM Cr and Cho in patients, 5.1 # 0.5 and 1.5 + 0.1 mM
were higher than controls'’, 4.7 + 0.4 and 1.3 + 0.2 mM.
Lower WM NAA and higher WM ml were observed in
almost all subsequent timepoints. The magnitude of the
difference in any of these WM concentrations between
baseline and 3 years was less than 3%. Boxplots of the
distributions of metabolic concentrations of patients
and controls at each time point (7 for patients, 5 for
controls), is shown in Fig. 1. Results, volumetry: The
patients' CSFf was normal at baseline, but higher than
controls' thereafter. Finally, there was a significant
increase in the rate of change of patients' average lesion
volumes.
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CONCLUSION

This study examined the presence and evolution of
diffuse abnormalities in early RR MS. Metabolic changes
in patients compared to controls were found only in
WM (Fig. 1). In the context of increasing atrophy, these
diffuse neuronal and glial abnormalities may include
axonal dysfunction/loss, astrogliosis, inflammation and
de-/re-myelination. These are present in the normal-
appearing WM of patients between their 3rd and 6th
year after diagnosis, but do not significantly change in
magnitude over this time period. It is not known
whether this represents the natural course of MS or the
effect of immuno-modulatory medication.

Key WOoRrDs: Multiple
spectroscopy, serial study

sclerosis, proton MR

0-128 4:12 PM - 4:20 PM

MR Imaging in Clinically Isolated Syndromes and
Relapsing Multiple Sclerosis after Single-Dose and
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Cumulative Double-Dose Gadobutrol at 3.0 T:
Interim Analysis

Rovira, A.Auger, C.-Huerga, E.-Corral, J.
R.-Sastre-Garriga, ].-Montalban, X.

Hospital Vall d'Hebron
Barcelona, SPAIN

F.-Mitjana,

PURPOSE

Several strategies have been proposed to increase the
sensitivity of enhanced MRI for detecting disease
activity in multiple sclerosis (MS), such as the use of
contrast agents that achieve high T1 shortening, and a
minimum 10-minute delay between gadolinium
injection and scanning. There is now a large body of
evidence indicating that a combination of these two
strategies can lead to a significant increase in sensitivity
compared to the standard technique. The aim of this
study is to prospectively compare the gadolinium-
enhancing lesion detection rate with a single and a
cumulative dose of gadobutrol at 3.0 T with different
delays after contrast injection in patients with a
clinically isolated syndrome (CIS) and relapsing MS. The
hypothesis is that the combined advantages of
increasing delay and cumulative contrast dose will
significantly increase the detection rate of active
lesions.

MATERIALS & METHODS

Fifty-one patients with a CIS or relapsing MS [38
women (74%), mean age 34 years], who showed focal
white matter lesions of the type seen in MS on previous
brain MRI were included in this study. Sixteen patients
were under treatment with immunomodulatory drugs
(all but two with relapsing MS) at the time of the MRI
examination. Patients underwent 3.0 T brain MRI
consisting of transverse proton-density, T2-weighted
and unenhanced T1-weighted sequences, and four sets
of  contrast-enhanced T1-weighted sequences
performed 5 and 15 minutes after a single (0.1
mmol/kg) and a cumulative (0.1 + 0.1 mmol/kg) dose of
gadobutrol. Each of the four sets of contrast-enhanced
T1-weighted scans was evaluated for the presence and
number of gadolinium-enhancing lesions in a random
fashion and using objective image interpretation
criteria by one of four experienced neuroradiologists
blinded to the time point at which the enhanced
sequences were obtained and using the unenhanced
sequences as references. An independent reader not
blinded to the timing of sequence acquisition identified
the total number of enhancing lesions, and this number
was used as the standard of reference. The data
obtained were fitted to a negative binomial generalized
linear model, with the two doses (single and
cumulative) and the two time points at each dose as a
repetitive measure.

RESULTS

Thirty patients (59%) had at least one gadolinium-
enhancing lesion in the standard of reference. All active
patients were identified in the 15 minutes-delay
cumulative dose scan, whereas one was missed in the
short-delay cumulative scan and two were missed in
each of the single-dose scans. Relapsing MS patients had

a significantly higher number of active lesions
compared to CIS patients only at the two single-dose
time points. A significant increase in the mean number
of active lesions was observed with increasing delay
and dose: mean (median) number of lesions was 3.6 (1),
4.1 (1), 49 (2), and 5.4 (2) for each of the four time
points

CONCLUSION

A cumulative gadobutrol dose associated with a longer
delay time after contrast injection significantly
increases detection of gadolinium-enhancing lesions in
patients with CIS or relapsing MS. The cumulative dose
increased identification of active patients by 3% to 7%.

Key WOoRDS: Multiple sclerosis, gadolinium, contrast
media
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Differentiating Brain Lesions of Neuromyelitis
Optica and Multiple Sclerosis Using Ultra-High-Field
(7 T) MR Imaging

Ge, Y.-Kister, l.-Zhou, Y.-Herbert, ].-Jaggi, H.-Grossman, R.
L.

New York University Langone Medical Center
New York City, NY

PURPOSE

With increased clinical availability of MRI, brain lesions
were found to be relatively common in patients with
neuromyelitis optica (NMO); however, it is difficult to
differentiate brain lesions of this entity from
conventional multiple sclerosis (MS) based on the
standard MR imaging. This study was to determine
whether ultra-high-field (7 T) MR plays a role in
demarcating the boundary of NMO and MS.

MATERIALS & METHODS

Six patients with NMO IgG-seropositive (all females, age
of 45.6 £ 6.5 years) and six patients with relapsing
remitting (RR) MS patients (5 females, 1 male, age of
47.5 + 12.5 years) were recruited for this study. The
imaging data were acquired at a 7 T whole-body human
MR using a 24-element head array coil. NMO and MS
patients were scanned using identical imaging protocol
including a high-resolution 2D gradient echo sequence
optimized to best visualize venous structures
(TR/TE/flip angle = 500 ms/25 ms/35°, voxel size =
0.23x0.23x2 mm3), which is highly sensitive to venous
vasculature and used to visually examine the presence
of brain lesions and central venule within lesions. In
addition, a multi-echo susceptibility weighted imaging
(ME-SWI) was performed to generate T2* mapping and
MR venography with the following parameters: TR = 36
ms, TEs: six in-phase echoes from 6.15 to 31.62ms and
echo spacing of 5.1ms; flip angle (FA) = 20° and voxel
size = 0.5x0.5x1mm3.

RESULTS

In six NMO patients, we found a total of 24
supratentorial white matter lesions, all <15 mm?, of
which only three had a visible central venule (16%). By
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contrast, in six patients with MS, we found 156 small
lesions (<15 mmz2), of which 132 (85%) contained a
well-defined central venule (see Figure 1). In addition,
the mean T2* values of lentiform nucleus (putamen and
globus pallidus) was 15.2 + 2.1 ms in NMO patients
versus 12.1 + 2.7ms in MS patients (P<0.05), suggesting
less iron deposition in basal ganglia in NMO patients.

T

CONCLUSION
Ultra-high-field 7 T MR is useful in differentiating
patients with NMO and MS. The perivenular

abnormalities in MS has been well described in previous
studies, and we found brain lesions in NMO are
significantly less likely to contain a central venule
compared to brain lesions of MS. There is also less
degree of iron deposition in basal ganglia of NMO
compared to MS. The different imaging features in the
two disease entities may be reflective of their different
underlying pathogenesis and pathophyisology.
Acknowledgement:This study was supported by Eurika
grant from Guthy-Jackson Foundation.

KEeY WoORDs: Neuromyelitis, multiple sclerosis, 7 T MR
imaging
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Morphologic Approach to White Matter Disease:
SENRS Award Winner

Creasy, J. L.

Vanderbilt University
Nashville, TN

Previously undiagnosed neurologic disorders primarily
affecting white matter often are difficult to initially
evaluate in clinical practice. A morphologic approach to
white matter disease evaluation, using such features as
global versus focal involvement, periventricular versus
subcortical ~versus intervening white  matter
involvement and presence or absence of basal ganglia
involvement to separate cases into several distinct
groups will be described. Specific features of individual
disease entities within each group will be highlighted.
The purpose is to provide an approach for the initial
diagnosis of the most prevalent and/or interesting
white matter disease processes.

Monday Afternoon

3:00 PM - 4:30 PM
Sutton Center/South

(15d) Pediatrics:
Developmental /Congenital
Malformations

0-131 3:00 PM - 3:08 PM

Prospective Assessment of Dynamic MR Scans and
Phase-Contrast Cerebrospinal Fluid Flow MR Scans
as Predictors of Surgical Outcome in Patients
Undergoing Decompressive Surgery for Chiari I
Malformations

Bapuraj, J. R.1-Londy, F. ].1-Quint, D. ].1-Maher, C.1-Martin,
B. A.2:-Muraszko, K.1-Maly Sundgren, P.1-Chenevert, T.3

1University Hospital, University of Michigan, Ann Arbor,
MI, 2Swiss Federal Institute of Technology, Lausanne,
SWITZERLAND, 3University of Michigan, Ann Arbor, MI

PURPOSE

To evaluate the impact of neck position (flexion vs
extension) on craniovertebral (CV]) and Sylvian
aqueduct cerebrospinal fluid (CSF) flow rates in normal
volunteers and Chiari I patients preoperatively and
postoperatively.

MATERIALS & METHODS

Twenty-two normal volunteers were scanned ona 3 T
scanner. Phase-contrast scans were performed
perpendicular to the CV] and the cerebral (Sylvian)
aqueduct. Scan parameters were: TR/TE = min
(typically 12.3ms/8.2 ms), 2 averages, 102 flip angle,
250 x 180 mm FOV, 252 x 179 matrix, 4 mm sections,
and SENSE factor = 2, with flow compensation. Fifteen
temporal phases during each cardiac cycle were
acquired using a peripheral-pulse oxygenation signal
for retrospective triggering. Sagittal and axial scans
were performed with the neck in the flexed, extended
and neutral positions for a total of six phase-contrast
scans per patient. Velocity encoding was optimized for
each subject (2 to 6 cm/sec). The data were analyzed
with postprocessing software and the CSF flow
velocities were calculated at the CV] and within the
cerebral aqueduct for all three neck position scans. Ten
Chiari I patients also were scanned both preoperatively
and 12 months postsurgery utilizing eithera 1.5 or 3 T
scanner. The same field strength scanner was used for
all scans for each patient. Differing scan parameters
(from above) when utilizing a 1.5 T scanner were:
TR/TE = min (typically 19.0ms/7.9 ms), 1 average, 152
flip angle, 208 x 145 mm FOV, and 252 x 179 matrix.
Anterior and posterior compartments of the CV] CSF
space were evaluated separately. All but one
postoperative patient reported significant improvement
of Chiari symptoms.
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RESULTS

With respect to CSF flow within the cerebral aqueduct,
there was no statistical difference between the three
neck positions in the normal volunteer group.
Preoperative studies in the Chiari I group demonstrated
a statistically significant difference (P = 0.03 paired
student t-test) in the maximum cephalic velocity of CSF
flow between the neck neutral (4.3 cm/s) and flexed
(3.7 cm/s) positions. This difference was not present in
the postoperative Chiari group between the neck
neutral (2.9 cm/s) and flexed (2.9 cm/s) P = 0.97
positions. At the CV], the anterior compartment
(anterior to the dentate ligament) maximum cephalic
CSF velocity measurements did not demonstrate a
significant statistical difference between the three neck
positions for the normal volunteer group. However, the
Chiari I patients showed a significant difference (P =
0.04) between the neutral (3.0 cm/ s) and flexed (4.0
cm/s) positions postoperatively though preoperatively
there was no difference (4.1 vs 4.1 cm/s).

CONCLUSION

Neck position affects CSF flow in symptomatic Chiari I
patients. Flexion of the neck may cause -cranial
displacement of the tonsils, relieving the “ball-valve”
effect of the low cerebellar tonsils which is present or
accentuated with neutral/extended neck positioning.
Cerebrospinal fluid flow in the cerebral aqueduct may
be a sensitive indicator for predicting improvement in
CSF flow postoperatively and may help to predict which
patient may benefit from surgery.

KEey WoRDS: Chiari I malformation, phase-contrast MR
imaging, cerebrospinal fluid
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Altered Sulcation in Fetuses with Chiari 1II

Malformations

Glenn, O. A.1-Menon, P.1Lee, H.1*Gupta, N.1-Farmer,
D.2:Xu, D.1

1University of California San Francisco, San Francisco,
CA, 2University of California Davis, San Francisco, CA

PURPOSE
To describe the appearance of primary sulcal formation
in fetuses with Chiari Il malformations.

MATERIALS & METHODS

We reviewed brain MRI of fetuses aged 23-26
gestational weeks with Chiari II malformations during a
7-year period. We evaluated the sulcation pattern,
subarachnoid space effacement (mild if CSF was seen
anterior to the cerebellum and above the level of the
lateral ventricles; moderate if there was no CSF anterior
to the cerebellum and CSF was seen above the level of
the lateral ventricles; severe if there was no CSF
infratentorially and superior to the lateral ventricles),
and lateral ventricular size. Postnatal MRIs were
reviewed when available. This study was approved by
our IRB.

RESULTS

Forty-five fetal MRIs were reviewed. Mean GA at time of
MRI was 24.3 weeks. Five fetuses had mild CSF
effacement, 17 had moderate CSF effacement, 25 had
severe CSF effacement. Eighteen fetuses had mild
ventriculomegaly (<15 mm) and 20 had severe
ventriculomegaly (>15mm). Sylvian fissure was present
in all cases and had an angled appearance. The
parietooccipital sulcus was visible in 19 fetuses, and
was angled horizontally. Calcarine sulcus was visible in
two fetuses. Central sulcus was visible in eight cases.
Eleven fetuses had anomalous sulcation pattern
characterized by a visible superior temporal sulcus
without visible central sulcus (mean GA 24.6 weeks;
range 23.3 to 25.3 weeks). Seven fetuses had a visible
superior frontal sulcus without visible central sulcus
(mean GA 24.6 weeks; range 23.9 to 25.3 weeks). There
was no correlation of anomalous sulcation pattern with
ventriculomegaly or CSF effacement. In eight of the 13
fetuses with anomalous sulcation patterns, postnatal
MRIs were performed and showed no evidence of
polymicrogyria.

CONCLUSION

In 29% of fetuses with Chiari II malformation, we
observed an unusual pattern of sulcation characterized
by early formation of normally late appearing sulci, and
absence of normally early appearing sulci. In addition,
the Sylvian fissure was abnormally angled. This altered
formation of cerebral sulci has not been described
previously in fetuses with Chari II malformations and
does not seem to represent polymicrogyria. Altered
sulcation has been observed in neonatal sheep with
untreated myelomeningoceles, but not in those with
prenatal repair of myelomeningoceles suggesting that
altered CSF dynamics may influence sulcal formation. In
addition, children with Chiari II malformations are
reported to have increased cortical complexity in
temporal, parietal, and frontal regions. The
identification of altered sulcation in some fetuses with
Chiari II malformations hopefully will provide
additional insight into the complexities underlying
sulcal formation and conditions of abnormal sulcation.
Importantly, these fetuses with unusual sulcation
patterns detected by fetal MRI should not be mistakenly
diagnosed with polymicrogyria.

KEeY WoRbDs: Chiari II, fetal MR imaging, sulcation

0-133 3:16 PM - 3:24 PM

Brain Apparent Diffusion Coefficient in Fetuses with
Chiari Malformation Type II

Righini, A.-Doneda, C.1-Parazzini, C.1-Re, T. ].2-Plebani,
M.2-Milani, S.2:Triulzi, F.1

1ICP, Milan, ITALY, 2University of Milan, Milan, ITALY

PURPOSE

To determine apparent diffusion coefficient (ADC)
values in select brain regions of fetuses affected by
Chiari malformation type Il (CM II) and to compare
them with those of normal fetuses.
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MATERIALS & METHODS

Apparent diffusion coefficient values were measured in
utero, by using an echo-planar three axes diffusion
sequence (b-factor = 0 - 600 s/mm?), in frontal and
occipital developing white matter (FWM and OWM),
basal ganglia (BG) and cerebrospinal fluid (CSF) of 10
fetuses affected by CM II. Gestational age (GA) ranged
from 19 to 35 weeks (mean 23.3). Results were
compared with those determined in a population of 10
GA matched normal fetuses. The brain parenchyma
compression index (CI), defined as the total area within
the skull divided by the ventricular area (both areas
measured on a single axial slice just above the thalami),
also was calculated.

RESULTS

In CM II fetuses, mean ADC value in FWM was 2.01 [sd]
0.28 um?2/ms, in OWM was 1.96 [sd] 0.33 um?2/ms, in BG
was 1.36 [sd] 0.13 pm2/ms, and in CSF was 3.03 [sd]
0.25 pm?2/ms. In controls, the mean ADC value in FWM
was 1.75 [sd] 0.11 um2/ms, in OWM was 1.71 [sd] 0.15
um?2/ms, in BG was 1.31 [sd] 0.17 pm?/ms, and in CSF
was 3.01 [sd] 0.23 pm?Z/ms. A significant difference
between mean ADC values of the two groups was found
respectively in FWM (p = 0.02) and OWM (p = 0.04)
(Figure 1). ADC values in FWM and OWM tended to
correlate with CI without reaching a statistical
significance.

35

ADC (um?/msec)
»
5

FWMCM I
FWM Controls
OWMCM I
OWM Controls
BG Controls
CSFCMI
CSF Controls

Figure 1. Graph showing ADC values in CM II and
control groups.

CONCLUSION

In CM II affected fetuses higher ADC values in the
developing white matter could possibly be explained by
interstitial water increase due to venous congestion,
ventricular dilatation and cranial stenosis. Our data
raise the question as to whether the ADC anomalies
discovered in CM II affected fetuses may influence
normal tissue development and merit further
investigation.

KEY WORDS: Chiari malformation, ADC, fetal MR
imaging
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Diffusion-Weighted Imaging of the Cerebellum in
the Fetus with Chiari 2 Malformation

Philpott, C.1-Shannon, P.2-Chitayat, D.2-Ryan, G.2-Blaser,
S.1

1Hospital for Sick Children, Toronto, ON, CANADA, 2Mt.
Sinai Hospital, Toronto, ON, CANADA

PURPOSE

Diffusion-weighted imaging, specifically apparent
diffusion coefficient mapping (ADC maps) of the brain,
is used to assess the integrity of neural tissue on a
molecular level. In the developing brain, these values
additionally  reflect cellular maturation, tissue
organization and reduction of water content. Apparent
diffusin coefficient values in the pons and cerebellum
have been shown to decrease from 23 gestational weeks
(GW), thought to reflect brain maturation. Magnetic
resonance imaging (MRI) of the fetus is employed in
cases of suspected Chiari 2 malformations where
further evaluation of the posterior fossa is required. Our
aim was to evaluate whether there were any
abnormalities of diffusion in the cerebellum associated
with the abnormal cerebellar configuration in fetuses
with Chiari 2 malformation.

MATERIALS & METHODS

Fetuses with diagnoses of Chiari 2 malformations were
identified using a text word search program (ISYSTM).
All diffusion imaging had been performed on a 1.5 T
Siemens AvantoTM system, with measurements from
the calculated ADC map acquired from regions of
interest placed in each cerebellar hemisphere and the
pons. Values in groups of patients with Chiari 2
malformations were compared with those from fetuses
with structurally normal brains, using statistical
analysis accounting for the dependent variable of GW.

RESULTS

There were seven fetuses with Chiari 2 malformation
and 15 normal fetuses, ranging from 20 to 29 GW. The
ADC values of the cerebellum with fetuses with Chiari 2
malformation were on average, 35% higher (1.82 (#
0.1) mm2/s), than ADC values in the normal fetuses
(1.37 + 0.07), statistically significant (p<0.05). There
was no significant difference in the ADC values of the
pons.

CONCLUSION

There is a paucity of data published regarding
diffusivity of the cerebellum in Chiari 2 malformations,
particularly in the fetus. Decreased fractional
anisotropy, (FA) in the middle cerebellar peduncle has
been reported in one series of young adults with Chiari
2 malformation, with cause attributed to reduced fiber
density, given presence of corpus callosal dysgenesis
and decreased fractional anisotropy in this population.
We propose that whilst abnormal white matter
organization or early cerebellar degeneration could
potentially contribute, the most plausible explanation
pertains to abnormalities of CSF drainage in the
posterior fossa, with increased extracellular water
possibly accounting for this phenomenon.

KEY WORDS: Fetus, Chiari 2, diffusion
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Atypical Hemispheric Asymmetry in Callosal
Agenesis

Al-Mukhtar, A.

Medical University of Vienna
Vienna, AUSTRIA

PURPOSE

To proof or rule out the hypothesis, that different types
of comissural agenesis are associated with atypical
developmental patterns of hemispheric asymmetry in
the fetal brain.

MATERIALS & METHODS

In a retrospective analysis of 37 prenatal MR studies
(1.5, orthogonal T2-weighted sequences in 3 section
planes) in 37 fetuses (mean GW:27), with callosal a-
(32/37) and hypogenesis (5/37), three raters blinded
to the laterality of the systematically presented coronal
T2-weighted fetal brain images, identified the right
hemispheric (higher and deeper Sylvian fissue, earlier
appearance of the superior temporal gyrus - STG, more
flattened neocortical surface) or left hemispheric
(shallower Sylvian fissure, more rounded lateral
neocortex, later STG) surface pattern. The frequency of
the different patterns [inverted or "atypically”
asymmetric (Figure B), symmetric, "normal“ leftward
asymmetry (Figure A)] were compared to the data of a
normal cohort.

RESULTS

The raters provided consistent results in 26/37 (70%)
cases. The atypical asymmetry pattern was present in
19% (7/37) of cases with isolated callosal agenesis,
whereas 3%(1/37) of cases with associated
malformation showed this pattern (vs 3.5% in normal
fetuses). The symmetric pattern was found in 8/37
(21%) and the typical pattern in 21/37 (57% vs 94.2%
in normal fetuses).

CONCLUSION

Compared to normal fetuses, cases with callosal a- and
hypogenesis are associated with an up to six times
higher frequency of an atypical structural hemispheric
lateralization pattern, as detected by fetal MRI. This
emphasizes the widespread impact of laterality genes,
which are frequently expressed abnormally in acallosal
brains and potentially providing a new valuable
functional prognostic marker in this condition.

KEY WORDS: Agenesis
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0-136 3:40 PM - 3:48 PM

Evaluation of the Normal Fetal Cerebellar Vermis on
Fetal MR Imaging

Jasinski, T. H.*Tanner, C. E.2-Wolfbreg, A.2-Madan, N.2

1Tufts University School of Medicine, Boston, MA, 2Tufts
Medical Center, Boston, MA

PURPOSE

Dandy-Walker malformation continuum (DWM) is a
rare congenital malformation characterized by
cerebellar vermian hypoplasia, cystic dilatation of the
fourth ventricle, and enlargement of the posterior fossa.
The spectrum of malformation, however, is variable.
While the classic malformations are clearly identifiable
on routine prenatal imaging, subtle variants with mild
inferior vermian hypoplasia and widening of the
foramen of Magendie (FM) are oftentimes difficult to
distinguish from normal. Additionally, there is no
normative data that exists for the size of the foramen of
Magendie. Inability to make a definitive diagnosis
increases patient’s anxiety and hinders the patient’s
ability to make informed therapeutic decisions
regarding the pregnancy. The purpose of this study was
to establish retrospectively a range of normative values
for the foramen of Magendie and the fetal cerebellar
vermis.

MATERIALS & METHODS

All fetal MRI studies from 2004-2011 were reviewed
retrospectively and all studies in pregnancies without
neurologic abnormalities (determined by clinical and
imaging follow up) were included in this study. In total,
88 patients were identified as part of this normal
cohorot. The cerebellar vermian area and the sagittal
diameter of the foramen of Magendie were measured in
all patients. Pearson product-moment correlation
coefficients were determined with regard to each
measurement and the fetal gestational age. The upper
limits of normal for the FM then was determined, and
applied retrospectively to the 110 patients not included
in the normal cohort, including those subsequently
diagnosed with DWM.

RESULTS

The cerebellar vermian area demonstrated linear
growth during the pregnancy (r = 0.917, p<0.001) in the
normal cohort. However, the foramen of Magendie was
found to be consistently less than 2.5 mm in all patients,
with no significant interval change with regards to
gestational age (r = 0.115, p = 0.438). This cutoff of 2.5
mm then was applied to those patients not included in
the normal cohort. Twelve patients out of 110 were
identified with an enlarged FM, 10 of whom were
diagnosed with DWM by the radiologist. Two additional
patients were identified, who on follow-up imaging and
clinical examiation, had evidence of a DWM variant.

CONCLUSION

Normative data support the use of 2.5 mm as the upper
limits of normal for the size of the foramen of Magendie.
This serves as a guide to the radiologist to help in
borderline cases where DWM variants may be more

subtle, allowing improved confidence in diagnosis, and
better patient counseling.

Key WoRbDs: Dandy Walker malformation, fetal MR
imaging, Foramen of Magendie
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Periventricular Nodular Heterotopia: An
Assessment of Additional Anomalies Associated
with Location

Gonzalez, G.-Vedolin, L.-Barkovich, A.

University of California San Francisco
San Francisco, CA

PURPOSE

To determine whether number, side or location of
periventricular nodular heterotopia (PNH) are related
to more complex malformations in the brain.

MATERIALS & METHODS

Patients or guardians gave their consent to be included
in this group. Main and secondary diagnoses from 898
patients with brain malformations, from a personal
collection of MRI cases gathered by one of the authors
in the last 12 years, were reviewed to find those with
PNH. The number (less than 5, 5 to 10 or more than 10),
side (unilateral or bilateral) and location (anterior, if
periventricular nodules were around frontal horns or
bodies, or posterior, if they were around trigones,
temporal or occipital horns) of the PNH were recorded,
along with any anomalies of the cerebral cortex, white
matter, major commissures, basal ganglia, posterior
fossa elements, pituitary gland and olfactory structures.
These observations were made independently by the
three authors and a consensus was obtained in cases of
disagreement.

RESULTS

One hundred cases were found to have PNH; 38% had
less than five nodules, 20% between five and 10, and
42% more than 10. Bilateral PNH were found in 68%.
Only 21% of patients had pure anterior PNH while 32%
pure posterior PNH. Major differences were found in
associated anomalies when PNH were divided by
location (Table 1). Pituitary gland and basal ganglia
anomalies were more common in anterior PNH.
Malformations of cortical developmental, reduced white
matter volume, delayed myelination, agenesis/
hypogenesis of the corpus callosum, absence of
hippocampal commissure, dysmorphic hippocampi,
hypoplastic cerebellum and vermis, and abnormal
brainstem were more frequent in posterior PNH.
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Table 1 Heterotopia
Anterior 2nl°:A) Posterior 3112;)
n % n %
Cortical anomalies 5 23.8 20 56.3
Abnormal hippocampi 4 19 8 25
Abnormal basal ganglia 3 14.3 1 3.1

White matter volume 10 47.6 26 81.3

reduction
Delayed myelination 1 20 4 80
Corpus callosum agenesis 1 4.8 5 15.6

Corpus callosum

. 3 14.3 8 25

hypogenesis

Absen.ce of hippocampal 2 95 6 18.8
commissure

Vermis hypoplasia 5 23.8 18 56.3
Cerebellar hypoplasia 2 9.5 9 28.1
Abnormal brainstem 4 19 15 46.9
Abnormal pituitary gland 3 14.3 2 6.3

CONCLUSION

Different malformation complexes are associated with
PNH depending on their location. Posterior PNH are
associated with more severe and more frequent
malformations of the cerebral cortex, white matter, and
posterior fossa elements.

KEYy WORDs: Heterotopia, malformations of cortical
developmental, MR imaging

0-138 3:56 PM - 3:04 PM

Temporal Lobe Features in Children with
Hypochondroplasia/FGFR3 Gene Mutation

Philpott, C.-Widjaja, E.-Raybaud, C.-Branson, H.-Kannu,
P.-Blaser, S.

Hospital for Sick Children
Toronto, ON, CANADA

PURPOSE

Thanatophoric dysplasia and hypochondroplasia are
both caused by fibroblast growth factor receptor 3
(FGFR3) gene mutations. Temporal lobe dysplasia has
been well described on pathology and MRI in the fetus
and infant with thanatophoric dysplasia, a lethal form of
chondrodysplasia. These findings include hippocampal/
parahippocampal dysplasia, polymicrogyria, sub-
arachnoid neuroglial heterotopia of the temporal cortex
and aberrant sulcation of the temporal lobe. Anecdotal
cases of temporal lobe dysplasia in hypochondroplasia
also have been described in the literature. We reviewed
our cases of hypochondroplasia to ascertain the
frequency of the findings.

MATERIALS & METHODS

Brain imaging studies of eight children with
hypochondroplasia were identified via a radiology text
word search program (ISYSTM). The temporal lobes

were assessed on CT and MRI for size and configuration
of the temporal horn and aberrant sulcation of the
inferior surface of the temporal lobe.

RESULTS
Axial imaging (CT and MRI) demonstrated a triangular-
shaped temporal horn in all. Inferior temporal lobe
sulcation in the normal temporal lobe parallels the long
axis of the temporal lobe. Axial CT and MRI in our
cohort of hypochondroplasia patients revealed a deep
transverse fissure of the inferior temporal lobe surface,
in addition to medially arrayed inferior temporal lobe
sulcation, with the medial aspect of the gyri "pointing”
towards the circum-mesencephalic cistern. Coronal
imaging revealed redundant folding of the inferior
surface of the temporal lobe, while sagittal views sliced
through the deep transverse fissure. Extent to the calcar
avis was less common. Only a few of our patients
suffered from seizures, apnea or symptoms directly
referable to temporal lobe dysplasia.

CONCLUSION

We confirmed frequent inferomedial temporal lobe
abnormalities, specifically hippocampal dysplasia and
aberrant temporal lobe sulcation in our cohort of
patients with hypochondroplasia. This may be
associated with seizures or apnea or may be
asymptomatic. Murine models with mutant FGF3
display increased neuroprogenitor proliferation,
cortical thickness and surface area in the
occipitotemporal cortex. This is thought to result in
excessive convolution and likely explains the imaging
findings in this patient cohort.

Key WOoRDs: Medial temporal lobe, FGF3,
hypochondroplasia
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Macrocephaly-Capillary Malformation Syndrome:
Radiologic and Clinical Review

Sanchez-Montanez, A.l*Parra, P.2-Boronat, S.3-Delgado,
I.3-Cano, P.3-Vazquez, E.3

1IDI Hospital Universitari Vall d'Hebron, Barcelona,
SPAIN, 2Complejo Hospitalario de Caceres, Barcelona,
SPAIN, 3ICS Hospital Universitari Vall d'Hebron,
Barcelona, SPAIN

PURPOSE

Macrocephaly-capillary malformation (M-CM) is a
syndrome of unknown etiology whose main clinical
symptoms are  macrocephaly and  capillary
malformations, which frequently occur in the philtrum,
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upper lip and nose, also found in limbs and trunk. Other
features include neonatal hypotonia, developmental
delay, hydrocephalus, overgrowth, polydactyly, body
asymmetry and connective tissue disorders. The most
valuable neuroimaging findings include white matter
lesions, cerebral asymmetry, ventriculomegaly,
cerebellar tonsillar herniation, cortical dysplasia and
polymicrogyria. The pathogenesis of hydrocephalus and
tonsillar herniation is attributed to a combination of
several factors, being the initial event a cerebellar rapid
growth difficult and distorting the dynamics of
cerebrospinal fluid. To this date approximately 130
cases have been reported. The aim of this paper is to
review the radiologic findings of five patients with M-
CM recently studied in our institution, conducting a
review of the literature.

MATERIALS & METHODS

We reviewed the medical records of five patients with
M-CM from 2005 to the current date in our institution.
We describe their clinical and radiologic findings,
particularly MRI, compared with those described in the
literature.

RESULTS

The most common radiologic findings in the five
patients diagnosed with M-CM were tonsillar descent
(5/5), ventriculomegaly (5/5), white matter lesions
(4/5), dilated Virchow-Robin spaces (3/5), and
abnormalities of venous sinuses and/or intracranial
veins (3/5), findings consistent with those previously
described. The most frequent clinical manifestations in
our series were macrocephaly (5/5), developmental
delay (4/5), overgrowth (5/5) and cutaneous
manifestations such as midline facial nevus flammeus

(5/5).

CONCLUSION

The recognition of typical imaging findings of this entity
is very important, especially in order to achieve an early
management of ventriculomegaly.

KEY WORDSs: Macrocephaly, hydrocephalus, capillary
malformation

0-140 3:12PM - 3:20 PM

Bilateral Cavitation of Ganglionic Eminence: A Fetal
MR Imaging Sign of Halted Brain Development

Righini, A.1-Parazzini, C.1*Doneda, C.1-Re, T. ].2:Triulzi, F.1
1ICP, Milan, ITALY, 2University of Milan, Milan, ITALY

PURPOSE

The ganglionic eminence (GE) is pivotal for basal
ganglia and cortical (i.e., interneurons) development, as
extensively demonstrated in rat models. Data on human
GE anomalies are very scarce. We report five
lissencephalic fetuses, all showing similar bilateral GE
region cavitations.

MATERIALS & METHODS
From 10 years prenatal MR imaging database, five cases
(22, 29, 23, 22, 25 weeks gestation respectively, four

females, one male) with reported “cavitations or cysts
in GE basal ganglia region” were collected. Two cases
had familial recurrence.

RESULTS
At prenatal MR imaging, all cases displayed moderate
microencephaly, corpus callosum agenesis (with

rudimental hippocampal commissure in four), defective
opercularization, and bilateral symmetric cavitations in
GE region (Figure 1). One case had bilateral frontal band
heterotopias. Pathology (two cases), MR-autopsy (one
case), and neonatal MR imaging (one case) confirmed
lissencephaly and showed GE anomaly to be of
malformative rather than necrotic-clastic origin. One
pregnancy was terminated without available pathology.
Genotyping, aimed at determining the specific types of
lyssencephalies involved, is under investigation for
cases with available material.

Figure 1. Four coronal and one axial T2-weighted
sections showing each of the five reported cases with
GE cavitations (black arrows).

CONCLUSION

The reported cases suggest how, in humans, defective
GE region may play a key role in the development of
complex brain malformations such as some
lissencephalies.

KEeYy WoRDS: Fetal MR imaging, ganglionic eminence,
brain development
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Delineation and Diagnostic Criteria of Oral-Facial-
Digital Syndrome Type VI

Poretti, A.1-Vitiello, G.2:Hennekam, R. C. M.3-Huisman, T.
A. G.1'Valente, E.2-Boltshauser, E.4

1The Johns Hopkins Medical School, Baltimore, MD,
2]JRCCS Casa Sollievo della Sofferenza Institute, San
Giovanni Rotondo, ITALY, 3Academic Medical Centre,
Amsterdam, NETHERLANDS, 4University Children’s
Hospital, Zurich, SWITZERLAND

PURPOSE

Oral-facial-digital syndrome type VI (OFD VI)
represents a rare subtype of Joubert syndrome and
related disorders (JSRD). Originally, polydactyly, enoral
findings, intellectual disability, and vermian agenesis at
post-mortem examination characterized the syndrome.
Subsequently, MRI showed the molar tooth sign (MTS)
in patients with OFD VI, prompting the inclusion of OFD
VI in JSRD. We aimed to: 1) evaluate the spectrum of
neuroimaging findings, 2) characterize the neurologic
and dysmorphic features, the involvement of other
organs, and the neurodevelopmental outcome, and 3)
suggest diagnostic criteria for OFD VI.
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MATERIALS & METHODS

The inclusion criteria were 1) MTS and one enoral
finding [tongue hamartoma(s), or multiple frenula, or
cleft lip/palate] and polydactyly (pre-, meso-, or
postaxial) or 2) MTS and more than one typical enoral
finding. All images were evaluated retrospectively for
qualitative  assessment of infra-/supratentorial
structural abnormalities. Information about neurologic
and dysmorphic features, involvement of other organs,
and neurodevelopmental/neurocognitive outcomes
were collected by review of the clinical history and
follow-up examination.

RESULTS

Sixteen patients could be included in the study (11
males). At the last follow up at the median age of 10.5
years (2.5 months - 28.4 years), 14 patients were alive.
The neuroimaging pattern included severe vermian
hypoplasia (67%), hypoplastic (40%) and dysplastic
(53%) cerebellar hemispheres, marked enlargement of
the posterior fossa (67%), increased retrocerebellar
collection of cerebrospinal fluid (47%), abnormal
brainstem (73%), and supratentorial abnormalities
such as ventriculomegaly (40%), callosal dysgenesis
(27%), hypothalamic hamartomas (27%), and
polymicrogyria (20%). We identified two new JSRD
neuroimaging findings: ascending superior cerebellar
peduncles (53%) and fused thalami (27%). The
neurologic features included generalized muscular
hypotonia (75%), truncal ataxia (present in all eight
patients that could be evaluated), limb ataxia (present
in four of five patients that could be evaluated), ocular
motor apraxia (63%), strabismus (56%), nystagmus
(19%), epileptic seizures (19%), and severe scoliosis
(19%). All patients had motor developmental
abnormalities. Developmental/cognitive outcome was
abnormal in 93% of the patients (profound in 60%).
The dysmorphic features included tongue hamartomas
(81%), cleft lip/palate (31%), additional frenula (25%),
upper lip notch (19%), postaxial (69%), preaxial (44%),
and mesoaxial polydactyly (13%). Involvement of other
organs was present in 11 patients and included
particularly colobomas (31%).

CONCLUSION
The OFD VI neuroimaging pattern was found to be more
severe than in other JSRD subgroups. Tongue

hamartomas, additional frenula, upper lip notch, and
mesoaxial polydactyly are specific findings in OFD VI,
while cleft lip/palate and other types of polydactyly are
not specific. Involvement of other organs may include
particularly colobomas. The majority of the patients
have absent motor development and profound cognitive
impairment. Compared with other JSRD subgroups, the
neurologic findings and impairment of motor
development and cognitive functions in OFD VI are
significantly worse, suggesting a correlation with the
more severe neuroimaging findings. Based on the
literature and this study we suggest the following
diagnostic criteria for OFD VI: MTS and 1) tongue
hamartoma(s) and/or additional frenula and/or upper
lip notch; and/or 2) mesoaxial polydactyly of one or
more hands or feet; and/or 3) hypothalamic
hamartoma.

Key WORDs: Oral-Facial-Digital syndrome type VI,
Joubert Syndrome and related disorders, cerebellar
malformation
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Naming Impairment and Gray Matter Loss in Early
Alzheimer Disease

Vavro, H.1-Parker, R.2-Patrick, K.2:Rumboldt, Z.2-Mintzer,
J.2-Spampinato, M.2

1University Hospital Dubrava, Zagreb, CROATIA,
2Medical University of South Carolina, Charleston, SC

PURPOSE

Our goal was to evaluate gray matter (GM) volume loss
patterns in patients with newly diagnosed Alzheimer
disease (AD) with and without naming impairment
using voxel-based morphometry (VBM).

Materials & Methods

We included in the study 76 subjects (32 women, 44
men; mean age 76 #7 years) participating in the
Alzheimer’s Disease Neuroimaging Initiative (ADNI)
with progression from amnestic mild cognitive
impairment (aMCI) to AD during the course of the
study. The 30-item Boston Naming Test (BNT), a
measure of word retrieval performance, was
administered to all subjects (median 25, range 7-30
years). Patients were divided in two groups, 41 subjects
with BNT score equal or above the median (high BNT)
and 35 subjects with BNT score below the median (low
BNT). The Clinical Dementia Rating scale was used to
assess disease severity. Pearson x2 test, one-way Anova,
and General Linear Model Repeated Measures was used
to compare demographic characteristics and disease
severity between groups. Brain MRIs obtained at the
time of the diagnosis of AD and 12 months later were
available for each patient. VBM with SPM5 was used to
process MPRAGE images. Comparison between
longitudinal imaging data was conducted using paired t-
tests and results were considered significant when the
p-value was less than 0.05 with familywise error rate
correction (FWER) for multiple comparisons.

RESULTS

There were no significant differences in demographic
characteristics and disease severity between the two
groups. Longitudinal analyzes of the imaging data
revealed differences in the distribution and severity of
GM volume loss between groups, with more widespread
atrophy in the low BNT group. In low BNT subjects
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there was greater involvement of the left cerebral
hemisphere, including the temporal lobe, frontal lobe,
insula, and parietal lobe; on the right in the frontal lobe
and parietal lobe. In the high BNT group GM volume
loss was bilateral with overall greater involvement of
the right cerebral hemisphere, including bilateral
temporal and frontal lobes, left caudate nucleus and
right insula. In both groups bilateral hippocampal
volume loss was observed.

Areas of gray matter volume loss in subjects with naming impairment (blue)
and in subjects without naming impairment (red)

CONCLUSION

The extent and distribution of GM volume loss in
patients with early AD at the same disease stage
significantly differs in the presence and absence of word
retrieval impairment. These findings have potential
implications for therapeutic approaches and prognostic
considerations in AD.

KEY WORDS: Alzheimer disease, MR imaging, naming
impairment
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Conventional Imaging Findings and Complications
of Hereditary Hemorrhagic Telangiectasia in a
Large Serial Cohort

McKenzie, G. A.-Hunt, C. H.-Thielen, K. R.-Kallmes, D.
F.-Cloft, H.-Wood, C. P.

Mayo Clinic
Rochester, MN

PURPOSE

Hereditary hemorrhagic telangiectasia (HHT) is an
autosomal dominant disorder with widespread
multiorgan angiodysplastic lesions. Central nervous
system (CNS) complications can be from vascular
abnormalities arising within the CNS or secondary to
vascular abnormalities outside of the CNS. A large
review was performed of a cohort of patients with HHT
to better describe not only incidence and type of
intrinsic CNS vascular abnormalities, but also the
frequency and nature of the CNS complications. This
included whether the complication was a result of an
intrinsic CNS or extrinsic vascular abnormality.

MATERIALS & METHODS

From our institutional database of patients with the
confirmed diagnosis of HHT, a retrospective review of
all patients from 7/2003 to 3/2011 was performed. All

prior cross-sectional imaging studies (CT, MRI) were
reviewed for common vascular abnormalities
associated with HHT, including pulmonary and cerebral
arteriovenous malformations (AVM), as well as for
presence of right-to-left shunt on echocardiography and
nuclear medicine perfusion studies. In addition,
presumed complications of HHT also were documented
from an imaging perspective, including stroke, cerebral
abscess, and intracranial hemorrhage.

RESULTS

A total of 366 patients were identified with a diagnosis
of HTT (229 male, 137 female) with an average age of
45.6 years at the date of their initial evaluation at our
institution (SD +/- 18.0 years). The majority of these
patients (228, 62.3%) had the classic history of
significant bouts of epistaxis. A total of 155 patients
(42.3%) had pulmonary AVMs with nuclear medicine
pulmonary shunt indexes ranging from 1-66% (mean,
7.9%, SD 10.3%). Extracardiac shunting was also noted
on 177 out of 366 patients (48.4%) with contrast
echocardiography. Sixty-four patients (17.5%) had a
CNS wvascular anomaly with the most commonly
identified abnormality being an arteriovenous
malformation (11.7%). Major complications of HHT
were not infrequent with 10.6% (21 stroke, 8 brain
abscess, 10 intracranial hemorrhages).

CONCLUSION

Central nervous system vascular abnormalities are
relatively common on cross-sectional imaging in this
series of patients with HHT with the most common
being an AVM. Hereditary hemorrhagic telangiectasia is
not a benign disorder with frequent major
complications related to intractable epistaxis, right-to-
left extracardiac shunting, and intracranial hemorrhage.
Careful follow up and long-term surveillance is needed
in these patients to monitor for potential complications.

Key WorDs: HHT, hereditary
telengiectasia, complication rate

hemmorhagic
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SMART Syndrome Is Not Always Benign: A Case
Series

Black, D. F.Lindell, E. P.-Morris, ]J. M.-Krecke, K.
N.-Worrell, G. A.-Bartleson, . D.-Lachance, D. H.

Mayo Clinic
Rochester, MN

PURPOSE

The syndrome of stroke-like migraine attacks after
radiation therapy (SMART) was described in 2003 but
little is known about the cause, natural history, or long-
term imaging findings. We report on ten SMART
patients and review pertinent clinical, imaging, and
pathologic findings in order to better understand this
condition that was previously thought to be benign.

MATERIALS & METHODS
Following institutional review board approval, cerebral
magnetic resonance imaging findings of 10 patients
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seen by the authors and diagnosed with SMART
syndrome at our institution between 3/1/2006 to
8/1/2010 were reviewed retrospectively. MR imaging
results were correlated with clinical and pathologic data
in a case series format.

RESULTS

All ten subjects had remote cerebral irradiation for
treatment of neoplasia and developed subsequent
episodes of neurologic signs and symptoms. These
attacks were accompanied by characteristic, unilateral,
posterior gyral gadolinium enhancement often
associated with gyral thickening and mild T2
hyperintensity best seen on FLAIR images. Five of the
10 patients had mildly restricted diffusion in these
regions. Three subjects developed permanent cortical
laminar necrosis following a SMART attack. Patient age
at diagnosis ranged from 37-60 years (mean 49). The
interval between radiation therapy and onset of SMART
ranged from 6-32 years (mean 19). SMART attacks were
associated with headaches in 70% and seizures in 60%
of the cases. Unlike prior reports, half of the patients
developed permanent neurologic deficits beyond their
clinical baseline. Most commonly these included
sensorimotor deficits, ataxia and cognitive impairment.
None of the patients had tumor progression or
recurrence as an explanation for their symptoms or
findings. Patients who recovered returned to baseline
within 2 months on average. Patients were treated
symptomatically with a variety of medical therapies.
Four of the five patients with permanent sequelae
underwent brain biopsy which only demonstrated
gliosis.

CONCLUSION
Contrary to prior reports, SMART syndrome is not
always benign. Some patients suffer persistent

worsening from their baseline neurologic status.
Typical imaging findings include thick, unilateral, gyral
enhancement in the posterior cerebrum, which often
correlates with the site of seizure activity, suggesting
that seizures play a significant role in SMART syndrome.
The anatomical localization of patients’ deficits,
seizures, and MRI findings were always within the
previous radiation field. SMART is a delayed
complication of cerebral irradiation but, in the four
biopsied patients, results did not reveal a more specific
pathophysiologic etiology. Various therapeutic options
were employed but no definitely beneficial treatment is
yet known.

KEey WORDs: Whole brain radiation, SMART syndrome,
seizure
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Frontal and Insular Cortical Thickness in Stimulant
Dependent Individuals

Tanabe, ]. L.-York, P..Krmpotich, T.-Miller, D.-Dalwani,
M.-Sakai, ].-Mikulich-Gilbert, S.-Thompson, L.-Rojas,
D..Crowley, T.

University of Colorado
Denver, CO

PURPOSE

Structural changes in prefrontal cortex are reported
frequently in drug-dependent subjects. Recent evidence
suggests that insula, a component of the limbic system,
is involved in addictive behavior. Few studies have
focused on insula’s role in substance abuse. We
investigated whether there were differences in cortical
thickness in substance-dependent individuals (SDI)
compared to controls. We hypothesized that compared
to controls, SDI would have decreased prefrontal and
insular cortical thickness.

MATERIALS & METHODS

Twenty-eight SDI (11M/17F, 36 + 9 years) were
compared to 28 controls of similar gender and age
(15M/13F, 35 + 7 years). Substance-dependent
individuals were dependent on methamphetamine
and/or cocaine (DSM-IV criteria). 3D T1-weighted MRI
of the brain was acquired on a 3 T scanner. Cortical
thickness was calculated with FreeSurfer(v4.5)
(http://www.surfer.nmr.mgh.harvard.edu). Topological
inaccuracies were corrected by an investigator blinded
to group membership. Region of interest (ROI) and
whole brain analyzes were conducted. Three ROIS were
selected a priori using an automated gyral-based
parcellation method in FS: orbitofrontal cortex, inferior
frontal cortex, and insula. Cortical thickness was
compared across group using a 2-tailed ANCOVA,
adjusted for age and total intracranial volume. Cortical
thickness was correlated with duration of stimulant
dependence. Whole brain: data were smoothed (10 mm
FWHM) and tested for group differences, after adjusting
for age and intracranial volume. To verify ROI results,
statistical threshold was set at p<.005. To explore
regions not hypothesized to differ a priori, a whole
brain threshold was set at voxel-level p<.001, cluster
level p<0.05, after correcting for false positives using
Monte Carlo Z-simulation (5000 iterations).

RESULTS

ROI: There was thinning of the left insular cortex in SDI
compared to controls (2.88 + 0.19 vs 2.97 + 0.18 mm, p
= 0.02). No other regions differed in cortical thickness.
Cortical thinning in the left insula was confirmed with
whole brain analysis. Additional regions of cortical
thinning were suggested in right insula, bilateral
inferior frontal gyrus, and left temporal lobe (Figure 1,
red). No regions exceed the whole brain threshold
levels. The scatterplot shows the correlation between
left insula thickness and duration of stimulant
dependence (r = -.38, p =.05).
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CONCLUSION

Thinning of the left insula in stimulant-dependent
individuals is consistent with previous surface-based
morphometric studies in patients dependent on
cocaine, alcohol, and marijuana. Causality cannot be
determined, but a negative correlation between
duration of dependence and left insular thickness may
suggest that chronic drug exposure could result in
cortical thinning. These findings are consistent with a
role for insula in the neurobiology of substance
dependence.

KEY WORDS: Cortical thickness, insula, substance
dependence
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Imaging of Dizziness in the ED: What Is the
Diagnostic Yield and Are Clinical Factors Helpful in
Predicting Imaging Outcome?

Buckle, C.:.Lawhn- Heath, C.:Straus, C.

University of Chicago Hospitals
Chicago, IL

PURPOSE

The purpose of this study was to determine the
diagnostic yield of dizziness imaging in the ED and to
identify clinical factors that might predict positive
imaging findings in a large sample of patients
presenting with acute dizziness to the emergency room.

MATERIALS & METHODS

Four hundred fifty-six consecutive head CTs performed
on ER patients for the primary or secondary indication
of vertigo and/or dizziness were reviewed
retrospectively in this IRB-approved study. Clinical
factors from the ED admission was obtained in 313, of
these patients including age, gender, history (onset,
duration, quality of dizziness), associated symptoms,
past medical history, vascular risk factors and
indication for the exam (r/o mass, bleed etc.). Head CT
findings were classified into acute, subacute and chronic
and were compared with follow-up imaging (repeat CT,
MRI) where available. Multiple clinical factors coded in
either an ordinal or binary fashion. Ordinal factors were
entered into a logistical regression model. Pairwise
comparisons of the final coding and the binary variables
were performed using a 2x2 contingency table analysis
of independence via Fisher’s Exact Test and Pearson’s
Chi-Square Test. Subgroup analysis between the
presence of neurologic disease and vascular risk factors
with the presence of a positive acute imaging finding
was performed using Pearson’s Chi-Square test and

Fisher’s Exact Test. All tests were performed at the a =
0.05 significance level.

RESULTS

The incidence of acute findings on CT was 1.9%. The
incidence of any significant finding was 4.7%. Follow-up
imaging, predominantly MRI was obtained 32% of the
time, and changed the diagnosis 8% of the time. In
particular, MRI detected several posterior fossa strokes
not seen on CT. Of the clinical factors, only history of a
mass (benign or malignant) and the type of dizziness
(vertigo vs nonvertigo) were significant predictors for
the presence of positive CT head findings. The presence
of vascular risk factors, associated symptoms, and the
known neurologic disease were not predictive of a acute
cause for dizziness on either CT or MRI.

CONCLUSION

This study shows that the diagnostic yield of head CT
for emergent findings in a large sample of patients
presenting with acute dizziness is extremely low.
However, MRI in appropriately selected patients
changes the diagnosis a significant amount of the time.
Furthermore, we show that the clinical evaluation of
dizziness in the ER is challenging with few clinical
factors (only a history of brain mass and the type of
vertigo) predictive of imaging outcome. Surprisingly,
vascular risk factors were not associated significantly
with the presence of acute vertigo possibly because they
are so common in the population at large. A small
number of true positive findings and the retrospective
design of our study limits generalizability of the data;
however, the findings suggest that the evaluation of
dizziness is a challenging problem faced by ER
physicians and that more imaging with MRI (as opposed
to CT) may be warranted, given the lack of reliable
clinical factors to distinguish emergent from
nonemergent causes of dizziness.

KEeY WoRDS: Dizziness, ER, vertigo
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Age-Related Degradation of Limbic System: A
Quantitative Analysis with Diffusion Tensor
Imaging

Gunbey, H. P.1*Ercan, K.2:Zan, E.3-Findikoglu, A.
S.4-Karaoglanoglu, M.2-Arslan, H.2

1Cankirt Government Hospital, Cankiri, TURKEY,
2Ataturk Education and Research Hospital, Ankara,
TURKEY, 3Mardin Kadin Dogum ve Cocuk Hastaliklari
Hastanesi, Mardin, TURKEY, 4Erzincan Government
Hospital, Erzincan, TURKEY

PURPOSE

The limbic system; a network of gray matter
interconnected by white matter fibers is primarily
responsible for emotions and memories. It is known to
undergo degradation with aging as an important part of
cerebral white matter. Although the gray matter
components and the connecting fibers of this system
have been studied separately, the integrity of the whole
components including the hippocampus, amygdala,
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parahippocampal gyrus, cingulum and fornix have not
been yet analyzed with diffusion tensor imaging (DTI).
We investigated the age-related changes of quantitative
diffusivity parameters and fiber characteristics of limbic
system in healthy volunteers.

MATERIALS & METHODS

Thirty-one healthy subjects aged 25-70 years were
examined at 1.5 using standart DTI sequence.
Quantitative fiber tracking was performed for 3D
segmentation of the white matter tracts of fornix,
cingulum and the parahippocampal gyrus to determine
fractional anisotropy (FA) and mean diffusivity (ADC)
measurements. The FA and ADC values of bilateral
hippocampus, amygdala and parahippocampal gyrus
also were obtained as the gray matter components.

RESULTS

Moderately significant negative correlations were found
between the FA values of left hippocampus and right
parahippocampal gyrus; and age (r = -0.486, p = 0.006).
Also negative weak correlations were observed
between the FA values of the left parahippocampal
gyrus and fornix; and age (p<0.05). Interestingly right
amygdala and left cingulum ADC values showed
negative weak correlations (p<0.05) with age while the
left hippocampal ADC values represented positive
relation(r = 0.387, p= 0.031) as expected. In the
cingulum, no correlation was observed between FA and
age. The significant relative changes (p<0.05) per
decade of age were found in the cingulum and
parahippocampal gyrus FA measurements.

CONCLUSION

Quantitative fiber tracking enables identification of
differences in diffusivity and fiber characteristics as a
consequence of normal aging. As a novel finding we
showed the effects of aging in the entire limbic
microstructure that have not been described previously.
Our approach shows that in course of time the
hippocampus, parahippocampus and fornix are affected
significantly while the cingulum is not.

Key WORDs: Limbic system degradation, diffusion
tensor imaging
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MR Imaging Findings in Adult Patients with
Hemolytic Uremic Syndrome following an Infection
with a Novel Mutation of E. Coli (Subtype 0104:H4)

Lobel, U.1-Magnus, T.1-Meier-Cillien, M.2-Gerloff,
C.1-Réther, ].2-Sedlacik, J.1-Eckert, B.2-Fiehler, ].1

1University Medical Center Hamburg-Eppendorf,
Hamburg, GERMANY, 2Allgemeines Krankenhaus
Altona, Hamburg, GERMANY

PURPOSE

Infections with enterohemorrhagic E. coli (EHEC)
typically occur in children causing renal dysfunction
known as hemolytic uremic syndrome (HUS) and
neurologic symptoms in a small percentage of patients.
Therefore, very little information is available on the

morphology of brain manifestations of EHEC and HUS in
adults. During the recent epidemic with a novel
mutation of Escherichia coli 0104:H4 in Europe we
performed MRI in adult cohort with HUS and
neurologicl symptoms.

Materials & Methods

MR imaging data of 58 (26 male, 32 female) adult
patients (median: 39 + 18 years) with neurologic
symptoms who were treated for proven EHEC
infections at two hospitals were included in the
evaluation. MR imaging was performed during May-July
2011 and included fluid-attenuated inversion recovery
(FLAIR), diffusion-weighted imaging (DWI) and
standard anatomical sequences. The decision to
perform MRI was made on an individual basis with
respect to the neurologic symptoms. In the acute stage,
these included seizures, aphasia, hemiparesis and
deterioration of consciousness.

RESULTS

Abnormal signal intensity based on FLAIR and/or DWI
were found in the following anatomical structures
(number of patients): bilateral thalamus (19), bilateral
abducens nucleus (14), cortex (12), splenium of corpus
callosum (11), centrum semiovale (9), basal ganglia (5),
cerebellum (4), periaqueductal (4), hippocampus (3),
tegmentum (2), insula (2), internal capsule (2) and
dentate nucleus (1). In addition to hyperintense lesions
of the centrum semiovale associated with restricted
water diffusion in three patients and large bilateral
infarcts observed in one patient, a peculiar pattern with
symmetrical T2-hyperintensities and restricted water
diffusion of the lateral thalamus and the region of the
abducens nucleus was identified in nine patients
(Figure). These findings suggest a systematic toxic effect
on both structures which may be a characteristic for
adult patients with neurologic symptoms after EHEC
infection.

CONCLUSION

During the acute stage of adult patients with with
neurologic symptoms after EHEC infection, a peculiar
MRI pattern was identified which is characterized by
symmetric T2-hyperintense lesions of the thalamus and
pons. In addition, a pattern similar to MTX toxicity and
large bilateral infarcts was observed. These patterns
suggest a metabolic toxic effect of the disease or therapy
on the brain.

Key WoRDs: MR imaging, escherichia coli, hemolytic
uremic syndrome
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Should We Be "Nervous" about Celiac Disease?

Currie, S.1-Hadjivassiliou, M.2-Clark, M. R. ].1-Craven, I.
J.1-Sanders, D. S.2-Wilkinson, I. D.1-Griffiths, P.
D.1-Hoggard, N.t

1Academic Unit of Radiology, Sheffield, UNITED
KINGDOM, 2Royal Hallamshire Hospital, Sheffield,
UNITED KINGDOM

PURPOSE

To establish the neurologic magnetic resonance (MR)
imaging features of patients with celiac disease referred
to the neurology clinic, Sheffield, UK.

MATERIALS & METHODS

Retrospective examination of MR images obtained from
a consecutive cohort of patients (n = 36) with biopsy
proven celiac disease referred for a neurologic opinion.
Patients were divided into subgroups based on their
primary neurologic complaint. All patients underwent 3
T MR imaging comprising axial T2-weighted, sagittal
T1-weighted volume and single voxel point-resolved
proton spectroscopy sequence (PRESS) of the cerebellar
hemisphere and vermis (TE 144; TR 2000). Cerebellar
volume, normalized to total intracranial volume and
voxe- based morphometry (VBM) assessing differential
gray matter volume loss was calculated using FSL
(FMRIB Software Library). Cerebral white matter
abnormalities (WMAs) were characterized using a
previously published method, namely assessing size,
number and distribution. MR spectroscopy, normalized
cerebellar volume, cerebellar gray matter volume loss
and WMAs were compared with age- and sex-matched
controls.

RESULTS

Patient mean age = 46.4 + 14.9 years (range 19 to 73).
Primary neurologic complaint comprised balance
disturbance (n = 23; 63.9%), headache (6; 16.7%) and
peripheral sensory loss (4; 11.1%). Compared with
controls, cerebellar volume was reduced significantly in
the patient group (6.83 + 0.76% vs 7.67 =+ 0.96% of total
intracranial volume, p = 0.002). This significant
difference was only apparent in the balance disturbance
subgroup (6.76 + 0.83% vs 7.59 * 1.06%, p = 0.009).
VBM revealed statistically significant reduced gray
matter primarily affecting the superior aspect of the
cerebellum in celiac patients, compared to controls
(uncorrected p < 0.01). Compared with controls mean
NAA/Cr ratio was lower in the patient group but this
failed to reach statistical significance. Fourteen (39.9%)
patients demonstrated cerebral white matter
abnormalities (WMAs) unexpected for the patient’s age
with the highest incidence occurring in the headache
subgroup (66.6% compared with 53% and 25% in the
balance disturbance and peripheral sensory loss
subgroups respectively). The headache subgroup
averaged more than twice the number of WMAs per MR
compared to the balance disturbance subgroup and six
times more than peripheral sensory subgroup (mean =
19, 9 and 3 respectively).

CONCLUSION

Celiac patients referred to neurology demonstrate high
rates of significant cerebellar abnormality on MR
imaging. This suggests that gastroenterologists should
have a low threshold for referral for celiac patients and
has implications for health resources if screening for
celiac disease commences.

KEeY WORDS: Cerebellum, celiac, MR imaging
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Imaging Features of Intracranial Textiloma: A Meta-
Analysis and Three New Cases
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PURPOSE

Textiloma, a foreign body reaction to retained surgical
elements, can be mistaken for abscess or recurrent
tumor on imaging. Although this phenomenon has been
well described outside the central nervous system, only
small series or case reports of intracranial textilomas
exist. This paper reviews all published cases of
intracranial textiloma with a meta-analysis of imaging
features. We also present three new cases of
intracranial textiloma.

MATERIALS & METHODS

An exhaustive literature search identified 113 cases of
iatrogenic intracranial foreign body reaction published
since 1972. Cases included 46 foreign body reactions to
hemostatic aids following tumor resection; 39 reactions
to materials wrapped around intracranial aneurysms;
12 cases following microvascular decompression with
Teflon, sponge, or other material; and 16 miscellaneous
cases. Seventy-five cases had foreign body reaction
confirmed on histopathology. Imaging illustrations for
pathologically confirmed cases were reviewed to
characterize CT and MR imaging features.

RESULTS

Of 75 pathology-proven cases, 62 cases had at least one
CT or MRI illustration. Forty cases had CT imaging (16
NECTs, 35 CECTs, 11 both). Thirty-four of 35 CECTs
showed textiloma enhancement, with 15/35
demonstrating ring, 11/35 homogeneously solid, and
8/35 heterogeneously solid patterns. Thirty-five cases
had MR imaging and12 had precontrast T1-weighted
imaging, 30 T1C+, 10 T2-weighted imaging, and 5
FLAIR. Precontrast T1-weighted was predominantly
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hypointense (9/12). Two of 12 were isointense and
1/12 was hyperintense. T2 features varied. Six of 10
were hyperintense while 4/10 were hypointense. MR
enhancement patterns included heterogeneously solid
(15/30), ring (12/30), and homogeneously solid (3/30)
patterns. Of two cases with diffusion-weighted imaging
(DWI), one case demonstrated restricted diffusion. All
three of our cases had T1C+ scans. All enhanced
strongly. Two of three had solid homogeneous
enhancement while one demonstrated ring
enhancement. All three cases were hypointense on T1-
weighted imaging and partially or completely

hypointense on T2-weighted imaging. Two had DWI
scans; both showed mild restriction. Three of three

CONCLUSION

Intracranial textiloma should be considered in the
differential diagnosis of an enhancing mass lesion on CT
or MRI at the site of previous neurosurgical resection.
Intracranial textilomas virtually always enhance. When
hypointense signal on T2-weighted MRI or blooming on
T2* is present, these features may help distinguish
textiloma from abscess or recurrent tumor.

Key WOoRDS: Foreign-body granuloma, neoplasm
recurrence, diagnosis, hemostasis, surgical
instrumentation
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Monitoring the Effects of Cumulative Radiation
Exposure in Aneurysmal Subarachnoid Hemorrhage

Rosenbaum, D. G.1-Minkowitz, S.2:Loftus, M. L.1:Shih,
J.1-Sanelli, P. C.1

INewYork-Presbyterian Hospital, New York, NY, ZWeill
Cornell Medical College, New York, NY

PURPOSE

To monitor the cumulative radiation exposure due to CT
imaging and the frequency of deterministic effects in
aneurysmal subarachnoid hemorrhage (SAH).

MATERIALS & METHODS

We performed a retrospective study of consecutive
aneurysmal SAH patients. Data collection included
number and type of CT examinations of the head
performed during hospitalization, including
unenhanced CT, CT angiography (CTA), and CT
perfusion (CTP). CT perfusion examinations were
performed using 80 kVp and mA less than 200. The
radiation exposure for each CT was recorded as dose-
length product (DLP), an indicator of the energy
imparted to organs and a surrogate for overall radiation
burden. Chart reviews of both hospitalization and
subsequent outpatient visits were undertaken for the
following deterministic effects that may occur from
ionizing radiation: delayed wound healing not
attributable to other causes, skin erythema/burn,
temporary or permanent epilation, and cataract
formation. Length of outpatient follow up was
documented as days from the last inpatient CT. Overall
mean DLP and standard deviation (SD) were calculated
for the study population and for each type of CT
examination. Overall mean number of CT examinations
was calculated for the study population and for each
type of CT examination.

RESULTS

A total of 127 patients (mean age 52.7 years, SD12.5)
admitted for aneursymal SAH were included in this
study. Mean cumulative DLP for the study population
was 11,421 mGy-cm (SD5,024), with unenhanced CT,
CTA, and CTP accounting for 33%, 28%, and 38% of the
radiation burden, respectively. Patients underwent an
average of 6.5 (SD3.6) CT examinations during
hospitalization, consisting of 3.6 (SD3.6) unenhanced
CT, 1.03 (SD0.82) CTA, and 1.83 (SD1.01) CTP. The
mean length of outpatient follow up was 352 days
(SD476). Adverse biologic events were found in 5.5%
(7/127), with 3% (4/127) cataract formation and 2%
(3/127) delayed wound healing. No cases of skin
erythema/burn or epilation were noted. In two cases of
cataract formation, the diagnosis was made within 4
months of the patient’s last inpatient CT, possibly
occurring too early to be attributed to radiation
exposure. In the remaining two cases, cataract
formation occurred within 3-5 years of the patient’s last
inpatient CT. In the cases of delayed wound healing, two
cases involved persistent drainage not attributable to
other causes (such as infection) and the third case
involved frank dehiscence necessitating suture
placement. Mean cumulative DLP for these seven
patients who developed adverse biologic events was
13,446 mGy-cm (SD5,725) and mean number of CT
examinations was 6.0 (SD2.7).

CONCLUSION

The frequency of adverse biologic events that have been
described as deterministic effects occurring from
radiation exposure was calculated as 5.5%, with
cataract formation occurring in 3% and delayed wound
healing in 2% of the study population. However, there is
a reported 3-13% incidence of cataract formation in
those over 40 years old and a 5-11% incidence of
delayed wound healing for craniotomies in the general
population. Although causation of these biologic events
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cannot be determined, these findings may provide
further support that there is a low incidence of
deterministic effects from cumulative radiation
exposure in aneurysmal SAH.

0-153 4:20 PM - 4:28 PM

Radiation Awareness in Patients Having a Head CT
Scan: A Survey

Adas, R. A. A.-Chakraborty, S.

The Ottawa Hospital/University
Ottawa, ON, CANADA

PURPOSE

In light of ongoing media madness regarding increasing
radiation exposure and possible ill-effects due to ever
increasing number of CT scans, we conducted a survey
to determine the level of "radiation' awareness among
patients being referred for a CT scan of the head.

MATERIALS & METHODS

The survey was conducted over a 6-month period
following REB approval. Patients scheduled for a CT
head scan received an information sheet that explained
the purpose of the survey. The participants received a
three-page questionnaire with 19 multiple choice
questions about the indication, referring physicians and
explanation about the benefit and risk of the scan that
they were given. Questions also were directed to assess
their awareness about radiation exposure, risk, organ
dose. Finally they were asked about who they think
should provide this information. After completing the
survey the patients received a summarized information
sheet explaining radiation exposure related to their
scan and answers to some of the survey questions.

RESULTS

We received the feedback of 60 patients, age range (21-
87 years) mean age of 62. One third of the patient was
not aware about being exposed to radiation and it's
relation to cancer. Twenty per cent of patients had no
information why they were doing their scan. And more
than 60% of patients had no information about their
scan's dose, risks, and benefits. However most patients
believe the radiologists would be the best person to
explain this information to patients.

CONCLUSION

The increasing use of CT has led to several concerns
regarding safety, dose, and radiation-induced cancers.
Though this is a well discussed issue in imaging
departments, the level of awareness in patients and
referring physicians are unknown. The results of our
survey showed that 60% of patients had no information
about their scans prior to their booked appointments.
We hope that by continuing this survey, we provide
patients with brief proper information about radiation
exposure and stimulate their curiosity. Also with this
result we hope to improve dissemination of knowledge
about radiation exposure to the general public,
including prospective patients as well as the referring
physicians.

KEey WoRDSs: Radiation awareness, CT head, survey
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Craniofacial Malformations: Radiological
Perspective
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Craniofacial Malformations: Clinical Perspective

Gary F. Rogers, MD

Radiology, Children's National Medical Center
Washington, DC, USA

Gary F. Rogers, M.D., ].D., M\.B.A,, M.P.H,, is the Chief of the
Division of Plastic and Reconstructive Surgery at
Children's National Medical Center in Washington, D.C,
and an Associate Professor of Surgery and Pediatrics at
George Washington School of Medicine. Dr. Rogers is a
graduate of University of California, Los Angeles (B.S.,
1987), Tulane University School of Medicine (M.D., 1991),
Tulane University A.B. Freeman School of Business
(M.B.A.,, 1991), Tulane University School of Public Health
and Tropical Medicine (M.P.H., 1991), and the University
of North Carolina, Chapel Hill School of Law (].D., 1997).
He completed residencies in orthopedic surgery
(University of North Carolina, Chapel Hill 1996) and
plastic surgery (University of Tennessee College of
Medicine, Chattanooga, 1999), followed by fellowship
training in pediatric plastic surgery (Children's Hospital
Boston, 2001) and hand/microsurgery (Massachusetts
General Hospital, 2002). He is certified by the American
Board of Plastic Surgery, the American Board of
Orthopedic Surgery, and holds a subspecialty certificate
in surgery of the hand. He is an Associate Editor for the
Journal of Craniofacial Surgery and has published over 80
peer-reviewed publications.

OBJECTIVES:

1.Understand the pathogenesis of craniosynostosis
2.Recognize the associated clinical features of various
forms of craniosynostosis.
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3.Understand indications for treatment and surgical
options.

PRESENTATION SUMMARY:

Craniosynostosis is the premature fusion of one or more
cranial sutures. This pathologic process occurs in 1 in
2,000 to 2,500 live births and can occur in association
with no less than 130 different syndromes. Any cranial
suture can be affected, but fusion is most common in the
sagittal suture (40-55%), followed by the coronal (20-
25%), metopic (5-15%), and lambdoid (1%) sutures.
Craniosynostosis results in characteristic changes to
cranial shape that often suggest which suture(s) is
involved (Virchow’s Law). Some rare forms of
craniosynsotosis have unusual cranial shapes and
require high resolution CT to make the diagnosis.
Intracranial hypertension has been documented in 10-
15% of patients with single suture synostosis, and as
many as 75% of patients with multiple sutures involved.
Affected patients, especially those with an associated
syndrome, may also have other physical findings such
as midface hypoplasia, deafness, visual disturbances
and blindness, speech impairments, learning and
cognitive disabilities, nasopharyngeal airway
obstruction, swallowing dysfunction, heart and lung
abnormalities, and extremity anomalies.

The diagnosis, management, and treatment of
craniosynostosis requires coordinated care. This is best
accomplished by interdisciplinary team comprised of
professionals from the following disciplines:
anesthesiology, craniofacial surgery, genetics, hand
surgery, intensive care, neurosurgery, nursing,
ophthalmology, orthodontics, pediatrics, pediatric
dentistry, prosthodontics, psychology, radiology, social
work, and speech/language pathology. Treatment
options  include  suturectomy, spring-mediated
distraction, and open cranial remodeling procedures.
The pathogenesis of craniosynostosis is complex and, in
most cases, is not fully understood. Contemporary
research has demonstrated that the subjacent dura
mater affects cranial suture patency by temporally and
spatially supplying growth factors (e.g, FGF-2) and
cellular elements (e.g, osteoblastic cells) to the
overlying osteogenic fronts and suture mesenchyme.
Mutations in TWIST, MSX, EFNB1, and FGFR1-3 genes
have been associated with the development of some
types of craniosynostosis, but most forms of have no
identifiable genetic cause.

0-156 5:35PM - 6:10 PM

Syndromic Hearing Loss

Caroline D. Robson, MB, ChB

Radiology, Children's Hospital
Boston, MA, USA

Monday Afternoon

4:45 PM - 6:15 PM
Trianon Ballroom

(17) ASFNR PROGRAMMING:
ADVANCED IMAGING IN
PSYCHIATRIC DISEASE:
OPPORTUNITIES AND TRENDS

0-157 4:45 PM - 5:10 PM

Advanced Imaging of Affective Disorders and
Schizophrenia

Perry F. Renshaw, MD, PhD, MBA

The University of Utah
Salt Lake City, UT, USA

Dr. Renshaw received his M.D. and Ph.D. (biophysics)
degrees from the University of Pennsylvania before
completing his residency in adult psychiatry at the
Massachusetts General Hospital. In 1992, he accepted a
position at the the McLean Hospital Brain Imaging
Center, where his NIH-funded worked focused on the use
of multinuclear MRS to study individuals with substance
abuse and mood disorders. In 2008, Dr. Renshaw was
recruited to the University of Utah as a USTAR
Investigator and Professor of Psychiatry. He is an author
of over 300 peer reviewed articles and has received
numerous awards and honors for his research.

PRESENTATION SUMMARY

Recently, three independent reports have suggested a
strong association between regional suicide rates in the
United States and altitude (Kim, 2001; Brenner, 2011;
Betz, 2011). This association may be due to a poorly
understood increase in rates of depression with
elevation (DelMastro, 2011; Betz, 2011; Gamboa, 2011).
We have evaluated whether there is a difference in
brain chemistry with altitude by conducting proton
(1H) magnetic resonance spectroscopy (MRS) studies of
healthy volunteers in Salt Lake City (UT) and in Belmont
(MA), which are 4,700 and 44 feet above sea level,
respectively. 2D J-resolved 1H MRS was used to acquire
MRS data from the anterior cingulate cortex (ACC) and
the parietal-occipital cortex (POC) in ten age- and sex-
matched healthy volunteers at each site. The UT cohort
showed significantly decreased ACC glutamate (p =.01),
total creatine (p &lt; .001), and lactate (p = .05).
Significant differences were not observed for POC
metabolites between the UT and MA cohorts. The
present findings are of interest in light of commonly
reported reductions in cortical glutamate/glutamine
levels in major depression (Yuksel, 2010). Similarly,
reductions in the proton MRS creatine resonance would
be consistent with lower levels of phosphocreatine,
which has been suggested as a marker for poor
antidepressant treatment response (losifescu, 2008).
This is the first report of changes in brain chemistry
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with altitude and the findings suggest that novel
therapeutic strategies may be necessary for treating
depression at higher elevations.

0-158 5:10 PM - 5:35 PM

Advanced Imaging for the Evaluation of

Schizophrenia and Related Illnesses

Martha Shenton, PhD

Psychiatry & Radiology, Brigham and Women's Hospital
Boston, MA, USA

0-159 5:35PM - 6:00 PM

MR Techniques for Imaging in Psychiatric Disease:
Current Status and Future Directions

John D. Port, MD, PhD

Mayo Clinic
Rochester, MN, USA

PRESENTATION SUMMARY

This presentation will review the major MR imaging
techniques currently used to study psychiatric illness.
MR volumetry, voxel-based morphometry, diffusion
tensor imaging, functional MRI and MR spectroscopy
will be discussed, including a summary of the technique,
a brief review of the literature, and a discussion of the
potential value and limitations of each technique.
Finally, future MR tool development for psychiatric
illness will be discussed in the context of what will be
available in the next few years.

Monday Afternoon

4:45 PM - 6:15 PM
Beekman/Sutton North

(18) ADVANCED IMAGING
SEMINAR: MOLECULAR
NEURORADIOLOGY

0-160 4:45PM - 5:15 PM

New Tracers for Tumor Imaging

Hyunsuk Shim, PhD

Radiology, Emory University
Alanta, GA, USA

POSITION TITLE: Tenured Associate Professor of
Radiology

EDUCATION/TRAINING

Yonsei University at Seoul, Korea B.S. Physics

Univ of Illinois at Urbana-Champaign Ph.D. Biophysics
Johns Hopkins School of Medicine Post-doc Radiology
Johns Hopkins School of Medicine Post-doc Molecular
Oncology

Research Interest: My laboratory has a diverse range of
expertise in molecular imaging, cancer biology, and
pharmacology. We have been studying the involvement of
chemokine, stromal cell derived factor -1 (SDF-1) and its
receptor CXCR4 in cancer invasion/metastasis. We are
studying cancer invasion and metastasis, especially
recruitment and homing of inflammatory and tumor cells
at the distant organ sites. We have successfully led an
interdisciplinary research team to discover a series of
novel, potent anti-CXCR4 molecules, one of which is under
clinical evaluation. We are also developing methods to
detect metastatic tumor and tumor metabolism by using
PET.

Honors

American Association for Cancer Research AFLAC Young
Investigator Award 1997

Leukemia Society of America, Special Fellow Award 1998
Georgia Cancer Coalition, Distinguished Cancer Clinicians
and Scientists 2002

The Phi Beta Kappa Society Excellent Teaching
Recognition 2009

Radiology Department, Emory University, Outstanding
Scientific Contribution Award 2011

Number of published articles: 47 peer reviewed articles,
50 International meeting abstracts.

PRESENTATION SUMMARY

Molecular imaging is one of the fastest growing areas of
medical imaging. Positron emission tomography (PET)
and single photon emission tomography (SPECT) have
been widely used in the clinical management of patients
with cancer. Nuclear imaging provides biological
information at the cellular, subcellular, and molecular
level in living subjects with non-invasive procedures. In
particular, PET imaging takes advantage of traditional
diagnostic imaging techniques and introduces positron-
emitting probes to determine the expression of
indicative molecular targets at different stages of
cancer. 18F-fluorodeoxyglucose (18F-FDG), the only FDA
approved oncological PET tracer, has been widely
utilized in cancer diagnosis, staging, restaging, and even
monitoring response to therapy; however, 18F-FDG is
not a tumor-specific PET tracer. Over the last decade,
many promising tumor-specific PET tracers have been
developed and evaluated in preclinical and clinical
studies. I will present an overview of the current non-
18F-FDG PET tracers in oncology that have been
developed based on tumor characteristics such as
increased metabolism, hyperproliferation, angiogenesis,
hypoxia, apoptosis, and tumor specific antigens and
surface receptors. The corresponding SPECT tracers are
discussed as well.

0-161 5:15PM - 5:45 PM

Imaging of Tumor Response - Pseudo or Real?

Meng Law, MD

USC Medical Center
Los Angeles, CA, USA

EDUCATIONAL OBJECTIVES
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1. Understand the entities of pseudo-phenomena in the
post therapeutic brain in the setting of novel therapies
2. Understand how to recognize pseudoprogression
following treatment with temozolomide and radiation
which is currently the standard of care for malignant
glioma

3. Understand how to recognize pseudoresponse
following treatment with novel anti-angiogenic
therapies such as bevacizumab

4. Recognize some of the challenges and limitations
with conventional MR imaging in the characterization of
pseudophenomena

5. Appreciate how advanced MR techniques such as
perfusion, permeability, diffusion and MR spectroscopy
could be useful in characterization of
pseudophenomena

PRESENTATION SUMMARY (Abstract from Reference 1 Wen
P etal):

Currently, the most widely used criteria for assessing
response to therapy in high-grade gliomas are based on
two-dimensional tumor measurements on magnetic
resonance imaging (MRI), in conjunction with clinical
assessment and corticosteroid dose (the Macdonald
Criteria). It is increasingly apparent that there are
significant limitations to these criteria, which only
address the contrast-enhancing component of the
tumor. For example, chemoradiotherapy for newly
diagnosed glioblastomas results in transient increase in
tumor enhancement (pseudoprogression) in 20% to
30% of patients, which is difficult to differentiate from
true tumor progression.

Antiangiogenic agents produce high radiographic
response rates, as defined by a rapid decrease in
contrast enhancement on CT/MRI that occurs within
days of initiation of treatment and that is partly a result
of reduced vascular permeability to contrast agents
rather than a true antitumor effect. In addition, a subset
of patients treated with antiangiogenic agents develop
tumor recurrence characterized by an increase in the
nonenhancing  component  depicted on  T2-
weighted/fluid-attenuated inversion recovery
sequences. The recognition that contrast enhancement
is nonspecific and may not always be a true surrogate of
tumor response and the need to account for the
nonenhancing component of the tumor mandate that
new criteria be developed and validated to permit
accurate assessment of the efficacy of novel therapies.
Novel imaging techniques such as perfusion,
permeability, diffusion and spectroscopic imaging
technique are required to help characterize and
understand these phenomena.

0-162 5:15 PM - 5:45 PM

PET/MR: Neuro Applications

Zahi A. Fayad , PhD, FAHA, FACC

Mount Sinai School of Medicine
New York, NY, USA

PRESENTATION SUMMARY

Atherosclerosis-related diseases are projected to cost
more than $500 billion in the United States in 2010.
The majority of life threatening consequences of

atherosclerosis, including myocardial infarction (MI)
and stroke, result from acute thrombus formation on
the surface of a plague. The newly formed thrombus
may completely occlude the lumen in situ, or embolize
to occlude a distal narrower lumen, and in so doing
cause infarction to the territory supplied by the artery.
Most clinical investigations for atherosclerosis provide
a readout on the degree of stenosis caused by the
plaque. However, it is now well recognized that the
plaque that is at risk of thrombus formation is not
necessarily the plaque that impinges most on the
lumen of the vessel. Numerous imaging techniques
are currently being developed to provide information
on both the composition and function of the plaques.
Plague rupture accounts for the majority of acute
thrombus formation and is defined as a deep injury to
the fibrous cap with consequent exposure of the
underlying lipid-rich core to the arterial blood. The
prerupture lesion that most closely resembles a
ruptured plague is the thin-cap fibroatheroma (TCFA),
characterized by a large necrotic core underneath a
thin, fibrous cap. TCFAs contain an abundance of
macrophages and show signs of neovascularization
with intraplaque hemorrhage. All of these features can
now be probed by novel imaging techniques. Some of
these techniques, such as ultrasound imaging of
carotid intima-media thickness and intravascular
ultrasound of the coronary arteries, are already in
clinical use. Others, such as magnetic resonance
imaging (MRI) and positron emission tomography
(PET), have found application in research in the
analysis of the compositional features of carotid artery
plague, and have potential clinical utility. In this
article, we review the various imaging modalities used
for the evaluation and quantification  of
atherosclerosis. We also review new methods based

on nanomedicine  for novel treatment of
atherosclerosis.
Monday Afternoon

4:45 PM - 6:15 PM
Sutton Center/South

(19) APPROPRIATE UTILIZATION
OF CERVICAL SPINE IMAGING IN
TRAUMA

0-163 4:45 PM - 5:05 PM

Are We Currently Practicing Accounding to the ACR
Appropriateness Criteria?

Pina C. Sanelli, MD, MPH

Radiology, Weill Medical College of Cornell University
New York, NY, USA
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0-164 5:05 PM - 5:30 PM

What Are the Effects of Appropriate Utilization in
Radiology Practice?
Krystal Archer-Arroyo, MD

University of Maryland School of Medicine
Baltimore, MD, USA

0-165 5:30 PM - 5:55 PM

What Are the Barriers to Implementing Appropriate
Utilization Tools in Clinical Practice?
Rahul Sharma, MD, MBA, FACEP

Weill Cornell Medical College
New York, NY, USA

Monday Afternoon

4:45PM - 6:15 PM
Murray Hill

(20) Pediatrics: Miscellaneous

0-548 4:45 PM - 4:53 PM

Radiation Injury in Young Children Treated with
Proton Beam Radiation Therapy for Brain Tumors:
MR Imaging Features with Clinical Correlations

Sabin, N. D.-Merchant, T. M.-Harreld, ]. H.-Patay,
Z.Wright, K. D.-Gray, ].-Gajjar, A.

St. Jude Children's Research Hospital
Memphis, TN

PURPOSE

Proton beam radiation therapy (PBRT) promises high
dose conformity to the target volume while reducing
radiation dose to normal tissues. Potential adverse
effects, however, are poorly understood and sparsely
documented in the literature, especially in the pediatric
population. We report clinical and imaging findings of
radiation-induced injury in eight children less than 3
years of age treated with PBRT for primary brain
tumors.

MATERIALS & METHODS

Clinical and imaging data were collected for eight
children (age 7 months to almost 3 years) with brain
tumors who received 54 cobalt gray equivalent PBRT
following chemotherapy and developed subsequent
MRI evidence of radiation injury of brain parenchyma.
Six patients had posterior fossa tumors; two had
supratentorial neoplasms. Following PBRT, oral
chemotherapy was continued for all but one patient. All
patients had MRI of the brain just after completion of
PBRT and at approximately 3-month intervals. Contours
of areas of suspected radiation injury were drawn on
coregistered MRI images and PBRT planning isodose

curves for each child and dose-volume histograms
(DVH) were calculated for the abnormal areas.

RESULTS

On MRI obtained approximately 3 to 6 months after
therapy, seven of eight patients had abnormal signal
and enhancement consistent with necrosis in the
posterior fossa, primarily in the brainstem. One had
abnormal signal in the thalamus. Imaging findings
resolved over 1 to 3 months in six of eight patients and
were worse 2 months later in one patient. One patient
expired before follow-up MRI. Two patients
demonstrated potentially related clinical signs and
symptoms; the remaining patients were asymptomatic.
Coregistration of MRI images with isodose curves and
associated DVH data reveal that most of the areas of
abnormality are located along the deep margins of
treatment regions receiving the highest radiation dose
levels.

OCoNCLUSION

Radiation injury of brain may occur in young children
treated with PBRT for primary central nervous system
tumors and may be asymptomatic. In this series, injury
was most commonly at the deep margins of the high-
dose treatment region, possibly related to areas of
highest energy deposition. These changes appeared
unusually early after PBRT and improved relatively
quickly in most patients. Possible etiologies for the
unanticipated susceptibility of normal-appearing brain
to PBRT in these very young children include age,
focally intense deposition of energy related to the
spread out Bragg peak and sensitization of brain tissue
by chemotherapeutic agents. The brainstem may be
particularly susceptible to the effects of PBRT.

KEeY WORDSs: Neoplasms, radiation injury, proton beam
radiation therapy

0-173 4:53 PM - 5:01 PM

Comparison of Spin Echo and Gradient Echo T1-
Weighted and Spin Echo T2-Weighted Images at 3 T
for Term Neonatal Myelination Evaluation

McKinney, A.-Hanson, T. ].-Sarikaya, B.-Truwit, C. L.

University of Minnesota & Hennepin County Medical
Centers
Minneapolis, MN

PURPOSE

MR imaging often is utilized to assess myelination and
to evaluate for hypoxic-ischemic insult (HII) in term
infants. There is little data comparing myelination
scoring between gradient echo T1-weighted imaging
(GET1WI), spin echo T1-weighted imaging (SET1WI),
and spin echo T2-weighted imaging (SET2WI) at 3 T. A
prior study of term equivalent premature patients
described that GET1WI leads SET1WI at 3 T, while
SET2WI depicted the highest number of myelinated
structures. Our purpose was to compare the extent of
myelination on these sequences in developmentally
normal term infants.


http://files.abstractsonline.com/CTRL/17/6/449/308/66f/43e/788/8b9/d07/8df/eb5/8c/g2014_1.jpg
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MATERIALS & METHODS

IRB approval was obtained. Axial GET1WI, SET1WI, and
SET2WI sequences are standard in our noncontrast 3 T
MRI evaluation for HII. We retrospectively reviewed
term neonates scanned at <3 weeks age for HII between
1/2005-1/2011 (n = 33), with the intent to include only
developmentally normal children. We excluded 23
patients with: cerebral pathology on MRI (n = 9),
residual neurologic deficit (n = 3), Apgar <3 at 10
minutes (n = 2), chromosomal anomaly (n = 2), no
clinical follow up at >6 months age (n =3), not all 3
sequences obtained (n = 3), or severe motion during
MRI (n = 1). Thus,10 infants who were developmentally
normal at >6 months age were included. Two pediatric
neuroradiologists independently reviewed the three
sequences in 19 regions, based on previous studies.

RESULTS

MR images were scored as +, -, or +/- for myelination,
myelination being bright signal on GET1WI and
SET1WI], and dark on SET2WI. Myelination was present
in 60.5-75.3% of structures on GET1WI, 25.8-59.5% on
SET1WI, and 58.9-65.3% on SET2WI. Interobserver
kappa was "moderate” for GET1WI (k = 0.435,
p<0.001), "fair" for SET1WI (k = 0.259, p<0.001), and
"fair-moderate” for SET2WI ( k= 0.387, p<0.001).
Notably, there was 100% agreement between observers
that myelination was present in all patients on GET1WI
within the pyramidal decussation, medial leminiscus
(ML), lateral leminiscus, brachium of inferior colliculus
(BIC), superior cerebellar peduncle (SCP) and its
decussation (DSCP), habenular commissure (HC), and
posterior limb internal capsule (PLIC); on SET2WI there
was 100% agreement that myelination was present in
all patients in the ML, BIC, DSCP, and the inferior
cerebellar peduncle.

CONCLUSION

At 3 T, GRET1WI leads SET1WI in term myelination, as
described previously in term equivalent premature
infants. We again found that the highest interobserver
agreement was on GRET1WI, but the current study
noted that GRET1WI had a higher rate of myelinated
structures than SET2WI, contrary to the prior study of

term equivalent infants. Prospective studies are
necessary to confirm our findings in developmentally
normal, asymptomatic patients.

KEey WoORDSs: Neonatal, myelination, 3 T

0-174 5:01 PM - 5:09 PM

Evaluation of Perinatal Arterial Ischemic Stroke by
Arterial Spin Labeling Perfusion MR Imaging

De Vis, ]. B.-Petersen, E. T.-de Vries, L. S.-Groenendaal,
F.-Alderliesten,  T.-Kersbergen,  K-Lemmers, P.
M.-Hendrikse, J.-Benders, M.

University Medical Center Utrecht
Utrecht, NETHERLANDS

PURPOSE

It was our aim to establish a noninvasive measurement
of brain perfusion in neonates to evaluate the viability
of brain tissue, especially in the penumbra, after
perinatal arterial ischemic stroke (PAIS).

MATERIALS & METHODS

For this we applied arterial spin labeling (ASL)
perfusion imaging, which has been part of our neonatal
imaging protocol in over 20 patients, for the first time in
two PAIS patients.

RESULTS
Two neonates suffered PAIS which was monitored by
bilateral near infrared spectroscopy  (NIRS).

Conventional MR imaging with DWI and PC MRA was
performed, next to pulsed ASL (3 T Philips);
parameters: TR/TE/TI = 2500/20/1800 ms. A region of
interest was drawn surrounding the stroke area,
visualized on DWI, and surrounding the corresponding
contralateral area. For accurate cerebral blood flow
quantification the Ti of blood was measured. A
complete occlusion of the left middle cerebral artery as
well as diffusion restriction in its supply area,
illustrated on the ADC map (Fig. A: baby 1), was shown
in both patients. Perfusion measured on the ASL images
was lower in the stroke area compared with the
corresponding  contralateral area (babyl/baby2;
11.3/3.8 in the stroke area vs 13.5/8.5 ml/min in the
corresponding contralateral area). In the first patient,
higher perfusion signal was seen in the convexity of the
left hemisphere probably due to luxury perfusion and
collateral arteries (Fig. B). Furthermore, PC MRA in this
patient measured higher flow in the left internal carotid
artery (ICA) compared to the right ICA (41 vs 22
mL/min), probably due to ischemia-induced
vasodilatation. In both patients NIRS showed a higher
cerebral tissue oxygenation in both hemispheres
immediately after the event followed by normalization
on the right, but persistently higher values on the left.
This might be due to initial bilateral hyperperfusion
followed by decreased oxygen-use or ischemia-induced
vasodilatation in the affected hemisphere.
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CONCLUSION

Arterial spin labeling can reliably assess perfusion in
perinatal arterial ischemic stroke. It may be used to
assess tissue viability, to evaluate the effect of luxury
perfusion and collateral arteries in the evolution of the
penumbra and to monitor the effect of neuroprotective
treatment after PAIS.

KEY WORDS: Arterial spin labeling, neonate, stroke

0-175 5:09 PM - 5:17 PM

Insensitivity of Diffusion Tensor
Neonatal White Matter Injury

Imaging to

Nagasunder, A. C.-Rollins, N.
Y.1-Morriss, M. C.1*-Wang, Z.1

K.1-Chalak, L.2-Seo,

1Childrens Medical Center, Dallas, TX, 2University Texas
Southwestern Medical Center, Dallas, TX

PURPOSE

An abnormal conventional MR imaging (cMRI) in the
perinatal period has high predictive value for
neurodevelopmental impairment following neonatal
hypoxic ischemic encephalopathy (HIE) although a
normal MR does not insure a normal clinical outcome.
Diffusion tensor imaging (DTI) may increase the
prognostic value of MRI in this setting. The purpose of
this study therefore was to compare diffusion tensor
metrics of neonates at risk for ischemic brain injury to
those neonatal “controls”.

MATERIALS & METHODS

This study was IRB approved retrospectively. Subjects
were selected from a database of neonates referred for
MR imaging over the past 2 years for possible
congenital brain malformation, apnea, or neonatal
seizure in whom cMRI and neurologic examination
were normal. Diffusion tensor imaging from this
“control” group [n = 40; mean postconception age (PCA)
41.7 £ 5.1 weeks] was compared to 28 patients at risk
for brain injury due to HIE (mean PCA, 38.4 £ 7.6 weeks;
imaged 5-10 days of age); 20 were s/p therapeutic
hypothermia, and eight patients s/p ECMO (mean PCA
40.3 + 3.7 weeks; imaged 14-28 days of age) for
neonatal respiratory failure not due to congenital
diaphragmatic hernia or heart disease. MR imaging
done at 3 T included T1, T2, and DWI; posterior limbs of
internal capsules (PLIC), callosal genu (CG) and
splenium (CS) were assessed as normal or abnormal on
cMR. Diffusion tensor imaging parameters were SS-EP]I,
b = 700, 30 directions, TE = 84 ms, 2mm3 voxel, 1282
matrix size, SENSE = 2-2.5, 3 repetitions. After
correction of eddy current distortion and motion

artifact, tensor data were postprocessed using FSL
(FMRIB, Oxford, UK) and Tract-Based Spatial Statistics
modified for use in neonates (Ball). Tensor metrics
were analyzed using custom software written in IDL
(IDL Research Systems Inc. Boulder, CO). The posterior
limbs of internal capsules (PLIC), callosal genu (CG) and
splenium (CS) were interrogated for fractional
anisotropy (FA), and axial (AD) and radial diffusivity
(RD). Ninety-five per cent confidence intervals for FA,
AD, and RD were constructed from “control” data using
linear regression analysis; FA, AD and RD for at-risk
patients were considered abnormal if outside the
confidence intervals. Findings on cMRI were compared
to DTL

RESULTS

Conventional MR imaging was abnormal in the PLIC, CS,
and/or CC in five subjects s/p cooling HIE but in 0/8
ECMO patients. Of the HIE patients, FA values were
outside the 95% confidence intervals in the PLIC in five
subjects, in the CS in five, and the CG in four. With the
use of FA+AD, there were six, six, and nine subjects
outside the confidence intervals for the PLIC, CS, and
CG, respectively. The use of FA+AD+RD increased
number of the outliers to six, seven, and ten for the
PLIC, CS, and CG, respectively. Diffuse atrophy and
abnormal deep white matter was seen in seven of eight
ECMO survivors; DTI in the PLIC, CS, and CC were
consistently normal.

CONCLUSION

Diffusion tensor imaging is not sufficiently sensitive to
detection of white matter injury in either patients at
risk for or with HIE nor for survivors of neonatal ECMO
in whom cMRI suggests white matter injury.

KEY WOoRDS: Neonatal HIE, diffusion tensor imaging

0-176 5:17 PM - 5:25 PM

Absolute Values and Interhemispheric Ratios of
Cerebral Blood Flow Assessed by Arterial Spin

Labeling and Transcranial Doppler
Ultrasonography in Children with Sickle Cell
Disease

Behpour, A. M.1.2-Yu, ].2-Leung, ].2-Mikulis, D.1.3-Kassner,
Al2

1University of Toronto, Toronto, ON, CANADA, 2Hospital
for Sick Children, Toronto, ON, CANADA, 3Toronto
Western Hospital, Toronto, ON, CANADA

PURPOSE

Mechanisms responsible for cerebral ischemic events in
sickle cell disease (SCD) are very complex and seem to
be related to abnormal blood flow. Blood flow
abnormalities can be due to narrowing or occlusion of
cerebral vessels as well as hyperemia associated with
chronic anemia. Advanced neuroimaging techniques
such as arterial spin labeling (ASL) might be able to
distinguish these mechanisms. The purpose of this
study was to compare absolute values and
interhemispheric ratios of blood flow obtained in the
middle cerebral artery (MCA) territories with ASL
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versus transcranial Doppler ultrasonography (TCD) in
children with SCD.

MATERIALS & METHODS

Nine neurologically normal children with SCD (10 - 18
years old) along with five age-matched healthy controls
underwent ASL and TCD. Arterial spin labeling data
were acquired on a 3.0 T MRI system (Magnetom
TrimTrio, Siemens Medical Solutions, Erlangen,
Germany) using a PICORE Q2T sequence. Cerebral
blood flow (CBF) was calculated in each subject for each
MCA teritory thresholded for gray matter using the ASL
data processing toolbox (ASLtbx) provided by Wang et
al. Blood flow velocities of the right and left MCAs were
acquired with a TCD system (iU-22 xMatrix; Philips
Electronics, Best, the Netherlands) equipped with an S5-
1 transducer. The highest time average peak velocity
(TAPV) between three consecutive measurements was
obtained in each MCA The mean CBF and TAPV were
compared between patients and controls using a Mann-
Whitney U-test. In addition, a left to right
interhemispheric ratio was calculated for CBF and TAPV
values. The correlation of ASL and TCD ratios was
examined by a Spearman correlation coefficient (rs).
Absolute values and ratios were defined as abnormal if
they exceed two standard deviations of the mean of the
control group.

RESULTS

The average CBF and TAPV were 64.36 * 3.61
ml/min/100 g (p = 0.003) and 97.06 + 5.1 cm/s (p =
0.06) in patients, 40.47 + 1.15 ml/min/100 g and 77.98
+ 3.25 cm/s in controls, respectively. Individual CBF
values in both MCA territories of all patients were
higher than controls. However, abnormal TAPV values
were identified only in five patients. The CBF and TAPV
ratios varied between 0.83-1.2 and 0.73-1.01 in
patients, 0.98-1.08 and 0.86-1.08 in controls,
respectively. Cerebral blood flow ratios were
significantly correlated with TAPV ratios in patients (rs
=0.71, p = 0.047). Abnormal CBF ratios were observed
in three patients, whereas only one of these three
patients had an abnormal TAPV ratio.

CONCLUSION
Elevated CBF in SCD patients most likely is due to
anemia with reduced oxygen delivery and a

compensatory vasodilatory response in arterioles.
Elevated TAPV also can be due to this effect but also
could be due to MCA stenoses without anemia. Arterial
spin labeling can be confounded by stenoses that result
in increased transit times where flow underestimation
is seen due to delay in the transit of magnetically
labeled blood water protons. Application of either
method should take into consideration these possible
confounds through angiographic assessment of the
large arterial supply vessels when applying absolute
values or interhemispheric ratios for managing patients.

KEY WoRDS: Neuroimaging, cerebral blood flow, sickle
cell disease

0-177 5:25 PM - 5:33 PM

Intracranial Arterial Calcifications in a Pediatric
Population: Prevalence and Possible Relationship to
Childhood Disease

Harri, P. A.1-Desai, N.1-Chen, Z.2-Mullins, M. E.1

1Emory University School of Medicine, Atlanta, GA,
2Rollins School of Public Health, Atlanta, GA

PURPOSE

The objective of this study was to retrospectively
examine the prevalence of intracranial anterior and
posterior circulation arterial calcification in a pediatric
population as identified on routine, noncontrast head
CT scans and to determine if correlations between
specific underlying medical conditions and such
calcifications exist.

MATERIALS & METHODS

This retrospective study was approved by our IRB.
Consecutive noncontrast head CT scans on both male
and female children ages 0-20 years between August 1,
2010 - October 31, 2010 at a large tertiary referral
children’s hospital were collected using the institutional
picture archiving and communications system (PACS).
Two fellowship-trained neuroradiologists
independently interpreted these scans to determine the
presence or absence of intracranial arterial calcification,
and its location. The electronic medical records of all
patients were reviewed for clinical history prompting
the examination, demographics and medical history,
especially disease processes that may predispose to
premature arterial calcifications such as calcium
metabolism disorders, diabetes mellitus, renal disease,
and hyperlipidemia. Consensus conference was used to
resolve disagreements. Chi-square and Fisher exact
tests were used as appropriate to examine the potential
significance  of calcification incidence among
aforementioned diseases. Statistical significance was
defined as p-value < .05.

RESULTS

A total of 524 scans were included in the study. Arterial
calcifications were observed in a total of 28/524
patients (5.3%) with calcifications isolated to the
anterior circulation in 26/524 (5.0%), isolated to the
posterior circulation in 1/524 (0.2%) and involving
both systems in 1/524 (0.2%). There were no
statistically significant differences in incidence of such
calcifications between genders, but significantly more
calcifications were found in children aged 6-12 years
than any other age group. No significant associations
were found with calcium metabolism disorder, diabetes
mellitus, renal disease and hyperlipidemia and presence
of calcification.

CONCLUSION

A previous study found intracranial carotid artery
calcifications in 25% of pediatric patients undergoing a
CT scan of the temporal bone. This study found
intracranial arterial calcification to be a much rarer
finding in the pediatric population. When present, such
calcifications occur predominantly in the anterior
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circulation and correlate poorly in our study sample
with major diseases and risk factors that we expect to
predispose adults to intracranial atherosclerotic
disease. While the exact mechanism of such
calcifications in children is unclear, further longitudinal
studies are indicated to evaluate for long-term risk for
atherosclerotic complication in these individuals or
conversely to truly establish the benignity of this
finding.

KEy WORDS: Intracranial arterial calcifications,
prevalence
0-178 5:33 PM - 5:41 PM

Trend in the Use of Head and Cervical CT, and Brain
and Spine MR Imaging for Children with Traumatic
Brain Injuries in a Level I Trauma Center

Roudsari, B.-Jarvik, J. G.

University of Washington
Seattle, WA

PURPOSE

To evaluate the recent trend in utilization of head and
cervical CT and brain and spine MRI in pediatric trauma
patients admitted from 2005-2009 to Harborview
Medical Center, the only level I trauma center in the
northwest of the United States.

MATERIALS & METHODS

We linked the HMC trauma registry to HMC billing
department data and extracted the following variables:
age, gender, race/ethnicity, insurance status,
mechanism of injury, injury severity score, length of
hospitalization, ICU admission status, final disposition,
year of admission, and type and frequency of performed
CTs. We classified age into 0-14 and 15-18 years. We
plotted the rate of head CT and brain and cervical spine
MRI against the year of admission. We used negative
binomial regression to evaluate the 5-year trend in use
of CT and MRI for these patients, after adjustment for
age, gender, mechanism and severity of injury, and
hospital disposition (dead vs alive). We present the
results as incidence rate ratio (IRR) with the 95%
confidence intervals.

RESULTS

There were 4,922 trauma patients 18 or younger
admitted over the study period. For children 14 and
younger, between 2005 and 2009, the use of head and
cervical spine CT decreased 80% and 53%, respectively.
The corresponding drop in the use of brain and spine
MRI were 165% and 357%, respectively. For children
15-18 years, head CT dropped 15% between 2005 and
2006 and remained relatively unchanged between 2006
and 2009. The change in cervical spine CT, brain and
spine MRI was comparable to children < = 14 years.
Multivariable analyzes demonstrated that after
adjustment for previously mentioned covariates, among
children <14 years, the use of head CT significantly
dropped in 2009 compared to 2005 (IRR:0.71, 95% CI:
0.59-0.87). No significant change in the use of cervical
spine CT, brain MRI or spine MRI was observed. Among

children 15-18 years, we did not observe any significant
change in the use of head CT, brain MRI or spine MRI.
However, cervical spine CT was less utilized in 2009
compared to 2005 (IRR: 0.69, 95% CI: 0.50-0.94).

Table 1: Unadjusted annual utilization rate (per 1000
patient) of head and cervical spine CT and brain and
spine MRI, Harborview Medical Center, 2005-2009

Age Year Head CT C-Spine CT MRI brain MRI spine
0-14 2005 859 348 45 32
2006 699 329 27 26
2007 608 326 18 38
2008 610 282 25 31
2009 478 227 17 7
15-18 2005 1193 456 46 64
2006 1033 399 44 72
2007 1008 472 53 46
2008 993 345 36 53
2009 1059 287 64 43
CONCLUSION

In contrast to published literature, we observed a
declining trend in the use of CT for children <14 years in
our trauma center without an increase in MRI use.
However, the use of head CT for teenagers 15-18 has
not changed during the most recent years. We observed
a similar pattern for adults in our trauma center,
indicating that teenagers are treated similarly to adults.

Key WORDS: Trend analysis, CT and MR imaging,
pediatric head and spine trauma

0-179 5:41 PM - 5:49 PM

Motion-Corrected Diffusion Tensor Imaging for
Robust Pediatric Neuroimaging

Holdsworth, S. ].1-Yeom, K.2-Skare, S.3-Barnes,
P.2:Bammer, R.12

1Center for Quantitative Neuroimaging, Stanford, CA,
2Pediatric Radiology Section, Stanford, CA, 3Karolinska
Institute, Stockholm, SWEDEN.

PURPOSE

A common problem with pediatric MR imaging is
motion. Diffusion-weighted imaging (DWI) is highly
sensitive to the effects of motion. The resulting artifacts
can manifest in several ways, and include blurring
(motion between volumes), slice "drop-outs" (motion
during the diffusion encoding), and aliasing (motion
during the parallel imaging/ghost calibration scan). In
order to improve image quality in pediatric DWI and
avoid repeat scans and prolonged scan time, we have
implemented our GRAPPA-accelerated diffusion tensor
(DT) EPI sequence on over 1,600 pediatric patients, and
have developed tailored reconstruction software to
correct for large motion and reduce the need for general
anesthesia (GA).

MATERIALS & METHODS
GRAPPA-accelerated EPI DTI data were collected on
100 patients at 1.5 T and 1,500 patients at 3 T between
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the ages of 1 month and 18 years old. With these data,
we investigated the use of a method to perform 3D
rigid-body realignment with importance weighting and
a new data rejection criterion for large motion.

RESULTS

The figure shows a term infact s.p. cardiac arrest. Small
blood products were inconspicuous on uncorrected
DWI (a) but seen on motion-corrected DWI (b). Blood
products along the right medial occipital region were
equivocal without motion correction and similarly the
signal within frontal interhemispheric region. The latter
was a “pseudo lesion” caused by motion. Using the
maximum motion detected from the 3D realignment
procedure on the 1,600 DTI exams, 51% of patients did
not move (either through cooperation or general
anesthesia, denoted here by <1 mm of motion); 28% of
patients moved between 1 - 3 mm; 13% between 3 - 5
mm; 6% between 5 - 10 mm; and 2% between 10-18
mm. Except for three patients, the motion correction
steps employed were extremely robust in correcting for
motion. In addition, the motion correction steps
employed here do not blur or negatively affect the data
on nonmoving patients.

CONCLUSION

Our proposed integrated reconstruction scheme
suggests that correcting for different types of motion at
different stages of the DTI acquisition is critical to
provide DTI scans of diagnostic quality. Apart from the
very rare instance (0.2%) where the patient moved
continuously and extensively throughout the scan, our
motion correction procedures employed here are
extremely robust at correcting for motion. Using this
scheme, we show that highly diagnostic motion-
corrected DTI data can be read routinely on our patient
database within 10 minutes. Motion-corrected diffusion
images improved diagnostic confidence, reduced
equivocal lesions, and at times removed “pseudo
lesions.”

KEY WORDS: Pediatrics, diffusion tensor

0-180 5:49 PM - 5:57 PM

Evaluation of Motion Correction Methods for
Pediatric Spinal Cord Diffusion Tensor Imaging in
Normals and Patients with Spinal Cord Injury

Middleton, D. M.1-Mohamed, F. B.1-Barakat, N.1-Hunter,
L. N.2-Finsterbusch, J.3-Faro, S. H.1-Shah, P.1-Samdani,
A.2-Mulcahey, M. ].2

1Temple University, Philadelphia, PA, 2Shriners Hospital
for Children, Philadelphia, PA, 3University Medical
Center Hamburg-Eppendorf, Hamburg, GERMANY

PURPOSE

Motion correction is important in interpretation of
medical images and plays a crucial role in diagnosis and
treatment planning. While there has been intensive
research into motion correction of brain images, little
exists for spinal cord (SC) imaging. The goal of this
study was to determine a reliable motion correction
method for SC diffusion tensor imaging (DTI) and show
effects of motion correction on DTI parameters in
normal and injured SC in a pediatric population.

MATERIALS & METHODS

Twenty subjects (age range 7-21 years), 10 controls
without evidence of SC pathology and 10 patients with
spinal cord injury (SCI), were recruited. Images were
acquired using a newly developed inner-field-of-view
sequence. Image registration was performed using the
Automated-Image-Registration (AIR) package
implemented in DTIstudio (www.mristudio.org). Two
transformation types, rigid and affine, using three cost
functions, standard-deviation, least-square, and scaled-
least-squares were evaluated. Transformation matrices
generated for each registration were examined
quantitatively using in-house developed Matlab code.
The average and maximum displacements of vectors in
a transformed image were calculated for R/L, A/P, and
S/1 directions. Using MedINRIA (www-
sop.inria.fr/asclepios/software/MedINRIA/), fractional
anisotropy (FA) and mean diffusivity (MD) were
calculated pre and postcorrection. Regions-of-interest
were drawn on midline sagittal FA color maps. After
selection of a correction method, pre and postcorrection
images were randomized and blindly evaluated by a
neuroradiologist for cord edge conspicuity and cord
homogeneity, scoring images from one to five in each
category.

RESULTS

Rigid methods produced more consistent and lower
magnitude displacements compared to affine methods.
Affine methods often resulted in large displacements
and badly distorted images. Among rigid methods, rigid
scaled-least-squares ~ (RdSLS)  showed  greatest
improvement (Figure 1). Statistically significant (p =
0.02) decrease in FA values (14-21%) was found in
postcorrection images for subjects with SCI, while
control subjects showed minimal FA value reduction
(<5%) and were not significant. This difference could be
due to overestimation of FA values due to motion which
was corrected successfully. Uncorrected images’ median
score was two in both edge conspicuity and cord
homogeneity, and corrected images’ median score was
four in both categories. Using a Wilcoxon signed-rank
test, differences were statistically significant for both
edge conspicuity (p = 0.0015) and cord homogeneity
(p<0.001).
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Figure 1 - Pre-
correction (left)
and post-
correction (right)
reconstructed
sagittal FA maps
for a control

' subject showing
improved edge
conspicuity and

1 cord homogeneity.

CONCLUSION

Motion correction is an important consideration in
pediatric SC DTI. In controls and subjects with SCI,
analysis showed RdSLS to be an effective and reliable

correction method. Development of SC specific
correction methods would be an important step moving
forward in SC DTIL.

KEeY WORDS: Pediatric, diffusion tensor imaging, spinal
cord

0-181 5:57 PM - 6:05 PM

Diffusion Tensor Imaging of the Normal Pediatric
Spinal Cord Using an Inner-Field-of-View EPI
Sequence

Barakat, N.!*Mohamed, F.!*Hunter, L.2:Shah, P.l-Faro,
S.1-Samdani, A.2-Finsterbusch, ].3-Betz, R.2:Gaughan,
J.1*-Mulcahey, M.2

1Temple University, Philadelphia, PA, 2Shriners Hospital
for Children, Philadelphia, PA, 3University Medical
Center Hamburg-Eppendorf, Hamburg, GERMANY

PURPOSE

The purpose of this study was to (a) evaluate the
accuracy of cervical spinal cord DTI in children using a
newly developed inner-field-of-view (iFoV) sequence
with spatially selective 2D RF excitations and (b)
examine reproducibility of the DTI measures.

MATERIALS & METHODS

Twenty-five subjects (mean age = 13.28 years) without
evidence of spinal cord (SC) pathology were recruited.
Subjects and their parents provided written informed
assent and consent of the IRB-approved protocol. The
iFoV sequence was implemented on a 3.0 T Siemens
Verio MR scanner. High-resolution axial DTI images
were acquired to cover the cervical SC (C1-C7).
Diffusion tensor imaging parameters included: 20
directions, b = 1000s/mm2, voxel size = 1.2x1.2x3 mmb3,
axial slices = 35-45, TR = 6100-8000 ms, TE = 115ms,
averages = 3 and TA = 7 min. Conventional T1- and T2-

weighted scans also were obtained. Anesthesia, cardiac
and/or respiratory gating were not used. To test for
reproducibility of the DTI measures, all subjects
returned within 2 to 9 hours for a second scan. Motion
correction of the DTI images was performed. Next,
tensor estimation was done using MedINRIA. Diffusion
tensor imaging indices were extracted from ROIs drawn
at every axial slice location along the SC for both scans:
fractional anisotropy (FA), axial diffusivity (AD), radial
diffusivity (RD), mean diffusivity (MD), relative
anisotropy (RA) and volume ratio (VR), planar index
(Cp), linear index (Cl) and spherical index (Cs). The
ROIs were carefully drawn so that there was a
consistent sparring of the outer margin of the cervical
cord that represented approximately one voxel width to
minimize volume averaging with the CSF. Diffusion
tensor imaging indices were reported at each disk level
of the cervical SC as well as the middle portion of the
cervical vertebral body. Statistical analysis was
performed using intra-class-correlation (ICC) to test the
reliability of the DTI datasets.

RESULTS

Imaging with the iFoV sequence resulted in reliable DTI
data with reduced eddy current distortions and good
delineation of gray white matter structures (Figurel).
Subjects showed mean * standard deviation FA = 0.50
0.11, AD = 0.97 £ 0.20x10-3mm?/s, RD = 0.41 + 0.13x10-
3mm?2/s, MD = 0.59 + 0.15x10-3mm?2/s, RA = 0.35 + 0.08,
VR =0.03 + 0.00, Cp = 0.13 £ 0.07, Cl = 0.29 * 0.09 and
Cs = 0.58 £ 0.11. Between C1 and C7 levels, there was a
progressive decrease in FA (15%), AD (16%), MD (9%),
RA (23%) and Cl (27%) and an increase in RD (1%), VR
(11%), Cp (36%) and Cs (7%). Reliability test showed
moderate to strong agreement between the two scans
in all the subjects for all DTI parameters
(0.72<1CC<0.97).

Figure 1: Axial FAimage of a control subject’s cervical SC (C53).

Conclusion

This study showed that accurate and reproducible DTI
parameters can be estimated in pediatric cervical spinal
cord using an iFoV EPI sequence.

Key WoRDs: Diffusion tensor imaging, spinal cord,
pediatrics

0-182 6:05 PM - 6:13 PM

Complex Chiari (Chiari 1.5) Malformation

Moore, H.1*Chin, B. M.1-Moore, K. R.2



1University of Utah, Salt Lake City, UT, ZPrimary
Children's Medical Center, Salt Lake City, UT

PURPOSE

Complex Chiari Malformation, a newly defined term in
the neurosurgical literature, includes Chari 1.5 features
as well as other anomalies of the craniovertebral
junction. The purpose of this study was to characterize
the relative frequency, clinical presentation, and
radiologic spectrum of this entity at a large, pediatric
tertiary care referral center.

MATERIALS & METHODS

A retrospective search of imaging databases using the
keyword “Chiari 1” was performed for the time period
2006 to 2011. All studies with patients < 18 years of age
were reviewed for features of Complex Chiari
Malformation. Clinical data and imaging features were
abstracted. Studies were excluded if pre or
postoperative imaging or clinical notes were not
available.

RESULTS

Twelve (13%) of the 92 patients characterized with
Chiari 1 malformation had Complex Chiari
Malformation features, including inferior herniation of
the obex and cerebellar tonsils through the foramen
magnum (Chiari 1.5 malformation), ventral brainstem
compression due to odontoid retroflexion, medullary
“kinking,” basilar invagination, and/or other skull base
abnormalities. The patients presented with signs and
symptoms similar to those of Chiari 1 malformation
patients (e.g, headache, weakness) as well as with
similar incidences of scoliosis and syringohydromyelia.
The Complex Chiari Malformation population more
often required occipitocervical fusion and transoral
odontoid resection for persistent symptoms and/or
unresolved syringohydromyelia despite suboccipital
craniectomy, C1 laminectomy, and duroplasty.

CONCLUSION

Knowledge of Complex Chiari Malformation and its
distinctive clinical and radiologic features facilitates
identification of patients most likely to present with
severe symptoms and require extensive or repeated
surgical procedures. Ongoing research suggests
potential differences in imaging surveillance, operative
strategies to treat brainstem compression and
occipitocervical instability, and outcomes compared to
those of routine Chiari 1 malformation.

Key WOoRDs: Complex Chiari, Chiari 1.5
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Tuesday Morning

7:30 AM - 8:30 AM
Grand Ballroom Suite

(21) MAINTENANCE OF
CERTIFICATION (MOC) - REVIEW
SESSION (AR) HEAD AND NECK

0-183 7:30 AM - 8:00 AM

Head & Neck

Gul Moonis, MD, BS

Radiology, Beth Israel Deaconess Medical Center
Boston, MA, USA

PRESENTATION SUMMARY

Discuss representative cases of Temporal bone/skull
base.

2. Apply differential diagnoses in clinical practice.

3. Identify key imaging features of various lesions in the
head and neck.

4. Identify and list the top radiographic differential
considerations for each diagnosis.

0-184 8:00 AM - 8:30 AM

Head & Neck

Mary E. Cunnane, MD

Radiology, Massachusetts Eye and Ear Infirmary
Boston, MA, USA

Tuesday Morning

8:30 AM - 10:00 AM
Grand Ballroom Suite

(22) GENERAL PROGRAMMING:
COLLABORATION WITH SOCIETY
FOR SILAN

0-185 8:30 AM - 8:40 AM

Short Presentation about Dr. Juan Taveras

R Gilberto Gonzalez, MD, PhD

Neuroradiology, Massachusetts General Hospital
Boston, MA, USA

PRESENTATION SUMMARY
This will be an introducton into the life of Dr. Juan
Taveras

0-186 8:40 AM - 9:00 AM

Arteriovenous Malformations

Fernando Vinuela, MD

Interventional Neuroradiology, UCLA Medical Center
Los Angeles, CA, USA

PRESENTATION SUMMARY

Brain avms are the most frequent vascular
malformation and those which cause most morbidity
and mortality.The goals of endovascular management of
cranial avms includes cure of the disease while
maintaining normal structure and function, promoting
quality of life and helping patients to cope with his/her
condition.Multidisciplinary treatment 1is the best
therapeutic approach in large and complex avms. It
includes surgery, radiosurgery and embolization.The
pre-diagnostic objectives involves avm localization,
angioarchitecture and brain functional evaluation. The
endovascular procedures must be tailored to achieve
attainable and realistic objectives in order to decrease
iatrogenia. The objectives of embolization includes:
complete avm occlusion,embolization of risk targets and
preparation for estereotactic radiosurgery or surgical
removal. A temporal evolution of neuroendovascular
techniques and examples of technical and clinical
failures will be displayed in this presentation.

0-187 9:00 AM - 9:20 AM

Neurocysticercosis and Other Tropical Infectious
Diseases

Enrique Palacios, MD, FACR

Radiology, Tulane University
New Orleans, LA, USA

PRESENTATION SUMMARY

In the present era of worldwide rapid travel,
immigration to and from developing countries and
international commerce, the term “tropical diseases”
could be considered outdated or even obsolete. In
reviewing the current literature it is evident that
parasitic and infectious diseases seen in the so-called
endemic areas of the world are now encountered in
non-endemic areas, including the United States. In
addition, there has been a rise in immune suppression,
particularly HIV-AIDS and that has caused an increase
in opportunistic and tropical diseases, which often leads
to poor treatment response.

Remarks will be concentrated on the most common
manifestations of tropical diseases of the Central
Nervous System that were found previously only in
endemic areas and that are now seen worldwide,
including the United States. Special attention with a
brief epidemiological description will be paid to
neurocysticercosis, protozoal, viral infections and other
less common parasitic disorders that now appear
sporadically or in the form of outbreaks in non-endemic
areas. The recent outbreaks in New York, Louisiana and
California of West Nile encephalitis, not previously seen
in the United States, brings to light the association of
some of these infections of the brain.
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Questions

1. Should the term tropical diseases be considered
obsolete, since they now appear in non-endemic non
tropical area?

2. Should neurocysticercosis considered to be endemic
in some areas of the United States?

3. Is the increase in immunosuppression a risk for
increase in the prevalence in the so called tropical
diseases?

0-188 9:20 AM - 9:40 AM

Multiple Sclerosis

Alex Rovira, MD

Department of Radiology, Hospital Universitari Vall
d'Herbron
Barcelona, Spain

PRESENTATION SUMMARY

Conventional MR imaging techniques, such as T2-
weighted and gadolinium-enhanced T1-weighted
sequences are highly sensitive in detecting multiple
sclerosis (MS) plaques and provide a quantitative
assessment of inflammatory activity and lesion load.
However, the changes identified by MR imaging in
patients with MS are not completely disease-specific.
Other disorders can cause white matter lesions with
imaging characteristics similar to those seen in MS.
Nevertheless, the MR imaging pattern of brain MS is
usually relatively specific when age, clinical
information, and the full range of MR imaging
abnormalities are taken into consideration. MS lesions
tend to affect specific regions of the brain hemispheres,
including the periventricular white matter, the calloso-
septal interface along the inferior surface of the corpus
callosum, and the juxtacortical white matter (“U”
fibers). Posterior fossa lesions preferentially involve the
floor of the fourth ventricle, the middle cerebellar
peduncles, and the brainstem. Most brainstem lesions
are contiguous with the cisternal or ventricular
cerebrospinal fluid spaces, and range from Ilarge
confluent patches to solitary, well-delineated
paramedian lesions or discrete "linings" of the
cerebrospinal fluid border zones. These areas are a key

feature that helps to identify MS plaques and
differentiate them from focal areas of ischemic
demyelination and infarction, which preferentially
involve the central pontine white matter. MS lesions of
the spinal cord resemble those in the brain. On sagittal
scans, the lesions characteristically have a cigar shape
and rarely exceed two vertebral segments in length. On
cross-section they typically occupy the lateral and
posterior white-matter columns, extend to involve the
central grey matter, and rarely occupy more than one
half the cross-sectional area of the cord. The prevalence
of cord abnormalities is as high as 92% in established
MS. MRI identification of subclinical spinal cord lesions
in patients with non-specific brain findings, particularly
those >50 years old, can increase the diagnostic
certainty because these lesions are relatively frequent
in MS, but rare in other white matter diseases.
Longitudinal and cross-sectional MR studies have
shown that formation of new MS plaques is often
associated with contrast enhancement. Incomplete ring
enhancement on T1-weighted gadolinium-enhanced
images, with the open border facing the gray matter of
the cortex or basal ganglia is a common finding in active
MS plaques and is a helpful feature for distinguishing
between inflammatory-demyelinating lesions and other
focal lesions such as tumors or abscesses.

0-189 9:40 AM - 10:00 AM

Temporal Lobe Epilepsy, The Role of Neuroimaging

Andres Arbelaez, MD

Neuroradiology, Corbic Cardio-neurovascular Institute -
HPTU
Medellin, Colombia

PRESENTATION SUMMARY

Focal epilepsy that is uncontrolled with antiepileptic
drugs is potentially treatable with surgery. Such
intervention is a consideration for 3% of patients with
epilepsy. Temporal lobe epilepsy (TLE) encompasses a
variety of disorders that have as a common feature
seizures arising in a temporal lobe. Underlying
pathologies include tumors, vascular malformations,
cortical dysplasia, trauma, and hippocampal sclerosis.
Each lesion has a unique pathophysiology and the type
of seizure generated by them may vary according to its
location.

In TLE patients resistant to current antiepileptic,
surgery is the standard treatment. Best results are
obtained when the abnormality that gives rise to
seizures is entirely removed and the eloquent cortical
regions and connecting white matter tracts are
preserved. The principal role of MRI is to reveal lesions
that might cause epilepsy. Identification of a resectable
underlying structural lesion improves the chances of
seizure freedom.

Structural imaging is essential in localization and
lateralization of the seizure focus. MRI can reveal
previously covert epileptic lesions, with quantitative
and voxel-based analyses increasing its diagnostic yield.
Despite improved techniques in neuroimaging that
facilitate identification of surgical candidates, the
success of epilepsy surgery has no changed
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substantially. Recent observations from histopathology,
neuroimaging, and neuroscience laboratory suggest
that the syndrome is not always a uniform entity.
Despite clinical similarities, not all patients become
seizure free. If structural MRI does not indicate a
structural cause of epilepsy or if data indicating a lesion
are discordant with clinical and EEG data, functional
imaging with FDG PET, and SPECT can identify the
epileptic focus and guide intracranial electrode
placement. New MRI techniques can help to delineate
extent of mesial temporal lobe pathology and identify
extra hipppocampal neocortical changes, allowing
individualized treatment planning. The purpose of this
presentation is to show the selection process for
surgery in some patients with TLE and the planning of
the approach according to the multimodality findings.
Presurgical Predictors of Seizure Control for mesial
TLE:

Positive: Circumscribed hippocampal sclerosis or
tumors, greater volume resected, atrophy ipsilateral to
EEG abnormality, only hippocampal atrophy on MR],
concordant memory asymmetry on WADA(fMRI).
Controversial: Duration of epilepsy history. Negative:
No histopathology in surgical specimen, lesion outside
of resection, bilateral atrophy on MRI, history of
secondary generalization, incomplete mesial resection,
and wider FDG PET abnormality,

Reliable integration of structural and functional data
into surgical image-guidance systems promises safer
neurosurgery for epilepsy in the future.

Tuesday Morning

8:30AM-10:00 AM
Trianon Ballroom

(23) GENERAL PROGRAMMING:
ALZHEIMER'S DEMENTIA

0-190 8:30 AM - 8:50 AM

Preclinical Alzheimer's Dementia: A New Frontier in
Treatment Trials

Stephen Salloway, MD, MS

Neurology,Warren Alpert Medical School of Brown
University
Privudence, RI, USA

PRESENTATION SUMMARY

There is an urgent need to develop treatments that
delay the onset and slow the progression of Alzheimer’s
disease. Advances in imaging and fluid biomarkers have
led to the development of new research criteria that
view Alzheimer’s disease (AD) as a multi-year illness
with a long prodromal preclinical phase, a mildly
symptomatic mild cognitive impairment (MCI) phase,
and a more disabling dementia phase. There is general
agreement among dementia experts that disease-

modifying and preventative treatments will have their
greatest impact in reducing the severity of AD when
initiated early in the course of the disease. This makes
the preclinical phase an important target for secondary
prevention trials. Recent data from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI), the Dominantly
Inherited Alzheimer’s Network (DIAN), the Australian
Imaging and Biomarker Lifestyle (AIBL) study and other
biomarker studies have demonstrated changes in
biomarkers more than 10 years before the onset of
symptoms. The first changes are seen in amyloid
markers with increases on amyloid PET and decreases
in CSF amyloid beta 42. These are followed by increases
in CSF tau, decreased metabolism on FDG PET, and
hippocampal and cortical atrophy and ventricular
enlargement on MRI. These changes occur earlier in a
dose dependent manner in Apolipoprotein epsilon E4
carriers. Molecular imaging and MRI scanning, CSF
testing of amyloid and tau, and genetic testing
(Apolipoprotein E epsilon 4 allele and mutations in
presenilin 1 and 2 and amyloid precursor protein
genes) can be used to identify individuals at risk for AD,
to monitor the progression of the disease, and to assess
treatment outcomes. The new research diagnostic
criteria for preclinical AD are being used as a basis for
planning secondary prevention trials with amyloid-
modifying agents which include imaging biomarkers
and subtle changes on cognitive tests as primary
outcome measures. This presentation will review the
new research criteria and some of the challenges
inherent in selecting biomarker outcomes for
preclinical AD trials.
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0-191 8:50 AM - 9:10 AM

Amyloid Imaging of Alzheimer's Dementia and
Beyond

Chester A.Mathis, PhD

University of Pittsburgh School of Medicine
Pittsburgh, PA, USA

Chester A. Mathis, Ph.D., is Professor of Radiology and
Pharmaceutical Sciences at the University of Pittsburgh,
Director of the University of Pittsburgh Positron Emission
Tomography (PET) Facility, University of Pittsburgh
Distinguished Professor, and inaugural holder of the
UPMC PET Research Endowed Chair. Dr. Mathis has a
long standing interest in applying  synthetic
radiochemistry techniques to develop PET
radiopharmaceuticals to study brain function in vivo.
Over the past 30 years, he has focused primarily on the
development of radiotracers to image neuroreceptor
systems using PET imaging methodology. Approximately
17 years ago, Dr. Mathis joined efforts with Dr. William E.
Klunk of the Department of Psychiatry at the University of
Pittsburgh to devise a PET radiotracer capable of
imaging amyloid-beta plaques in living human brain. This
work led to the development of Pittsburgh Compound-B
(PiB) and other longer-lived analogues of PiB to non-
invasively assess amyloid-beta plaque load in the brains
of humans using PET imaging.

PRESENTATION SUMMARY

Imaging agents capable of assessing amyloid-beta (A)
content in vivo in the brains of Alzheimer’s disease
(AD), mild cognitive impairment (MCI), and elderly
normal control subjects will likely prove valuable as
surrogate endpoints to assess the efficacy of anti-
amyloid therapeutics (Rinne 2010), as diagnostic agents
to assess beta-amyloidosis of the brain in AD, MCI, and
elderly control subjects who would likely benefit from
anti-amyloid therapies, and to test the amyloid cascade
hypothesis of AD (Mathis 2007). While 11C-labeled
Pittsburgh Compound B (PiB) is currently the most
documented AP imaging tracer in human studies
throughout the world, the short half-life of 11C limits its
clinical usefulness. At this time, three 18F-labeled A
tracers are undergoing Phase III clinical trials as A PET
imaging agents and show considerable promise. A brief
overview of on-going studies using PiB and the 18F-
labeled A tracers in human imaging studies will be
presented along with a discussion of the future
usefulness of these agents in clinical practice.

0-192 9:10 AM - 9:30 AM

Quantitative Volumetic Imaging in AD Diagnosis and
Treatment Trials

Anders M. Dale, PhD

University of California at San Diego
La]Jolla, CA, USA

Presentation Summary

Quantitative volumetric imaging shows great promise
as biomarkers to evaluate treatment efficacy in clinical
trials and for early diagnosis of Alzheimer’s Disease.

Recent large scale, multi-site imaging studies, including
the Alzheimer’'s Disease Neuroimaging Initiative
(ADNI), have demonstrated the importance of using
optimized cross-vendor image acquisition protocols and
analysis procedures. In this presentation we will
highlight some of the main lessons learnt from such
studies. We will further discuss the value of integrating
volumetric imaging biomarkers with molecular and
genetic information, and outline how these can be
translated into clinical practice.

0-193 9:30 AM - 9:50 AM

Bridging the Gap: What Can Functional
Neuroimaging Tell Us about the Pathophysiology in
Alzheimer's Disease

Jeffrey R. Petrella

Radiology, Duke University Medical Center
Durham, NC, USA

PRESENTATION SUMMARY

Aside from its use as a diagnostic tool in the central
nervous system, one of the most exciting aspects of
neuroimaging, particularly functional neuroimaging, is
its ability to give us a window into the underlying
pathology of diseases, such as Alzheimer’s disease (AD).
A little over 100 years ago, dementia was considered
not a disease, but a normal part of the human aging
process. Then, in 1906, a german psychiatrist named
Alois Alzheimer made a seminal discovery in a patient
who developed dementia in her 50’s and died shortly
thereafter. On autopsy, he described the plaques and
tangles that we still consider to represent the
underlying pathology of AD. Almost 70 years after
Alzheimer’s original discovery, a link was suggested
between Alzheimer’s discovery and the dementia of old
age, suggesting the two conditions were pathologically
identical [1]. Thereafter AD was no longer considered a
rare condition of middle age, but the 4th or 5th most
common cause of death in the U.S. A massive organized
research effort on AD ensued, with subsequent studies
suggesting how the pathology spread across the brain,
and implicating the cholinergic system as a key part of
the pathophysiology of AD, the first attempts at therapy
aimed at enhancing this system as a means of improving
cognitive performance [2].

Today, the predominant theory on the pathophysiology
of AD is the amyloid hypothesis, which posits amyloid
deposition as an early sentinel event, followed by a
downstream cascade of inflammation, neuronal
damage/death, atrophy and cognitive dysfunction.
Biomarkers, including those from neuroimaging, can
help us better understand this cascade[3]. Several
emerging findings based on neuroimaging, as well as
failure of several recent multi-center anti-amyloid
therapeutic trials, have thrown the amyloid hypothesis
into question [4]. Clinical trials in subjects with
preclinical AD, a new and controversial diagnostic
category of AD, will be critical in this regard. Functional
neuroimaging may help bridge the gap in our
understanding of the pathology of AD and it’s
downstream cognitive effects. The mechanism of how
amyloid plaques and neurofibrillary tangles spread
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across the brain remains a mystery. Several recent
studies using molecular imaging and functional MRI
have given rise to theories on how this pathophysiology
spreads and results in the phenotypic features of
cognitive impairment and dementia [5-8]. As such,
neuroimaging remains a powerful tool for
understanding AD, and ultimately, in the search for a
cure.

Tuesday Morning

8:30 AM - 10:00 AM
Beekman/Sutton North

(24) SYNAPTIC JUNCTION
PROGRAMMING: DTI FOR
DUMMIES

0-194 8:30 AM - 9:00 AM

Andrew G. Bleicher,MD

Radiology, University of Pittsburgh Medical Center
Pittsburgh, PA, USA

PRESENTATION SUMMARY

Unlike standard DWI, DTI estimates the directionality of
water diffusion, with FA and DTT providing indirect
measures of white matter integrity. More advanced
methods hope to address weaknesses of DTI, most
notably the fiber crossing problem. More direct
evaluation of fiber tract orientation and integrity could
transform white matter imaging and assessment from
the level of basic science to clinical diagnosis and
treatment (including surgical localization and
rehabilitation). While almost all publications have
evaluated between group differences between patient
groups and controls, more advanced processing
methods hope to provide clinically actionable
information for individual patients. White matter tracts,
brain connectivity, and damage from pathologic entities
may be represented in the near future with greater
accuracy and higher fidelity than currently available
with DTI. Clinical examples will accompany a brief
overview of methods.

0-195 9:00 AM - 9:30 AM

Vikas Agarwal, MD

Department of Radiology, University of Pittsburgh
Medical Center
Pittsburgh, PA, USA

PRESENTATION SUMMARY

Diffusion tensor imaging (DTI) is an emerging tool in
clinical neuroradiology. Diffusion of water molecules in
the brain is not necessarily the same in all directions.
The idea that the direction of diffusion is more
organized in a specific direction is known as anisotropy.

DTI is a more sophisticated form of diffusion based MRI
which is obtained by applying diffusion gradients in at
least 6 directions. It therefore allows for quantitative
evaluation of the rate and direction of water motion
within a voxel which in turn provides details on white
matter tissue microstructure and organization which is
beyond what is capable with conventional MRI
sequences. With recent improvements in MR hardware,
DTI has become a powerful non-invasive tool to
evaluate the integrity and direction of fiber tracts in
various pathological conditions. The most common
clinical applications of DTI will be reviewed such as
cerebral ischemia and wallerian degeneration, multiple
sclerosis, traumatic brain injury and brain tumors.

0-196 9:30 AM - 10:00 AM

Michael L. Lipton, MD, PhD

Radiology, Albert Einstein College of Medicine
Bronx, NY, USA

PRESENTATION SUMMARY

This session is designed to be accessible to all
neuroradiologists, but is especially appropriate for
those without a high degree of familiarity with MR
physics or DTI, including those who have not yet been
exposed to DTI concepts at all. The explanations will not
rely on mathematics. We will use a descriptive approach
to review the basis of diffusion induced signal change
and the nature of diffusion in tissue, with particular
attention to the nature of diffusion anisotropy in white
matter. The basic approach for directionally encoding
diffusion images and extracting information about
diffusion direction will be presented. The four principle
diffusion metrics, fractional anisotropy (FA) and mean,
axial and radial diffusivity will be explained and
demonstrated. Microstructural and  pathological
correlates of various diffusion parameter scenarios will
be covered, leaving the participant well-prepared for
the second segment of this session, which covers clinical
applications of DTL

Tuesday Morning

8:30 AM - 10:00 AM
Sutton Center/South

(25) AN EXPERT: HOW I DO IT

0-197 8:30 AM - 9:00 AM

ASL in Neuropediatrics

Francis Brunelle, MD

Hopital Necker-Enfants Malades
Paris, France

INTRODUCTION
In all fields of medicine understanding and analyze of
the function of any organ relies on measurement of
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organ perfusion. Up to now most techniques are using
radionuclide imaging such as scintigraphy or PET. In
children PET is relatively difficult to use as the
availability of PET scanner and tracers is limited. More
over all those techniques are qualitative and do not
allow precise quantitative measurements. In the brain
presence of the Blood Brain Barrier limits even more
the use of tracers as most of the molecules do not cross
this sealed barrier.

Several perfusion techniques were developed for study
of the brain function: Xenon perfusion, contrast CT
perfusion, 03 PET scan, and MRI perfusion with
gadolinium.

Recently Arterial Spin labelling, ASL, became available
and represents a real change in our practice for
research and clinical use. Indeed ASL is non invasive
and allows a quantitative measurement of brain
perfusion. Up to now ASL is limited to the head and
neck region for technical reasons.

Objectives:

To present new applications of ASL in the diagnosis and
follow-up of head and neck and brain lesions in
children.

Vascular malformations

ASL in measuring the blood flow in vascular lesion
allows differentiation between high flow and low flow
lesions, venous, lymphatic and hyper vascular ones.
Intracranial vascular malformations

After treatment, surgery, embolisation or radiotherapy
it is necessary to follow up those lesions. MRI alone
even thanks to MRI angiography may be controversial.
ASL in demonstrating the flow in the residual
malformation became a useful diagnostic tool in our
department.

Moya Moya and vascular diseases

ASL is now the standard examination for the study and
follow-up of brain perfusion after surgery in Moya Moya
disease and vascular diseases.

ASL and epilepsy

The standard examination to study the brain perfusion
in epilepsy in children is PET or SPECT. In our practice
ASL has replaced it. It shows hyper perfusion during
seizures and hypo perfusion during the inter-ictal
period.

ASL and Autism

Our team and others has demonstrated reduced
perfusion with PET in the temporal region in children
with autism. ASL has replaced PET and shows the same
findings.

Neurovascular coupling

In several diseases abnormal regulation of the brain
perfusion occurs after brain injury. Migraine, near miss
syndrome, stroke-like diseases. ASL allows to a better
understanding the alterations of the neurovascular
coupling.

In conclusion ASL offers a new tool in paediatric
neuroradiology that will replace in many ways PET.
Because of its non invasive nature, its possibility to
quantify blood flow, it will also have a much larger use
than PET.

0-198 9:00 AM - 9:30 AM

Challenges and Opportunities
Complex Pediatric Patient

in Imaging the

Richard L. Robertson, MD

Radiology, Children's Hospital
Boston, MA, USA

PRESENTATION SUMMARY

Imaging of the complex pediatric patient can pose
unique challenges that require attention to details
specific to the child and to their disease state.
Moyamoya is an example of a neurovascular condition
that is illustrative of many issues faced in pediatric
imaging.

Patient size, relative risks of exposure to ionizing
radiation are all important considerations in pediatric
imaging. Children with neurovascular diseases may
have varying degrees of developmental delay, co-
morbidities or hemodynamic sensitivities that must be
accounted for imaging procedures, especially those that
require sedation or anesthesia.

Imaging techniques must be tailored to the
pathophysiology of the child’s disease to avoid mis-
representation of a neurovascular abnormality. For
example, the use of an inappropriately long echo time in
MR angiography in the evaluation of a child with sickle
cell disease may result in signal loss in the branch
vessels of the circle of Willis due to turbulence from a
combination of anemia and sickled cells. This signal loss
may simulate Moyamoya vasculopathy. Since children
with sickle cell disease are at risk for the development
of steno-occlusive vascular changes and stroke, the
appearance of the signal loss on MRA may lead to the
recommendation for catheter angiography. If the signal
loss is not recognized as being artifactual, the child may
be exposed to the risks of angiography unnecessarily.
Imaging of children with neurovascular disorders may
stretch the limits of currently available techniques. An
ideal MR exam in a child with Moyamoya would include
an assessment of cerebral perfusion. Both contrast
enhanced and arterial spin labeled MR techniques are
limited in utility in children with Moyamoya due to the
low velocity of blood flow and the variability in transit
time for different regions of the brain due to the multi-
vessel involvement in this condition.

Procedural safety in children with neurovascular
conditions requires a coordinated team approach. An
appropriate pre-procedural assessment should identify
relevant factors that increase the risk of the procedure.
Intra-procedural safety is achieved through the
combined efforts of a multi-disciplinary team. Post-
procedural care is particularly important in preventing
complications in children with neurovascular disorders.
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0-199 9:30 AM - 10:00 AM

Pediatric Traumatic Brain Injury: What Advanced
Neuroimaging Reveals

Susan Palasis, MD

Radiology, Children's Healthcare Of Atlanta
Atlanta, GA, USA

PRESENTATION SUMMARY

Approximately half a million children sustain traumatic
brain injury (TBI) in the USA each year. These are
children of all different ages, sizes and at a particular
state of development that effect how their brain
responds to an injurious force. Anatomical and
maturational characteristics of the pediatric brain make
it more susceptible to traumatic injury than the adult’s.
There are mechanisms of injury that are unique to the
pediatric population such as non-accidental trauma
(NAT). The forces generated during violent shaking of a
young infant can yield patterns of closed head injury
that can strongly suggest abuse. Another type of injury
that is more often seen in the pediatric population is
sports related “concussion”. The Center of Disease
Control (CDC) and World Health Organization (WHO)
have now replaced this term with “mild traumatic brain
injury” (mTBI). Young children have the highest rates of
mTBI, with sports and bicycle accidents accounting for
the majority of cases in the 5-14 age group.
Approximately 30% of patients with mTBI and
transient post-traumatic amnesia have persistent
symptoms, and a significant number of those have
decreased functional outcome. These findings suggest
that there is an anatomic or physiologic disruption of
the brain that occurs in mTBI. The lack of imaging tools
with sufficient thresholds of detection can lead to
underdiagnosis.

While CT remains the imaging modality of choice in the
setting of acute TBI, MRI can reveal the presence or
extent of brain injury that may not be readily apparent.
Magnetic resonance spectroscopy (MRS), diffusion
tensor imaging (DTI), and susceptibility weighted
imaging (SWI) are some of the advanced MR techniques
that can greatly enhance our ability to detect injury
earlier and more accurately. This is helpful in
subsequent clinical management and prognostication.

Tuesday Morning

8:30 AM - 10:00 AM
Murray Hill

(26) YOUNG PROFESSIONAL
PROGRAMMING: ENTERING AND
THRIVING IN COMMUNITY
PRACTICE

0-200 8:30 AM - 8:45 AM

Welcome to the Real World

John E. Jordan, MD, M.P.P.

Advanced Imaging of South Bay, Inc.
Torrance, CA, USA

PRESENTATION SUMMARY

The challenges, opportunities, and key determinants of
a successful transition into radiology private practice
will be addressed. These factors will be presented
against the backdrop of complex environmental
influences encountered inside and outside of the
practice setting. Successful practitioners require a
broad understanding of the dual role radiologists must
play as clinicians and practice managers. Key elements
of those roles include understanding the business side
of radiology, as well as patient-centered excellence in
clinical care and service delivery. Successful transitions
require that one embrace those roles, and navigate the
practice environment(s) with an eye toward excellence
in patient care. Engaging in quality improvement,
practice efficiency/ flexibility, enhancement of
productivity, and aggressive practice development are
important approaches. Uncovering and promoting
added- value to payers, administrators, colleagues, and
patients through marketing, and service excellence will
always prove a winning strategy, that most can achieve
with the appropriate focus and determination. Flexible
practices with strong leadership, and with mechanisms
to unleash creative solutions to environmental
challenges will thrive, and those individuals adapting
with these traits will be best equipped to transition and
thrive in private practice.

0-201 8:45 AM - 9:00 AM

Understanding the Food Chain

Robert M. Barr, MD

Mecklenburg Radiology Associates, P.A.
Charlotte, NC, USA

PRESENTATION SUMMARY

This session will be a brief review of the “alphabet
soup” of coding, reimbursement, and coverage geared
primarily for residents, fellows, and physicians entering
private practice. What are the CPT and RUC, and why
should Neuroradiologists care? What are RVUs and the




105

RAW? What is CMS'’s role, and what impact does it have
on non-Medicare patients and payors? What about
PPACA, PQRI, DRA, RAC, and LCDs? Quick definitions
will be presented and key points will be highlighted, as
well as simple steps that new physicians in practice can
take to impact change, become involved, and potentially
bring more revenue and better understanding of
payment policy to their practices. Examples will be
drawn from recent experience with general radiology

and Neuroradiology procedures and imaging
techniques.
0-202 9:00 AM - 9:15 AM

The Corporate Environment

Stephen T. Sweriduk, MD

Shields Healthcare Group
Brockton, MA, USA

PRESENTATION SUMMARY

In the past, radiologists career choices were basically
limited to two options, academic radiology and private
practice. Today, radiologists also have the option to
enter the corporate world. Corporate opportunities
include working for private imaging companies,
teleradiology companies, pharmaceutical and industry
companies,as well as radiology benefits management
companies. This talk will focus on the corporate
environment, discussing various advantages and
challenges associated with this career path.

0-203 9:15 AM - 9:30 AM

The HMO Environment

D. Christian Sonne, MD

Radiology, Kaiser Perma Oakland Medical Center
Oakland, CA, USA

PRESENTATION SUMMARY

This presentation is part of a panel discussion about
working in a community radiology practice primarily
directed toward recent and impending graduates.
Presentation will describe working in an HMO
environment as experienced at Kaiser Permanente. Will
compare and contrast to 5 year experience in large
private practice. Will discuss pros and cons of working
in a large institution as a salaried employee including
benefits, work effort, and job/life satisfaction. Will
discuss efficiency (and inefficiency) issues, utilization,
incentives, hospital/physician alignment, interactions
with clinical colleagues and impact of ongoing health
care reforms.

0-204 9:30 AM - 9:45 AM

Making the Transition

David J. Seidenwurm, MD, FACR

Radiological Associates
Sacramento, CA, USA

PRESENTATION SUMMARY

The transition between academic practice and
community practice requires shifting one's focus, but
not too much. Instead of optimizing the design of a
research project for grant funding, or to advance the
progress of basic science, we optimize the design of
systems for the delivery of care to our community. The
existence of a great technique does not help patients if
the service cannot be delivered reliably by your
partners when you are on vacation or assigned to a
different site. Because you have recently been in
academic practice or fellowship, you are expert in the
scientific and technical aspects of neuroradiology, and
can expand and improve the practice you join by
bringing new techniques and concepts to your
community. In order to do this successfully, you must be
able to communicate to your new partners and bring
them up to speed. No service is truly useful until three
radiologists can provide it. Additionally, you must also
develop relationships with referring clinicians that
support your new contributions, while enhancing the
existing practice and the incumbent radiologists. A few
specific suggestions. Take on any assignment offered
you by your new partners. Start with the boring, the
difficult or the frustrating. Do the hardest and most
complex cases. Do that well and you will be
indispensable. Be a teacher. Teach the clinical and
radiological community to inform them of new
developments. Make complex concepts simple. Anyone
can make simple concepts complex. Keep your reports
concise and comprehensible. Try not to suggest too
many further studies. Above all, answer the clinical
question. And above all that, answer the phone!

Tuesday Morning

10:30 AM-12:00 PM
Grand Ballroom Suite

(27a) Adult Brain: Neoplasms II

0-207 10:30 AM - 10:38 AM

Comparison of Dynamic Susceptibility Contrast MR
Imaging Perfusion in Glioblastomas Treated with
Bevacizumab vs Glioblastomas Treated without
Bevacizumab: ENRS Award Winner

Schweitzer, A.-Graber, ]. ].-Young, R. ].-Vaisfeld, ].-Karimi,
S.-Holodny, A. I.-Omuro, A. M.

Memorial Sloan-Kettering Cancer Center
New York, NY
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PURPOSE
Bevacizumab is a monoclonal antibody targeting
vascular endothelial growth factor A (VEGF-A)

approved for treating recurrent malignant gliomas.
Bevacizumab has direct effects on contrast
enhancement and MRI determined vascular perfusion
and permeability that does not necessarily indicate
meaningful antitumoral activity. We hypothesize that
MRI perfusion has limited utility in predicting
progressive disease in patients with recurrent
glioblastoma receiving bevacizumab. We compare
perfusion changes in bevacizumab patients with
perfusion changes in non-bevacizumab patients.

MATERIALS & METHODS

We retrospectively reviewed 34 patients with
glioblastoma who underwent dynamic susceptibility
contrast (DSC) MRI perfusion prior to progression: 18
recurrent patients (median 54 years) treated with
bevacizumab alone (n = 10) or bevacizumab in
combination with other agents (n = 8); and 16 newly
treated patients (median 61 years) who never received
bevacizumab. Diagnosis of progressive disease was
based on the Response Assessment in Neuro-Oncology
(RANO) response criteria. Relative cerebral blood
volume (rCBV), relative peak height (rPH) and
percentage signal recovery (PSR) were measured by the
tumoral regions-of-interest technique. Increases in
rCBV =175, a commonly applied threshold, were
measured. Statistical analysis was performed using
Wilcoxon rank-sum tests and logistic regression.

RESULTS

No difference was found between the bevacizumab and
the nonbevacizumab patients in median rCBV (1.76 vs
2.08, p =.62), percent increase in rCBV (119 vs 17.7,p =
.76), rPH (1.65 vs 1.66, p = .93), or PSR (.80 vs .89, p =
.21). Increases in rCBV =1.75 threshold occurred in
9/18 (50%) of bevacizumab patients and 10/16 (63%)
of nonbevacizumab patients (p = .96) with odds ratio =
.6. When applying the rCBV threshold to bevacizumab
patients, differences were found in rCBV (1.18 if <1.75
vs 2.96 if 21.75, p = .003), percent increase in rCBV (-
11.6 vs 107.5, p =.003) and rPH (1.09 vs 1.99, p =.001)
but not PSR (.79 vs .88, p = .59). Within
nonbevacizumab patients, differences were found in
rCBV (1.32 vs 2.08, p = .001), percent increase in rCBV
(-2.6 vs 71.9, p = .002) and rPH (.95 vs 1.66, p = .002)
but not PSR (.80 vs .89, p =.21).

Figure. Glioblastoma treated with bevacizumab shows
new nodular enhancement (circle left) at the anterior
margin of the resection cavity without increased
rCBV (circle right, to 1.67 from 1.56).

CONCLUSION

Some glioblastomas may not show increased perfusion
prior to progression. Only one half of bevacizumab
patients demonstrated increased perfusion prior to
progression, as compared to nearly two thirds of
nonbevacizumab patients. The differences between high
perfusion and low perfusion groups may reflect the
genetic and molecular heterogeneity of these tumors, as
well as modulation of the perfusion response by
bevacizumab. Additional research is necessary to
develop new imaging tools and improved response
criteria to guide the management of glioblastoma
patients.

KEY WORDS: Glioblastomas

0-208 10:38 AM - 10:46 AM

Simultaneous Perfusion and Permeability MR
Imaging in Brain Tumor Patients

Bammer, R.1*Andre, ].2:Thomas, R.1-Nagpal, S.1-Recht,
L.1-Schmiedeskamp, H.1

1Stanford University, Stanford, CA, 2Washington
University, Seattle, WA

PURPOSE

Cerebral blood volume (CBV) frequently is used to
assess tumor vascularization. Conventional DSC-MRI
suffers from Ti-enhancement in the presence of
contrast agent (CA) leakage and causes CBV to be in
error. In addition, leakage into the extravascular-
extracellular space (EES) affects both R2*- and Rz values
and CBV measurements. To address these
shortcomings, we present the application of a dynamic
gradient- and spin-echo EPI (SAGE) sequence and
combine it with a pharmacokinetic approach to improve
quantitation and to derive the volume transfer
parameter, Kr, between intravascular plasma space
(ISP) and EES for blood-brain barrier (BBB) integrity
testing.

MATERIALS & METHODS
Validation was performed on biopsy-confirmed GBM
patients following chemoradiation therapy and

administration of bevacizumab. The study was IRB
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approved with informed consent obtained from each
patient. MR Scanning: Dynamic SAGE-EPI scans
acquired 4 GRE and 1 SE at every TR (1.8s) during the
passage of a single-dose of gadolinium and allowed for
computation of Rz(t) and R2*(t) maps without Ti-
contamination. Pharmacokinetic Modeling: A two-
compartment model was implemented into the RAPID
software package. The model assumed different
transversal relaxivities for IPS and EES, unidirectional
flow from IPS to EES, and [Gd]ees<<[Gd]irs and allowed
for the calculation of hemodynamic parameters and Kr.

RESULTS

The figure shows different CBV values for conventional
DSC and leakage-corrected CBV maps in areas of CA
extravasation. The T2*-weighted DSC time signal
continues to increase in areas of CA accumulation after
the first pass. For the same area, Rz(t) overestimates the
steady state IPS concentration due to added CA in the
EES. A more accurate estimate of the time course is
achieved when leakage correction is applied, reflected
by an elevated Kr. The most pronounced differences in
uncorrected vs leakage-corrected CBV can be seen at
the rim of the tumor (also seen on post-Gad T1). Low
tumor CBV was seen due to the antiangiogenetic effect
of bevacizumab. Discussion: We were able to correct
hemodynamic parameter maps for confounding
relaxation effects using SAGE DSC-PWI together with a
parameter-free leakage correction. Similar to recent
findings, regular DSC CBV processing underestimates
CBV for leaky tissue. However, Ti-correction alone is
insufficient and yields an overestimated CBV. Cerebral
blood volumes of greater veracity can be obtained by
considering the added distribution volume and
correspoding Tz/T2* effects in the EES.

CBV (uncorrected) Extravasation constant k

CBV (leakage-corrected)

Gradient-Echo (R,*)

Spin-Echo (R))

CONCLUSION

Tumor CBV can be heavily biased by leakage and Ti-
shortening. We recommend employing a multiecho
readout (to eliminate Ti effects) and a permeability
model to both improve accuracy and derive tissue
permeability.

0-209 10:46 AM - 10:54 AM

Diffusion Kurtosis Imaging in the Grading of
Gliomas

Van Cauter, S.1-Veraart, ].2-Sijbers, ].2-Peeters, R. R.1-De
Keyzer, F.1-Van Gool, S.1-Himmelreich, U.3-Sunaert, S.1
1University Hospitals Leuven, Leuven, BELGIUM,
2University of Antwerp, Antwerp, BELGIUM, 3Catholic
University Leuven, Leuven, BELGIUM.

PURPOSE

Current routinely used magnetic resonance (MR)
techniques are often insufficient in accurate grading of
gliomas. In this study, we assessed the diagnostic
accuracy of diffusion kurtosis imaging (DKI) parameters
in grading gliomas. Diffusion kurtosis imaging is an
extension of diffusion tensor imaging, in which the
degree of non-Gaussian diffusion is quantified.

MATERIALS & METHODS

Twenty-seven patients with cerebral gliomas prior to
any treatment (8F/19M; age range: 20-76 years, median
age: 54) underwent DKI imaging at a 3T MR scanner
using a spin-echo diffusion-weighted imaging sequence
with b-values of 0, 700, 1000 and 2800 s/mm?, applied
in 10, 25, 40 and 75 uniformly distributed directions
respectively. Diffusion parameters - mean diffusivity
(MD), fractional anisotropy (FA), mean kurtosis (MK),
radial and axial kurtosis (RK, AK) - were compared in
the solid part of 17 high-grade gliomas (HGG) and 11
low-grade gliomas (LGG) (Mann-Whitney-U, p<0.05
significance, Bonferroni corrected). Mean diffusivity, FA,
MK, RK and AK in solid tumor were furthermore
normalized to the corresponding parameter value in
contralateral normal appearing white matter
(normWM) and the contralateral posterior limb of the
internal capsule(PLIC) after age correction and
compared among tumor grades.

RESULTS

Mean kurtosis, RK and AK were significantly higher in
HGG compared to LGG (p = 0.02, p = 0.015, p = 0.01).
Fractional anisotropy and MD did not differ significantly
between glioma grades. All parameter values, except for
AK, normalized to the contralateral white matter were
significantly ~ different between HGG and LGG
(MK_normWM,  p=0.02; RK_normWM,  p=0.03;
FA_normWM, p=0.025; and MD_normWM, p=0.03).
When normalizing to PLIC, none of the considered
parameters showed significant differences between
HGG and LGG. Highest sensitivity and specificity to
discriminate between HGG and LGG was found for MK
and MK_normWM in solid tumor (71%; 82% and 100%;
73% respectively). Optimal thresholds for MK and
MK_normWM to differentiate HGG from LGG were 0.52
and 0.51 respectively.

CONCLUSION

We demonstrated significant differences in kurtosis
parameters between HGG and LGG, thereby showing
better separation compared to parameters from
conventional diffusion imaging.
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Utility of Intraoperative MR Imaging in Improving
Brain Tumor Resection: Single Center Initial
Experience
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M.-Rosenblum, M.-Kalkanis, S.

Henry Ford Health System

Detroit, MI

PURPOSE

Safe, maximal resection of brain tumors is one of the
most important predictors of patient survival.

Intraoperative magnetic resonance imaging (iMRI) has
improved the outcome in brain tumor patients by
increasing the amount of safe tumor resection. The
purpose of this project is to determine the impact of
intraoperative MRI utilization on brain tumor resection
volumes and operative time.

MATERIALS & METHODS

Patients who underwent craniotomy for brain tumors
with the assistance of iMRI between 02/11-07/11 were
evaluated retrospectively for tumor volumes at three
time points: prior to resection, intraoperatively
immediately following the first resection, and after the
second or final resection, to assess the impact of
intraoperative imaging. Tumor volumes for the
enhancing part of the tumor were assessed using
postcontrast T1-weighted imaging. Resection volumes
were divided into four categories according to the
neurosurgical literature and outcomes data: gross total
resection (GTR) as 100% resection, major resection
(MajR) as 90-99%, subtotal resection (STR) as 50-89%,
and partial resection (PR) as below 50%.

RESULTS

Twenty-eight patients underwent tumor resection using
iMRI during the above time period. Seventeen patients
(gliomas n = 16, metastases n = 1) who underwent
surgery for an intraaxial tumor were included for this
analysis. The first surgical resection prior to
intraoperative imaging resulted in average tumor
volume reduction of 13.6 ml (range of 0 - 57.7 ml; CI
95% - 7.7 ml) and initial percentage reduction of 72%
(0% - 100%; CI 95% - 16.8%) based on volumetric
analysis of the enhancing component. In two cases,
small enhancing nodules were missed on the first
resection and iMRI identified those for subsequent
resection. Fourteen patients (83%) underwent an
additional surgical resection during the same procedure
as intraoperative imaging identified residual enhancing
tumor that was deemed safe for further resection.
Second resection resulted in additional average tumor
volume reduction of 2.6 ml (0 - 10.9 ml; CI1 95% - 1.9 ml)
and a percentage reduction of 25% (3% - 100%; CI 95%
- 17%). After the first resection, two patients (11%) had
GTR, four (24%) had MajR, eight (47%) had STR, and
three (18%) had PR. With the iMRI-assisted second
resection, overall resection grading for the 17 total

patients improved, and the percentage of patients with
GTR increased from 24% to 47%, with only 6% of
patients ultimately having a PR. Overall, combining the
clinically relevant levels of resection (GTR and MajR),
the percentage improved from 35% to 76% with the
use of iMRI. Average intraoperative MRI scan time was
22  minutes. Postoperative clinical follow up
demonstrated four (23%) patients with hemiplegia or
aphasia with three demonstrating improvement or
resolution at outpatient follow up. No significant
postoperative complications were noted related to
aggressive resection.

CONCLUSION

Intraoperative MRI improves safe resection of brain
tumors in a majority of cases without significantly
prolonging the operative time. A high percentage of
patients benefited from intraoperative imaging. The
real-time ability to identify residual enhancing tumor
after initial resection improved the total tumor
resection volume and percentage of patients with
clinically significant tumor resection.

0-211 11:02AM - 11:10 AM

Vasogenic Edema as a Marker of Treatment
Response Demonstrated by MR Imaging in Newly
Diagnosed Glioblastoma Receiving Anti-VEGF
Therapy

Fakhro, S. A.1-Pinho, M. C.2-Jennings, D. L.2-Polaskova,
P.2-Emblem, K.2:Sorensen, A. G.3-Batchelor, T.
T.4-Gerstner, E. R.4

1Athinoula A. Martinos Center for Biomedical Imaging,
Massachusetts General Hospital and Harvard Medical
School, Manama, BAHRAIN, 2Athinoula A. Martinos
Center for Biomedical Imaging, Massachusetts General
Hospital and Harvard Medical School, Boston, MA,
3Seimens Medical Solutions, Malvern, PA,
4Massachusetts General Hospital Cancer Center, Boston,
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PURPOSE

To evaluate if the presence of vasogenic edema might be
a predictive marker of treatment response in newly
diagnosed glioblastomas receiving a vascular
endothelial growth factor (VEGF) signaling tyrosine-
kinase inhibitor (cediranib) as adjuvant therapy in

addition to conventional  temozolomide-based
chemoradiation.

MATERIALS & METHODS

Thirty-seven  patients with  newly diagnosed

glioblastomas were scanned at 3 T at two independent
time points before adjuvant therapy (i.e., cediranib in
combination with standard chemoradiation). Diffusio
tensor imaging was performed at a TR = 7500 ms and
TE = 84ms with b-values of 0 and 700s/mm?2 in 42
directions. Nonenhancing tumor regions (NETRs) were
obtained by subtracting areas of contrast enhancement
and necrosis from manually outlined regions of interest
containing the entire MRI tumor abnormality. Based on
published imaging criteria, a neuroradiologist with
experience on brain tumor imaging (blinded to
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posttreatment outcome and DTI data) classified the
NETRs into predominantly nonenhancing tumor,
predominantly vasogenic edema or mixed/unspecific
cases. According to the radiologist's assessment, six
tumor NETRs were classified as predominantly
vasogenic edema and 15 as predominantly
nonenhancing tumor. Sixteen patients had mixed
components or were unclassifiable due to small
volumes of residual tumor. The calculated NETR
volumes from days 1, 8, 43, and 50 were compared for
each group, and the greatest percent volume reduction
in the NETR compared to baseline was considered the
best response for each patient. Median values of FA and
ADC histograms of the NETR were compared between
the neuroradiologist-classified groups.

RESULTS

The median volume percent change relative to baseline
(best response) in the predominantly vasogenic NETR
(VNETR) group was found to be significantly higher
than that of the predominantly infiltrative NETR
(INETR) group (-71.55% versus -32.52%; P<0.01). The
FA values in the VNETR were found to be significantly
lower than those of the INETR (median values 0.24
versus 0.28; Mann-Whitney test P<0.05). Half (3/6) of
the VNETR ADC histograms had clearly defined bimodal
distributions while all of the INETR (15/15) ADC
histogram distributions were unimodal.
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gure 1: The predominantly vasogenic NETRs show a greater decreases in
volume during the first 50 days of antiengiogenic treatment that the
predominantly infiltrative NETRs

CONCLUSION

It is a clinically relevant goal to validate imaging
features that might be useful to select patients who
would most benefit from expensive therapies that
induce significant side effects. In this study, patients
that were stratified qualitatively as VNETR
demonstrated a significant response to cediranib.
Furthermore, the quantitative analysis of NETR
volumes in these two cohorts demonstrated differences
in FA median values and ADC histogram distributions,
which supports the concept that they do have different
tissue microstructures.

KEey WoRbDs: MR imaging, glioblastoma, infiltration
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Characterization of Brain Tumors Using BOLD
Resting-State Functional Connectivity Maps: A Pilot
Study

Chow, D. S.-Horenstein, C. l.-Grinband, J.-Jambawalikar,
S.-Delapaz, R. L.

Columbia University Medical Center
New York, NY

PURPOSE

BOLD fMRI and functional connectivity are used
increasingly for preoperative planning, prior to brain
tumor resection. This functional information helps
guide the extent of tumor resection and surgical

trajectory. Brain tumors incite multiple
pathophysiologic changes, including  vascular
compression or invasion, arteriovenous shunting,

angiogenesis with proliferation of immature vessels
lacking autoregulation and intratumoral hemorrhage,
that alter intracerebral blood flow and may lead to
decoupling of the neurovascular response. This study
investigates whether BOLD functional connectivity
mapping also can provide information about tumor type
and pathologic classification.

MATERIALS & METHODS

Retrospective review of 13 patients who had resting
state BOLD fMRI at 3 T, prior to tumor resection (3
meningiomas, 2 metastatic adenocarcinomas, 1
anaplastic glioma, 7 glioblastomas). Motion and slice
timing corrections were performed on the raw datasets.
Two different functional connectivity (FC) maps were
generated. Each voxel timeseries was correlated to its
26 nearest neighbors, to derive a measure of local
(short range) connectivity. Each voxel timeseries was
correlated to every other voxel in the brain, to derive a
measure of global (long range) connectivity. Both FC
maps were coregistered to structural images using
FSL/FLIRT. Patterns of functional connectivity within
the tumor and peritumoral white matter were
characterized qualitatively.

RESULTS

One meningioma demonstrated high connectivity on the
local FC map, which spatially corresponded to low ADC
values. Otherwise the meningiomas had low
connectivity on the FC maps. All three meningiomas
were well delineated on the FC maps, with accurate
spatial extents, compared to T1 postcontrast images.
Peritumoral brain parenchyma had normal connectivity
values, relative to the contralateral side. One metastasis
demonstrated local and global connectivity values
similar to peritumoral white matter, masking the true
extent of the lesion. The other metastasis demonstrated
intermediate local FC values, between cortex and white
matter, and global FC values, lower than cortex and
white matter, allowing for good visualization of the
lesion, with an accurate spatial extent. Peritumoral
white matter demonstrated normal connectivity values.
The anaplastic astrocytoma demonstrated high local
connectivity with accurate delineation of the tumor on
the FC map, and normal peritumoral connectivity. The
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global FC map was degraded by artifact and was
uninterpretable. One glioblastoma had local and global
FC values similar to white matter, resulting in poor
visualization and delineation of the tumor. One
glioblastoma had high local and low global FC values,
with good delineation of the tumor and accurate spatial
extent. The other five glioblastomas had predominantly
low connectivity on both the local and global FC maps,
but two of these tumors showed patchy area of
increased connectivity, which spatially corresponded to
low ADC values. Two of the seven glioblastomas also
had abnormal peritumoral functional connectivity
values.

CONCLUSION

Due to alterations in BOLD signal, most tumors easily
were visualized on functional connectivity maps. Two
glioblastomas and one meningioma demonstrated focal
regions of increased local (short range) connectivity,
that spatially correlated with decreased ADC values.
Two of the glioblastomas had abnormal functional
connectivity in the peritumoral white matter, possibly
reflecting their invasiveness. Further quantitative
analysis is required to determine whether different
class of tumors are associated with different signatures
on BOLD imaging.

Key WOoRDs: BOLD, functional connectivity, brain
tumors
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Localization of Eloquent Cortex Using Resting-State
Functional MR Imaging

Shimony, ]. S.-Lee, M.-Hacker, C.-Zhang, D.-Mitra,
A.-Snyder, A.-Leuthardst, E.

Washington University Medical School
St. Louis, MO

PURPOSE

Currently, a challenge in the surgical treatment of brain
tumors is to preserve eloquent areas of brain function
while maximizing the extent of resection. The current
gold standard for localization of eloquent cortex is
direct electrocortical stimulation (DECS), during an
awake craniotomy where the patient is able to
participate in various cognitive tasks. The requirement
for patient cooperation limits its use in a significant
number of patients (e.g., children and medically tenuous
patients) and thus prohibits an optimal resection for
these individuals. Similarly task functional MR imaging
(fMRI) requires patient cooperation. Resting-state
functional connectivity MRI (fcMRI) has emerged as an
alternative method for localization of brain networks
that requires no active patient participation and can be
done under sedation. The purpose of this study was to
explore the use of fcMRI for localization of eloquent
cortex in patients with brain tumors.

MATERIALS & METHODS

Fourteen subjects with a new diagnosis of brain tumor
or metastasis were recruited prior to surgery. Twenty-
one normal controls were scanned identically as part of

a different study. In addition to anatomical imaging,
subjects also were scanned using BOLD sensitized
resting state fMRI on a 3 T Siemens Allegra MR. For
comparison, subjects also were scanned using a block
design motor and language tasks, which were processed
using standard techniques. Resting state analysis was
performed using either a seed-based approach by
placing seeds in the undistorted contralateral side of the
brain. Alternatively, independent component analysis
(ICA) was used to identify either the somatomotor or
language networks.

RESULTS

The somatomotor cortex was identified consistently in
all subjects using seed placement in the hand motor
area in the undistorted side contralateral to the tumor
using atlas coordinates. Identifying the language
network required a more variable set of tools,
depending on the tumor location. Placement of a seed
region in Broca or Wernicke’s regions was not always
possible when tumors cause severe distortion of the left
hemisphere. ICA analysis provided a robust alternative
method of identifying the language network in distorted
brain. Following identification of components of the
language networks in ICA, these were checked by
placement of seed regions and by comparison with the
task-based fMRI scans.

CONCLUSION

Resting-state fcMRI can provide useful information on
the location of eloquent cortex for presurgical planning
and can be performed in many patients that can’t
benefit from traditional fMRI.

KEY WoRDS: Functional MR imaging, brain neoplasm
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Characterization of Brain Tumors Using
Quanititative Susceptibility Mapping: A Pilot Study

Horenstein, C. I.-Chow, D. S.-Jambawalikar, S.

Columbia University Medical Center
New York, NY

PURPOSE

Quantitative susceptibility mapping (QSM) combines
the magnitude and phase information from an
susceptibility-weighted imaging (SWI) sequence to
estimate  tissue susceptibility, independent of
acquisition parameters. The susceptibility of water is
defined as zero. Positive QSM values reflect
paramagnetic tissue and negative values reflect
diamagnetic tissue. We characterized the distribution of
tumoral and peritumoral susceptibility within different
classes of tumor, and tested the following hypotheses:
1) intratumoral susceptibility increases with glioma
grade, 2) glioblastomas have increased peritumoral
susceptibility, compared to metastases, 3) intratumoral
calcification on CT-scan spatially correlates with
negative QSM values.
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MATERIALS & METHODS

We retrospectively analyzed 19 brain tumors (4
metastatic adenocarcinomas;1 metastatic renal cell
carcinoma (RCC); 5 meningiomas; 1 hemangioblastoma;
1 low-grade glioma(LGG); 3 intermediate-grade gliomas
(IGG) and 4 glioblastomas (GBM)). Quantitative
susceptibility maps were generated using MEDI, and
coregistered to structural imaging. For intersubject
comparisons, QSM values were transformed into z-
scores, based on a control ROI in the contralateral white
matter. Tumoral and peritumoral ROIs were hand
drawn in AFNI on the structural datasets. ROI histogram
analysis was performed in matlab.

RESULTS

Displaying QSM maps in grayscale was better for
visualizing normal anatomy. Displaying QSM maps as
color overlays facilitated detection of intratumoral and
peritumoral signal changes. Higher grade gliomas
demonstrated a greater number of highly positive
voxels, but also a greater number of highly negative
voxels, resulting in small, variable shifts in the mean
QSM values. Histogram analysis suggests that the
standard deviation (std) of intratumoral QSM values
(LGG:0.62; 1GG:2.11; GBM:297) or range of
intratumoral QSM values [LGG:(-2.2 to +3.1); IGG:(-21.4
to +21.3); GBM:(-21.5 to 40.9)] better correlate to
tumor grade than mean intratumoral QSM value.
Histogram kurtosis (LGG:3.02; 1GG:6.93; GBM:13.58)
and skewness (LGG: 0.03; IGG: 6.93; GBM: 13.58) both
increased with tumor grade. The mean and std of
peritumoral QSM was similar between GBMs(-0.01+/-
1.48) and metastases(-0.05+/-1.31); however GBMs had
a wider range of peritumoral QSM values (GBM:(-15 to
+18.7); met:(-7.6 to +9.7)]. The results are confounded
by the inclusion of an RCC metastasis, which has higher
tumoral and peritumoral QSM values than the
adenocarcinomas, due to blood products. If only
adenocarcinomas are considered, group differences
between GBMs and metastases are accentuated. GBMs
demonstrated higher peritumoral kurtosis (GBM:17.94;
mets:6.04) and skewness (GBM:1.04; met:0.40). Due to
small sample sizes, the above results were not
statistically significant. Visual inspection revealed that
calcifications on CT scan were correlated spatially with
negative QSM values. Several tumors displayed highly
negative QSM  values without corresponding
calcification on CT, an unexpected finding.

CONCLUSION

Quantitative susceptibility mapping is a novel MRI
technique for characterization of brain tumors. Pilot
data suggests that higher grade gliomas are associated
with a wider range on intratumoral susceptibility than
lower grade gliomas and that the GBMs are associated
with a wider range of peritumoral susceptibility than
metastases. Further evaluation is needed to determine
whether these differences are significant between
tumor classes. CT calcification had high spatial
correlation with negative QSM voxels; however, several
tumors displayed highly negative QSM values without
corresponding calcification on CT, an unexpected
finding. Further study is needed to define the sources of
susceptibility as measured by QSM.

KEY WORDS: Quantitative susceptibility mapping, brain
tumor, Susceptibility-weighted imaging
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Noninvasive Differentiation of High-Grade and Low-
Grade Glioma: A Pulsed Arterial Spin Labelling
Study Using Relative Tumorous Blood Flow Values
from Multiple Inversion Time Points

Furtner, J.-Schoepf, V.-Kasprian, G.-Weber, M.-Widhalm,
G.-Wolfsberger, S.-Preusser, M.-Hainfellner, ].-Prayer, D.

Medical University Vienna
Vienna, AUSTRIA

PURPOSE

Pulsed arterial spin labelling (pASL) is a noninvasive
MRI perfusion method using the water in the arterial
blood as endogenous contrast agent. The purpose of this
study was to determine the most suitable pulsed
arterial spin labelling inversion time point (TI) for the
differentiation between high-grade and low-grade
glioma, using a multi-TI-pASL approach which tracks
the labelled bolus dynamically over time.

MATERIALS & METHODS

Thirty-three patients with gliomas, histologically
classified as low-grade (n = 7) or high-grade gliomas (n
= 26) according to the WHO brain tumor classification
were included. A 3T MR scanner (Trio; Siemens Medical
Solution, Erlangen, Germany) was used to perform pASL
sequences at eight different inversion time points (370
ms, 614 ms, 864 ms, 1114 ms, 1364 ms, 1684 ms, 1864
ms, 2114 ms). The relative tumorous blood flow (rTBF)
for all fixed inversion time points was calculated. A
three-way mixed ANOVA was used to reveal potential
differences in the rTBF between high-grade and low-
grade gliomas.

RESULTS

The difference of rTBF between high-grade and low-
grade gliomas obtained statistically significant results at
370 ms (p = 0.003) and 640 ms (p = 0.012). No
significant differences of signal intensity between high-
grade and low-grade gliomas were obtained for all
other inversion time points (p-values ranged from
0.129 to 0.955).
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ONCLUSION

Our findings suggest that the most suitable inversion
time point for differentiation of high-grade from low-
grade glioma using pulsed arterial spin labelling is 370
ms. The application of the investigated pASL-inversion
time point in this study will enable the noninvasive and
fast characterization of such tumors in the future.

Key WORDS: Arterial spin labelling, brain tumor,
relative cerebral blood flow

0-216 11:42 AM - 11:50 AM

Characterization of the Metabolic Changes at the
Diffusion Tensor Defined Invasive Margins of
Glioblastoma Using MR Spectroscopy

Young, A. M. H.-Thomas, O. M.-Mosen, L. A.-Frary, A.
J.-Lupson, V. C.-Price, S. .

Addenbrooke's Hospital
Cambridge, UNITED KINGDOM

PURPOSE

Local white matter invasion is a key pathologicl
hallmark of glioblastoma (GBM) and the major cause of
treatment failure. Identification of the invasive tumor
margin cannot be done on conventional MR imaging but
is essential for appropriate treatment planning. Our
work with diffusion tensor imaging (DTI) has shown it
can accurately determine the invasive margin of
gliomas. However, little is known about the metabolic
activity of these regions. In this study, we have used
magnetic resonance spectroscopy (MRS) to determine
the metabolic profiles in the invasive region and
compared this to normal-appearing white matter (both
contralateral and adjacent, ipsilateral hemisphere white
matter). In this way, we aim to characterize the changes
in metabolic activity associated with tumor invasion.
Materials & Methods

The study group comprised 35 patients with newly
diagnosed, subsequently histologically confirmed
glioblastomas (24 males, 11 females; mean age 55,
range 30 - 68 years). Imaging was performed at 3 T
(Siemens TrioTim). Preoperatively, all patients
underwent MR imaging which included DTI and
multivoxel, short echo time (TE = 35ms) MRS sequences

as well as routine clinical imaging (T2, FLAIR and pre
and postcontrast T1 imaging) was used to plan the 2-
dimensional MRS grid position. The isotropic (p) and
anisotropic (q) components of the diffusion tensor were
calculated as previously described. Comparing these
parameter maps, peritumoral invasion was identified by
those regions that demonstrated an increase in the
isotropic component (p) but that had normal
anisotropic diffusion (q). These regions then were used
to select appropriate MRS voxels of interest for analysis
and compared to normal-appearing adjacent and
contralateral white matter. MR spectroscopy was
analyzed using LCModel. The statistical significance of
the measured metabolites was determined using an
ANOVA (Tukey-Kramer multiple comparisons test;
Sigma Plot 5, Systat). The significance level was taken as
a p value of less than or equal to 0.05.

RESULTS

Seventeen metabolites presented sufficient data to
perform the statistical analysis. Of these, seven
metabolites demonstrated significant concentration
differences in the invasive region compared to normal-
appearing white matter. The invasive margin
demonstrated a reduction in N-Acetylaspartate (NAA; p
= 0.03) and Myo-inositol (Ins; p = 0.007), suggesting a
reduction in neuron and astrocyte density respectively.
Creatine (Cr) also was found to be significantly
decreased in the invasive margin (p = 0.008).
Interestingly, the phosphocreatine (PCr) appeared
increased, but this did not reach statistical significance
for the current sample size. Glutamate (Glu; p =0.008)
and the glutamate/glutamine cycle (Glx; p = 0.008) also
demonstrated significant reduction in the invasive
margin compared to adjacent white matter suggesting
disruption of the glial-matrix integrity. Comparisons
between normal-appearing and contralateral white
matter demonstrated no difference.

CONCLUSION

We have observed, for the first time to our knowledge, a
number of metabolic changes within the invasive tumor
margin as defined by DTI imaging. These suggest
underlying alterations in neuron and immune -cell
density as well as shifts in signalling metabolites
fundamental to neuronal function.

KEeY WoRDSs: Glioma, MR spectroscopy, invasive margin
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MR Hypoxia Index: Detecting Hypoxic Regions
within Gliomas
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PURPOSE

An intratumoral hypoxic microenvironment promotes
the development of stem cells, which in turn play an
important role in tumor genesis, progression and
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therapy resistance. In vivo identification of hypoxic
regions in the brain is a target of new MRI techniques
aiming at the noninvasive measurement of blood
oxygenation. The detection of hypoxic niches in gliomas
may predict the malignization of a low-grade tumor and
hypoxic areas may serve as a hot spot for radiation
therapy planning. In this work, a semiquantitative
parameter, the Hypoxia Index is presented as a tool for
a functional characterization of gliomas.

MATERIALS & METHODS

In a pilot study four healthy subjects (1 female, age 32.5
+ 15.2 years) and 20 patients (9 females, age 54 *+ 24.6
years) with brain tumors were examined (histological
grades: °Il in 2 cases, °lll in 4 cases and °IV in 14 cases).
In addition to our conventional protocol measurements
of transverse relaxation times T2* and T2 as well as of
DSC-CBV were performed on a 3 T Philips Achieva. R2’ =
(1/T2*-1/T2) is sensitive for local susceptibility
differences between blood and tissue and thus
correlates with the blood oxygenation level. According
to Yablonskiy and Haacke oxygen saturation Y = (1-q)
and deoxygenation is related to q = R2’/(c-:CBV) where c
= 4/3-y-m-Ax-Bo. The Hypoxia Index (HI) is calculated as
a ratio of q/qmax with a threshold of Qmax =
median(q)+3*o(q) and hypoxia maps are created, which
show increased hypoxia values as hyperintensities.
Evaluation was performed with custom programs in
MATLAB and SPM8. In two patients histological
correlation was performed on intraoperatively sampled
biopsy probes.

RESULTS

R2" maps from healthy volunteers rendered
homogenous maps with increased values in the basal
ganglia due to iron deposition as well as in areas of
macroscopic  magnetic  susceptibility = gradients.
Standard values for gray and white matter were
collected. In nine patients we found hypoxic regions
either in the contrast-enhancing solid tumor or in the
non -enhancing infiltration zone. Hypoxia could be
confirmed by HIFla immunohistochemistry in biopsy
probes from hypoxic areas. In other cases the
hyperintense signal corresponded to tumor necrosis or
intratumoral bleeding. In one patient a postoperative
ischemic lesion appeared hypoxic on the maps.

CONCLUSION

The Hypoxia Index is a new parameter able to detect
hypoxic areas within brain tumors in the clinical setting.
A systematic correlation of the hypoxia maps with

histology (HIFla staining) and PET (18F-FMISO) is
being performed at our center.

KEey WoORDSs: Hypoxia, glioma, relaxometry
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Combined MR Imaging and Positron Emission
Tomography Methionine Imaging for Assessing
Pituitary Residual Secreting Adenomas in Surgically
Treated Patients

Pezzulo, M.-Goldmann, S.-Massager, N.-Devuyst,
F.-DeWitte, O.-Balériaux, D.

Universite Libre de Bruxelles
Brussels, BELGIUM

PURPOSE

Postoperative evaluation of ptituitary adenomas is
challenging and often extremely difficult. The combined
use of positron emisison tomography (PET) methionine
and MR imaging for identifying pituitary secreting
residual adenomas in surgically treated patients as
complementary imaging methods has become a routine
and extremely useful procedure in our institution. The
purpose of this presentation is to summarize the results
of this experience.

MATERIALS & METHODS

Fifteen patients known for having pituitary adenomas
surgically treated previously and with persisting
endocrinopathy from hormonal hypersecretion,
underwent MR imaging with high resolution T2 and T1
sequences, dynamic contrast-enhanced T1 acquisitions
as well as a 3D T1 sequence for coregistration with a
subsequent PET methionine scan.

RESULTS

In 12 patients there was a good anatomical
correspondence of the dynamic-enhancing MR features
and the functional methionine hypercaptation
delineating the residual adenoma; in one patient there
was no methionine selective captation in the supposed
residual GH secreting adenoma explained by the
medical hormonal treatment; in one patient the MR
failed to identify the residual adenoma within a largely
surgically rearranged parenchyma while the PET clearly
identifies the lesion; in one patient MR imaging
suggested the presence of a residual adenoma while
there was no hypercaptation at PET imaging: therefore,
follow up rather than surgical treatment was chosen.

CONCLUSION

We recommend the combined use of morphologic and
functional imaging of the sellar region in patients
surgically treated for pituitary adenomas with
persisting endocrinopathy. This approach allows better
and more reliable identification of a residual
microadenoma in order to plan further surgical or
medical treatment.

KEY WORDS: Pituitary adenoma, MR imaging, PET
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Relationship between Language Lateralization and
the Corpus Callosum in Brain Tumor Patients Using
Functional MR Imaging and Diffusion Tensor
Imaging

Tantillo, G.-Holodny, A.-Lyo, ].-Brennan, N.-Peck, K. K.

Memorial Sloan-Kettering Cancer Center
New York, NY

PURPOSE

Previous research demonstrates a correlation between
language lateralization and corpus callosal (CC)
morphology in healthy subjects. We assessed the
relationship between the CC microstructure and degree
of language lateralization in patients with left
hemispheric tumors to examine how brain pathology
influences language lateralization. Functional MRI was
used to measure neural activation, and diffusion tensor
imaging (DTI) fractional anisotropy (FA), a measure of
diffusion directionality, was used to measure the
microstructure of the CC.

MATERIALS & METHODS

Twenty right-handed and one left-handed patient with
left hemispheric brain tumor were studied. The tumors
were centered in or directly adjacent to the expected
location of Broca’s area. Functional MRI and DTI studies
were performed on a 3 T GE scanner using EPL
Functional images were acquired with TR/TE =
4000/40 ms; 128x128 matrix; 4.5 mm thickness. Image
analysis was performed with AFNI software. Functional
activity from language tasks (phonemic and semantic
fluency) was generated using cross-correlation analysis.
Regions of interest (ROI's) were drawn using
anatomical landmarks and the number of activated
voxels were counted for Broca and Wernicke’s areas.
The lateralization index was calculated using the
formula LI = (L-R)/(L+R), and subjects were classified
as right-dominant (RD), codominant (CD), or left-
dominant (LD). For DTI analysis, color fractional
anisotrophy (FA) maps were generated. Regions of
interest of the anterior, posterior, and body of the
corpus callosum were drawn. The FA in the ROIs were
calculated and then averaged per region of the CC for
statistical analysis.

RESULTS

Average FA were compared across the three Broca
group, with the CD group having higher FA than either
the LD or RD group. There was a statistically significant
difference between CD and RD patients (p = 0.013). The
difference between LD and CD Broca groups

approached significance (p = 0.091), but did not reach
it. The average FA also were compared across the three
Wernicke groups, where there were no differences (p =
0.3). Patients were further classified into a “lateralized”
or “codominant” groups based on the LI. For Broca’s
area, codominant groups had significantly higher FA
than lateralized groups (p = 0.02 ).

CONCLUSION

As a group, patients who were LD or RD for language in
Broca’s area ROI's had lower FA in the anterior CC than
those who were CD for language. When patients were
sorted into lateralized vs codominant groups,
codominant patients also had higher FA in the anterior
CC than patients who displayed strong lateralization in
either the left or right hemisphere. The greater FA in
codominant patients may reflect a more directional
microstructure for the CC in this region, suggesting a
greater need for interhemispheric transfer of
information. The presence of a brain tumor that
encroaches upon functional cortical areas may trigger
cortical reorganization as the brain adapts to tumor
infiltration. This plasticity may be reflected in
codominance as homologous language areas in the
contralateral hemisphere may be recruited to assist in
functional language tasks.

KEey WOoRDs: Functional MR imaging, diffusion tensor
imaging

0-220 10:38 AM - 10:46 AM

Relationship between White Matter Tracts and
Outcomes in Patients with Intracranial Tumors as
Demonstrated on Diffusion Tensor Imaging

Gilloon, B.-Swan, B.!-Huss, D.!-Greenstein, M.2-Voss,
J.2:Holdsworth, R.!*Moritz, C.1-Nair, V.1-Field, A.1*Kuo,
J.1*-Meyerand, E.1-Prabhakaran, V.1

1University of Wisconsin School of Medicine and Public
Health, Madison, WI, 2University of Wisconsin, Madison,
WI

PURPOSE

Language deficits commonly are observed in patients
afflicted with brain tumors after undergoing a surgical
resection. Yet, the factors underlying the cause of this
morbidity is not well understood. Similarly, even when
controlling for tumor grade and stage, patient survival
or mortality varies considerably. Our objective is to
elucidate the relationship between tumor proximity to
various white matter tracts in the brain and morbidity
and mortality in these patients.

MATERIALS & METHODS

Adult patients with brain tumors (n = 32) underwent
preoperative diffusion tensor imaging (DTI) scans.
These scans were analyzed and three major brain
pathways identified. These are the right and left
superior longitudinal fasciculi and the cingulum. Patient
records were reviewed to determine postoperative
language deficits as well as mortality information.
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RESULTS

Preliminary analyzes of the patients showed that there
was a significant linear relationship between the
distance of the tumor to the right (p = 0.013) and left (p
= 0.002) superior longitudinal fasciculi and language
deficits, with greater distances resulting in lesser
impairment. There was also a significant increase in
postoperative life span related to increasing tumor
distance from the cingulum (p = 0.043). analyzes of
these patients are still underway and more patients are
being added to the study as further DTIs are performed.

CONCLUSION

There existed a linear relationship between the distance
of the tumor to either the right (p = 0.013) or left (p =
0.002) superior longitudinal fasciculus and the presence
of a postoperative language deficit. Patients who had
tumors further away from their cingulum had longer
postsurgical survival times (p = 0.043).

Key WoRbDs: Diffusion tensor imaging, brain tumor,
functional MR imaging

0-221 10:46 AM - 10:54 AM

Probabilistic Fiber Tracking of the Language and
Motor White Matter Networks of the Supplementary
Motor Area in Patients with Brain Tumor

Jenabi, M.-Peck, K. K.-Young, R. J.-Brennan, N.-Holodny,
AL

Memorial Sloan-Kettering Cancer Center

New York, NY

PURPOSE

Accurate localization of the white matter pathways to
and from the supplementary motor area (SMA)
including SMA proper and pre-SMA is important for
neurosurgical planning and to precisely determine if a
lesion (tumor, infarct, etc.) correlates with a neurologic
deficit. This study investigates the existence, location
and relationship of pathways between the SMA and
Broca’s area using fMRI and probabilistic diffusion
tensor tractography in patients with brain tumors.

MATERIALS & METHODS

Twenty patients (10 males; mean age 43.8 years) with
brain tumors (16 primary, 4 secondary) located in or
adjacent to language pathways were studied. Functional
MRI paradigms were performed on a 3 T scanner using
gradient-echo echo-planar imaging (TR/TE = 4000/30
ms, 128 x 128 matrix, 90 flip angle, 4.5 mm slice
thickness). We used block design motor (finger tapping)
and language (phonemic fluency) paradigms. Diffusion
tensor imaging was acquired using a single shot spin-
echo echo-planar imaging with 25 noncollinear
directions. Functional activity during the language task
and the motor task was analyzed using analysis of
functional neuroimaging (AFNI). Peak activated voxels
were selected to define the SMAianguage, SMAmotor and
Broca’s area seed regions for probabilistic fiber tracking
performed with DTI&FiberTools (University Hospital,
Freiburg, Germany) implemented in Matlab.
Probabilistic tracts between SMAianguage and Broca’s area

as well as SMAmotor and Broca’s area were generated. To
evaluate the degree of the fiber connectivity, the
number of voxels (volume), mean and standard
deviation of each tract of individual patients were
compared by using paired Student t-tests.

RESULTS

Probabilistic tractography successfully showed the
connectivity between SMAlanguage and Broca’s area and
between SMAmotor and Broca’s area in both hemispheres
via two, separate, unique paths for all subjects. The
SMAlanguage path was significantly more prominent than
the SMAmotor path in the degree of probabilistic
connectivity (p<0.0003) and number of voxels
(p<0.0003), independent of the location or laterality of
tumors. No difference was found between the sides for
the SMAlanguage path (degree of connectivity: p<0.58 and
number of voxels: p<0.48) or SMAmotor path (degree of
connectivity: p<0.69 and number of voxels: p<0.56).

Figure. Oblique sagittal cut-away of 3D volume rendered probabilistic tractography shows
the separate SMA, red) and SMA, .., (blue) pathways. The fMRI activated Broca’s area
(magenta), SMA,,, ellow)and SMA,_ ., (green) voxels used to seed the pathwaysare
alsolabeled

CONCLUSION

Combination fMRI and probabilistic tractography
identified two unique white matter pathways between
Broca’s area and SMAinguage and SMAmotor. The
connectivity between Broca’s area and SMAianguage Was
stronger in all cases. Further work is necessary to
determine the potential benefit of localization of these
pathways for treatment decisions, such as in
preoperative planning in patients with brain tumors.

Key WoRbDs: Diffusion tensor imaging, probabilistic
fiber tracking, supplementary motor area

0-222 10:54 AM - 11:02 AM

Using a Functional Geometry Atlas to Map Brain
Networks Affected by Tumor Growth

Langs, G.1-Sweet, A.2-Lashkari, D.2-Tie, Y.3-Rigolo,
L.3-Golby, A. ].3-Golland, P.2

IMedical University of Vienna, Wien, AUSTRIA,
ZMassachusetts Institute of Technology, Cambridge, MA,
3Harvard Medical School, Boston, MA

PURPOSE

We propose a method that uses an atlas of functional
connectivity patterns derived from healthy individuals
to predict the location of corresponding networks in
brains that exhibit pathology. The goal is to match
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functional connectivity structures across subjects, even
if substantial reorganization has occurred, and
anatomical correspondences are not reliable.

MATERIALS & METHODS

We conducted experiments on language fMRI data of 13
subjects (6 control subjects, 7 tumor patients, for whom
language areas were affected by the tumor). A
functional geometry atlas was built from the control
population. It captures the global connectivity structure
that emerges during the cognitive task (antonym
generation) while fMRI is acquired. For each subject we
performed GLM analysis to detect activated areas.
Subsequently a functional geometry map was built for
the fMRI data of each tumor patient. Each map was
matched to the atlas, and the activations in the control
population were used to predict activation in the tumor
patients. For comparison we conducted the same
matching with an anatomical atlas (MNI). For this, we
registered the anatomical T1 MRI data to a T1 MNI atlas
template using FSL software. We compared the overlap
between activated areas detected in the tumor patients,
and the predicted activations. We used Dice score to
quantify the overlap between predicted areas, and
activated areas in the tumor patients.

RESULTS

The activation prediction based on the functional
geometry atlas results in better overlap for all activated
regions and activation p values smaller than 0.05. The
average Dice score for functional matching is 0.1 to 0.2
higher than for anatomical mapping.

CONCLUSION

Mapping of functional networks across subjects based
on the functional connectivity structure is feasible. The
accuracy of matching functionally corresponding
regions is higher compared to registration based on
anatomy. This is particularly relevant in cases where
substantial reorganization has occurred, such as in
tumor patients. Future application of the method is the
study of reorganization processes, and a support for the
presurgical mapping of functional areas in tumor
patients.

KEeY WORDS: Functional geometry, functional networks

0-223 11:02AM - 11:10 AM

Predicting Progression-Free Survival with Relative
Cerebral Blood Volume in WHO Grade III Tumors

Mangla, R.-Ekholm, S.

University of Rochester
Rochester, NY

PURPOSE

We have studied the correlation between preoperative
relative cerebral blood volume (rCBV) and prognosis of
WHO grade III tumors. The hypothesis was that grade
III tumors with high rCBV are more likely to behave as
glioblastoma multiforme and would have a poor
prognosis, whereas those with low rCBV are more likely
to have favorable outcome, like low-grade glioma.

MATERIALS & METHODS

We have studied 34 patients (mean age = 39.6 years, 21
males and 13 females) who were diagnosed
histopathologically as grade Il anaplastic tumors and
also had a preoperative MR perfusion scan . These
include 20 cases of pure astrocytic tumor and 14 with
oligodendroglial (OG) component. An increase in tumor
size of 25 % on T1 contrast-enhanced images, or decline
in the Karnofsky performance score were considered as
progression.

RESULTS

For all grade III tumors (n = 34) mean rCBV was 2.56 *
1.38 with a progression-free survival (PFS) of 492 + 397
days. The mean rCBV of anaplastic astrocytomas (n =
20) was 2.46 = 1.27 with PFS 453 + 361 days. In
contrast the mean rCBV of OG group (n = 14) was 2.70
1.57 with a PFS of 946 + 556 days. For grade III tumors
as a group PFS was 1552.5 days (* 224.9) when rCBV
was 2.06 (p = .001). For the anaplastic astrocytomas
PFS was 851.6 # 1711 and 301.3 * 744 days,
respectively (p<.00001 by log rank test). In the
presence of an oligodendroglial component the PFS was
1740.5 £ 259.3 and 1422.6 + 306.4 days comparing
tumors with a high and low rCBV, respectively (p<.138
by Log Rank Mantel-Cox).

Figurel a Figurelb.
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Figurela. Kaplan-Meier survival curves for all grade III
tumors as a group, showed a difference in survival
related to rCBV [22.06 (blue) and <2.06 (green)].
Figurelb. For astroglial tumors showed a difference in
survival related to rCBV [22.06 (blue) and < 2.06
(green)].

Figurelc. Survival curves tumors with oligodendroglial
component no significant difference in survival [22.06
(blue) and < 2.06 (green)].

CONCLUSION

There was a strong correlation between rCBV and
progression-free survival in pure astrocytic tumors.
Within a single category of anaplastic astrocytomas
those with higher rCBV had a worse prognosis than
tumors with a low rCBV. Looking at grade III tumors
overall, the rCBV had a significant but relatively week
correlation with regard to PFS. There was no significant
correlation between rCBV and PFS in patients with
grade III tumors containing an oligodendroglial
component.
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KEeY WORDS: Glioma, cerebral blood volume, anaplastic
astrocytoma

0-224 11:10 AM - 11:18 AM

Glioblastoma Multiforme Progression or
Treatment-Related Pseudoprogression? A Direct
Comparison of Common MR Imaging Diffusion and
Perfusion Sequences at the Neuroradiology Clinical
Workstation

Whitlow, C. T.-Chan, M. D.-Wagner, J. S.-Sauer, R.
N.-Lesser, G. ].-Bennett, M.-Tatter, S. B.-Ellis, T.
L.-Paulsson, A. K.-Johnson, A. J.

Wake Forest University School of Medicine
Winston-Salem, NC

PURPOSE

In patients with glioblastoma multiforme (GBM) who
are treated with concurrent radiation and
temozolomide, differentiating between tumor

progression and treatment-related pseudoprogression
remains a challenge using MRI. The purpose of this pilot
study was to conduct a direct comparison of dynamic-
susceptibility contrast (DSC), pulsed arterial spin
labeling (PASL) and diffusion-weighted imaging (DWI)
for discriminating GBM progression from
pseudoprogression, using a simple region of interest
(ROI)-based analysis method amenable for use at the
clinical workstation.

MATERIALS & METHODS

In this HIPAA-compliant, IRB-approved case-control
study, patients with clinically proven GBM progression
(n = 15) or pseudoprogression (n = 14) and MRI
examinations including diffusion-weighted imaging
(DWI) (recurrence n = 14; pseudoprogression n = 13),
DSC (progression n = 11; pseudoprogression n = 10),
and/or PASL (recurrence n = 9; pseudoprogression n =
11) were identified retrospectively from a cancer center
database. A circle ROl was placed manually to
encompass the lesion on each sequence using Aquarius
iNtuition (TeraRecon, San Mateo, CA), from which
measures of maximum diffusion signal intensity (DSI),
cerebral blood volume (CBV) and cerebral blood flow
(CBF) were obtained, respectively. These data were
normalized to maximum values obtained from a similar,
contralateral, size-matched circle ROI, producing a
dimensionless ratio of relative measures (rDSI, rCBV,
rCBF). Serial t-tests were used to evaluate between-
group demographic variables. Multivariate analysis of
covariance (MANCOVA) controlling for between-group
demographic differences then wasconducted, with
outcome (progression, pseudoprogression) as the
independent variable and rDSI, rCBV and rCBF as
dependent variables. Missing data for dependent
variables were replaced with variable-associated
means.

RESULTS

Independent samples t-tests revealed no statistically
significant difference between progression and
pseudoprogression groups for age and total radiation
dose. There was, however, a significant difference for

the time-interval from therapy completion to reference
MRI, with a longer interval for the progression group
[t(27) = 2.104, p = .010]. One-way between-groups
MANCOVA controlling for the significant demographic
variable revealed a significant between-group
difference on the combined rDSI, rDSC, and rPASL
dependent variable [F(3, 24) = 8.902, p<.0005; Wilks’
Lambda = .473; partial eta squared = .527]. When
results for the dependent variables were considered
separately using a Bonferroni adjusted alpha level of
.017, only the between-group difference for rDWI
reached statistical significance [F(1, 26 )= 16.469,
p<.0005; partial eta squared =.559] (Figure).
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CONCLUSION

This combined analysis confirms findings of prior
studies that have evaluated DWI, DSC and PASL on an
individual basis, and further highlights the reproducible
and robust ability of DWI to identify statistically
significant differences between GBM progression and
pseudoprogression, demonstrated in the present
investigation using a simple method that can be

performed at most neuroradiology  clinical
workstations.
Key WORDS: Glioblastoma multiforme,

pseudoprogression, pulsed arterial spin labeling

0-225 11:18 AM - 11:26 AM

Acute Alcohol Ingestion Significantly Affects
Resting-State Networks and Induces Cerebellar
Chemical Changes on Magnetic Resonance
Spectroscopy

Currie, S.1-Hadjivassiliou, M.2-Clark, M. R. ].1-Craven, L.
J.--Wilkinson, I. D.1-Griffiths, P. D.1-Hoggard, N.1

1Academic Unit of Radiology, Sheffield, UNITED
KINGDOM, 2Royal Hallamshire Hospital, Sheffield,
UNITED KINGDOM

PURPOSE
To establish possible changes in resting state network
(RSN) connectivity and cerebellar spectroscopy

following acute alcohol ingestion with a view to
establishing a binge-drinking model.



MATERIALS & METHODS

A 3 T single voxel MR spectroscopy (PRESS, TR = 2000
ms, TE = 144 ms) of the cerebellar hemisphere deep
white matter and superior vermis and RS fMRI was
performed on 10 healthy males (age 26 * 4.8 years;
range 20-33) before and after ingestion of equivalent
31.56 g of ethanol (corresponding to 4 UK units: upper
level of recommended daily limit, UK). All subjects were
“social” drinkers with an average weekly alcohol
consumption of 179 #* 83 g (range 36-316).

MR imaging was performed prealcohol, immediately
following alcohol and then at hourly intervals. End point
was disappearance of alcohol peak at 1.3 parts per
million on MR spectroscopy. Prior to each scan, all
subjects had their percentage blood alcohol
concentration (% BAC) measured using the
breathalyzer AlcoSense™ Elite. To identify temporal
differences in RSNs from pre to postalcohol states group
comparison of RS fMRI data using multisubject
independent component analysis (ICA) and dual
regression (1) was performed with FSL (FMRIB
Software Library). Temporal differences in area ratios
of N-acetyl aspartate (NAA) and choline (Cho)
referenced to creatine (Cr) were calculated using paired
student t-test.

RESULTS

MR spectroscopic alcohol peaks were detected in all
subjects immediately following alcohol and disappeared
at 4 hours postingestion, meaning that subjects were
examined at 6 time points: pre, immediate, 1 hour, 2
hours, 3 hours and 4 hours postalcohol. Per cent of BAC
peaked at 1 hour following alcohol ingestion then fell at
subsequent intervals. Statistically significant temporal
changes of RSNs are depicted in the Table and Figure. A
significant increase in cerebellar NAA/Cr occurred from
pre (0.96 + 0.04) to 2 hours (0.99 + 0.03) postalcohol
consumption (CI 95%: 0.0457 to 0.0574; p = 0.026).
Conversely, Cho/Cr significantly fell from immediately
(0.80 = 0.13) to 4 hours (0.75 + 0.12) after alcohol
intake (CI 95%: 0.004 to 0.099; p = 0.037).

Resting state networks that significantly intensify at time
periods following alcohol ingestion.
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Figure. Alcohol significantly intensifies the functional
connectivity of resting state networks (RSNs). Top row -
identification of RSNs: A) Right parietal-frontal, B)
Visual and C) Left parietal-frontal. Bottom row -
corresponding statistically significant intensification of
functional connectivity in the RSNs from pre-alcohol to
3h post-alcohol scan: D) Right parietal-frontal, E)
Visual and, F) Left parietal-frontal.

CONCLUSION

Single bolus alcohol ingestion significantly intensifies
the functional connectivity of the visual and bilateral
parietal-frontal networks and causes statistically
significant alteration in cerebellar neurometabolites.

KEeY WORDS: Alcohol, resting-state networks, functional
imaging

0-226 11:26 AM - 11:34 AM

Beyond the Tip of the Iceberg: Widespread pH
Abnormalities Detected with 31P-MR Spectroscopy
in the Normal-Appearing Parenchyma of Patients
with Cortical Malformations and Epilepsy

Andrade, C. S.1-Otaduy, M. C. G.1-Park, E. ].1-Valente, K. D.
R.1-Tsunemi, M. H.2-Leite, C. C.1

1Faculdade de Medicina da Universidade de Sao Paulo,
Sao Paulo, BRAZIL, 2Universidade Estadual Paulista
Julio de Mesquita Filho, Botucatu, BRAZIL

PURPOSE

The goal of this study was to evaluate the intracellular
hydrogen-ion potential (pH) in the normal-appearing
parenchyma (NAP) of patients with malformations of
cortical development (MCD) and epilepsy.

MATERIALS & METHODS

Three-dimensional phosphorus magnetic resonance
spectroscopy (31P-MRS) at 3.0 T was performed in 37
MCD patients and in 31 matched-control subjects. The
patients were assigned into three main MCD subgroups:
hemimegalencephaly/cortical dysplasia (n = 10);
heterotopia (n = 14); schizencephaly/polymicrogyria (n
= 13). Voxels (12.5 cm3) were selected in five
homologous regions containing NAP: right putamen; left
putamen; frontoparietal parasagittal cortex; right
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centrum semiovale; and left centrum semiovale. Robust
methods of quantification were applied, and the
intracellular pH was calculated with the chemical shifts
of inorganic phosphate (Pi) relative to phosphocreatine
(PCr).

RESULTS

In comparison to controls and assuming a p value <
0.05, MCD patients presented acidosis in the
frontoparietal parasagittal cortex, right centrum
semiovale, and left centrum semiovale (Table 1).
Dunnet and Dunn tests demonstrated that the
differences in pH values remained statistically
significant in all MCD subgroups (Figure 1).

Table 1 - Comparisons of pH values between MCD patients and
control subjects in five cerebral regions with normal appearing
parenchyma

Patients Controls
Region Mean SD Mean SD  p-value
. p =
Right putamen 6.914 0.033 7.007 0.046 0621
p =
Left putamen 7.011 0.040 6.995 0.043 0.170
Frontoparietal p<
parasagittal cortex 6.985 0.022 7.087 0.048 0.001*
Right centrum 7004 0029 7.096 0042 P
semiovale 0.001
Left centrum p<
semiovale 6.995 0.030 7.088 0.045 0.001

Note: *p-value obtained with Mann-Whitney test, other p-
values obtained with Student"s t test. p-values < 0.05 are
printed in bold type. pH = hydrogen-ion potential, SD =
standard deviation.
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Figure 1: Box-plot graphics. Comparisons of mean hydrogen-ion potential (pH) values in the
normal appearing parenchyma in the following regions: A) Frontoparietal parasagittal cortex, B)
Right centrum semiovale, C) Left centrum semiovale. 0 = control-group; 1 =
hemimegalencephaly or cortical dysplasia; 2 = heterotopia; 3 = schizencephaly or
polymicrogyria. In all these regions, Dunnet and Dunn tests demonstrated statistically
significant differences (p < 0.05) between the MCD subgroups compared to the control-group.

CONCLUSION

There is a large body of evidence pointing to
neurometabolic disturbances as key factors in
epileptogenesis. Intracellular pH is an important
parameter of brain bionergetics and electrophysiologic
status in neurons and glia. We recently have
demonstrated pH disturbances in MCD lesions, but, to
our knowledge, there are no 3!P-MRS studies in the
evaluation of the NAP in MCD patients heretofore. The
present study demonstrates widespread acidosis in the
NAP, and reinforces the idea that MCD visible lesions
are only the tip of the iceberg. This issue may be of
particular importance in patients who are candidates
for lesion resection. The NAP could be a secondary
target for medical interventions, and understanding the
biochemical abnormalities that occur beyond the visible
lesions may facilitate this approach.

Key WOoRDs: Phosphorus spectroscopy,
malformations of cortical development

epilepsy,
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0-227 11:34 AM - 11:42 AM

Arterial Spin Labeling Perfusion at 3 T in Mild
Cognitive Impairment Enriched for Vascular Risk
Factors

Aguilera, A.-Singh, M.-Law, M.-Hajjar, [.-Chui, H.

University of Southern California
Los Angeles, CA

PURPOSE

To compare cerebral blood flow in subjects with mild
cognitive impairment to elderly normal controls using
arterial spin labeling MR perfusion at 3 T, in a sample
enriched for vascular risk factors.

MATERIALS & METHODS

Sixteen subjects enrolled in the National Institute on
Aging funded Aging Brain program project (10 females
and 6 males, median age 76.6 years, range 69-91 years)
underwent arterial spin MR perfusion at 3 T. Based on
the subject’s clinical dementia rating scale (CDR),
Framingham cardiovascular risk profile (FCRP) and
history of prior stroke or myocardial infarction, the
subjects were stratified into three groups: 1. No
cognitive impairment (n = 9), 2. Mild cognitive
impairment with high vascular risk (n = 4) and 3. Mild
cognitive impairment with low vascular risk (n = 3). We
determined the cerebral perfusion in 38 regions of
interest and compared the results between the three
groups.

RESULTS

When comparing the normal aging subjects (group 1)
and those with cognitive impairment (groups 2 and 3
combined) there was a significant reduction in CBF in
the parietal peri-trigonal white matter (p<0.05). In
comparisons between groups 1 and 3, a significant
reduction in cerebral blood flow (CBF) was found in the
posterior cingulate gyrus and parietal peri-trigonal
white matter (p < 0.05). No significant differences were
found between groups 2 and 3, but the sample sizes
were very small.

CONCLUSION

Arterial spin labeling MR perfusion can be a useful tool
for characterizing regional decreases in cerebral blood
flow in mild cognitive impairment. In a sample enriched
for vascular risk factors, reductions were found in the
parietal white matter. This region represents a vascular
border zone and is known to be susceptible to the
development of white matter hyperintensities.

KEey WoRDs: Dementia, arterial spin labeling, perfusion

0-228 11:42 AM - 11:50 AM

Using Arterial Spin Labeling-Derived Bolus Arrival
Time to Demonstrate a Novel Compensatory
Cerebrovascular Autoregulatory Mechanism during
Two Normotensive Hypovolemic Stimuli

Cain, J. R.1*Thompson, G.1-Beards, S.2-Parkes, L.
M.1-Jackson, A.

1University of Manchester, Manchester, UNITED
KINGDOM, 2University Hospital of South Manchester,
Manchester, UNITED KINGDOM

PURPOSE

Classical cerebrovascular autoregulation maintains
cerebral blood flow (CBF) during fluctuations in
cerebral perfusion pressure. Stimuli which decrease
blood volume while blood pressure is maintained are
normotensive hypovolemic challenges. This study was
designed to investigate the cerebroautoregulatory
changes seen during these stimuli and identify potential
imaging biomarkers of cerebral autoregulation in
normal subjects.

MATERIALS & METHODS

Twenty-two healthy volunteers (20-31 years old)
underwent MRI (3.0 T Philips Achieva). Imaging
included full brain arterial spin labeling (ASL)
[measuring tissue perfusion and bolus arrival time
(BAT)] and quantitative phase contrast angiography
(PCA), measuring total blood inflow from internal
carotid and basilar arteries at rest and during
stimulation. Heart rate and blood pressure were
measured during the experiments. In 11 subjects
decreases in cardiac output were induced using a MRI
compatible lower body negative pressure (LBNP)
chamber (-20 mm Hg), the subjects’ legs and lower
torso were inside the chamber. In 11 subjects gases
were delivered using a closed anesthetic gas circuit.
Subjects were given the following gases for
approximately 15 min: 100% 02, medical air and
carbogen gas (95% 02, 5% C02) delivered at a rate of
15L/min. Arterial spin labeling images were analyzed
assuming a single blood compartment model. Control
and labeled images were subtracted and a two-
parameter fit for BAT and perfusion was performed on
a voxel-by-voxel basis for gray matter. Phase contrast
angiography data were analyzed using noncommercial
software.

RESULTS

During LBNP heart rate increased (P=0.001) but blood
pressure was unaffected. During carbogen and O2 there
was no change in heart rate or blood pressure. Phase
contrast angiography results showed a decrease in
blood inflow to the brain during LBNP (p = 0.01)
compared to control but there was no difference in gray
matter perfusion values between control and -20 mm
Hg LBNP. However the BAT was significantly longer
during LBNP than rest (p = 0.002). Carbogen caused
increases in blood inflow and 02 decreases compared to
air measured using PCA Bolus arrival time reductions
occurred during 02 inhalation (p<0.001), increases in
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both perfusion and BAT during occurred carbogen
administration (P<0.001) compared to air.

ASL Bolus Arrival time

Grey matter arival time (ms)

ar co2 LBNP control  LBNP -20mmbg

Figure: Box plot of bolus arrival time for each gas
and before and during -20mmHg LBNP.

CONCLUSION

Stimuli that produce normotensive hypovolemic
challenges (LBNP) or vasoconstrictory gases (02) cause
reductions in blood inflow, which is compensated in
gray matter by an as yet unknown mechanism. This can
be detected by the prolongation of BAT induced by
theses stimuli. There may be an underlying steal from
white matter in order to maintain gray matter perfusion
but resulting in a delay in blood arrival. Bolus arrival
time provides a possible biomarker for autoregulatory
studies.

KEY WORDS: Autoregulation, ASL, cerebral blood flow

0-229 11:50 AM - 11:58 AM

Extratemporal Abnormalities in Phosphorus MR
Spectroscopy in Patients with Mesial Temporal
Sclerosis

Park, E.-Lyra, K. P.-Andrade, C. S.-Castro, L. H. M.-Otaduy,
M. C. G.-Leite, C. C.

Sao Paulo University
Sao Paulo, BRAZIL

PURPOSE

31P MRS is a noninvasive method that allows
measurement of several phosphorus metabolites
related to energetic state and membrane composition.
The aim of this study was to determine extratemporal
metabolic changes by 31P MRS in patients with mesial
temporal sclerosis (MTS).

MATERIALS & METHODS

Three-dimensional 31P MRS of 33 patients and 31 sex-
and age-matched controls were performed on Intera
Achieva 3.0 T system (Philips, Best, The Netherlands)
using a double-tuned 31P/1H head coil (AIR], Cleveland,
USA). All patients were diagnosed with unilateral MTS
by conventional MRI and were seizure-free for at least
24 hours. Three-dimensional axial T1-weighted images
also were acquired for the purpose of localization. Care
was taken to position the three-dimensional MRS grid
(six slices of 6 x 7) in the same way on all patients, with
individual voxels of 30x30x20 mm. The voxels selected

for analysis were located in the anterior capsuloinsular
region (ACIR), posterior capsuloinsular region (PCIR)
and in the frontal region (FR). The location was
considered ipsilateral or contralateral to the MTS. The
31P MRS sequence was a pulse-acquire sequence with
TE/TR = 0.31 ms/5093 ms, using an adiabatic pulse.
Spectra processing and quantification was performed
using the jMRUI software with the AMARES algorithm.
Relative values of each metabolite divided by the sum of
all metabolites (phosphodiesters- PDE,
phosphomonoesters-PME, inorganic phosphate - Pj,
phosphocreatine- PCr, y-, a-, - adenosine triphosphate-
ATP), as well as the PCr/ATP, PCr/Pi and ATP/Pi ratios
and pH of patients and controls were obtained. T test
was used to compare the differences between both
groups and a p value less than 0.05 was considered
statistically significant.

RESULTS

Compared to average values of controls, the following
metabolites were significantly different, according to
location: ipsilateral ACIR reduction of Pi (0.081 in
patients, 0.089 in controls, p = 0.009) and PCr/ y-ATP
(1.966 in patients, 2.146 in controls, p = 0.027),
contralateral ACIR reduction of Pi (0.082 in patients,
0.089 in controls, p = 0.013), increase of ATP (0.298 in
patients, 0.286 in controls, p = 0.026), ipsilateral PCIR
reduction of Pi (0.077 in patients, 0.083 in controls, p =
0.009) and PCr/y-ATP (0.249 in patients, 0.286 in
controls, p = 0.017), increase of y-ATP (0.098 in
patients, 0.093 in controls, p = 0.024), contralateral FR
reduction of Pi (0.087 in patients, 0.093 in controls, p =
0.014).

CONCLUSION

We found energetic dysfunction in the capsuloinsular
and frontal regions of patients with MTS, for both sides,
ipsi and contralateral hemispheres. No changes in the
metabolites related to membrane composition or pH
were found. Previously, one study showed decreased
PCr/y-ATP ratio in the ipsilateral parietal lobe
compared to controls. Our findings suggest that
energetic dysfunction happens diffusely in the brain of
patients with MTS, similar to what was shown in PET
studies.

KEY WORDS: Neurometabolism, epilepsy, phosphorus
spectroscopy



122

Tuesday Morning

10:30 AM - 12:00 PM
Beekman/Sutton North

(27c¢) Adult Brain: Vascular,
Intracranial
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Ten-Year Experience of MDCT Angiography and the
Detection of Brain Aneurysms: Is It Time to Go
Straight to Aneurysm Repair or Conventional
Angiogram?

Heit, J. J.-Sabbag, D.Gonzalez,
W.-Hirsch, J. A-Romero, J. M.

R. G.Schaefer, P.

Massachusetts General Hospital
Boston, MA

PURPOSE

Subarachnoid hemorrhage secondary to intracranial
aneurysm (IA) rupture is a significant cause or
morbidity and mortality. Two to three per cent of the
population harbors an IA (ISUIA Trial, 1998; Rinkel et
al, 1998), so the majority of IAs never rupture.
Estimates of IA prevalence, distribution, and size are
guided largely by studies that characterize IAs by
conventional angiography and autopsy. CT angiography
(CTA) is used increasingly for the evaluation of
intracranial hemorrhage and other clinical concerns.
There are few large studies describing IA characteristics
in CTA patient populations, and existing studies have
focused on patient populations undergoing CTA for
specific indications, such as evaluation of carotid
stenosis (Heman et al., 2009) or ischemic stroke (Oh et
al,, 2008). Here we describe the frequency, distribution,
size, and incidence of IAs and IA rupture in a population
undergoing CTA at a large referral center over a 10-year
period.

MATERIALS & METHODS

Our study was approved by the hospital’s Institutional
Review Board. We performed a review of all patients
undergoing CTAs of the head from January 2000 to
December 2010 at Massachusetts General Hospital with
evidence of IA. Studies identifying an IA then were
evaluated further for IA size, location, distribution, and
the presence of associated intracranial hemorrhage.
Patient records were reviewed for demographic
information. Statistical analysis was performed using
the SAS 9.1 software (SAS Institute Inc., Cary, NC).

RESULTS

Twenty-nine thousand three CTAs were identified, and
IAs were identified in 2,933 patients (10%). Multiple
[As were identified in 544 patients (19%). IA
distribution is summarized in the Figure. Intracranial
aneurysm size was variable (1-35 mm). Large (>7 mm)
IAs were most likely to occur at the anterior

communicating artery or at branches of the internal
carotid artery (ICA). Larger ( >7mm) IAs were
associated more frequently with intracranial
hemorrhage at presentation. Intracranial hemorrhage
was present in 717 patients with an 1A (24%).
Aneurysm rupture was the cause of intracranial
hemorrhage in 167 patients (6%). Incidental IAs were
identified in 550 (19%) patients with intracranial
hemorrhage. Seventy percent of IAs were identified in
females and 30% were identified in males (p<0.001).

Aneurysm Distribution

PICA SCA Vertebral

ACA
PCOM
PCA 7% \ 7%
2% ACOM
13%
AICA
MCA Q 0.1%
18%
‘ e
6%
ICA
44%
CONCLUSION

These data represent the largest IA series published to
date. The prevalence and frequency of incidental 1As
was significantly higher than previously published
reports. The distribution of IAs differed from prior
studies (Schievink, 1997), with the ICA being the most
common location (43%). Seventy-one percent of IAs
were identified in females, higher percentage than
published data.

KeEy WORDS: Aneurysm, intracranial hemorrhage,
epidemiology
0-231 10:38 AM - 10:46 AM

Use of CT Perfusion for the Diagnosis of Vasospasm
following Subarachnoid Hemorrhage: Which
Combination of Perfusion Parameters Represents
the Minimum Data Set?

Thomas, 0. M.-Das, T.-Young, V. E.-Krishnan, A.-Sheikh-
Bahaei, N.-Scoffings, D. J.-Bulters, D. O.-Gillard, J. H.

Addenbrooke's Hospital
Cambridge, UNITED KINGDOM

PURPOSE

Although the use of CT perfusion (CTP) in the diagnosis
of ischemic stroke has been the subject of extensive
investigation, much less is known about the utility of
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CTP following aneurysmal SAH-related delayed cerebral
ischemia/vasospasm. We performed a receiver
operating characteristic (ROC) analysis to find the most
informative perfusion parameters, and to find the
smallest possible combination of these parameters that
was as informative as the data set as a whole.

Materials & Methods

We prospectively recruited 100 patients presenting
with subarachnoid hemorrhage (SAH) over a 13-month
period. Extended-coverage CTP (z-axis 100 mm) was
performed on a Siemens Somatom Definition Flash on
day 1, on day 3-10, and as clinically indicated. Of these
patients, 21 were diagnosed with vasospasm jointly on
clinical and radiologic grounds. A conventional
deconvolution approach (syngo Volume Perfusion CT-
Neuro) was used to derive the perfusion parameter
maps [cerebral blood flow (CBF); cerebral blood volume
(CBV); mean transit time (MTT); time to start (TTS);
time to peak (TTP) and time to drain TTD)]. Volumetric
regions of interest in areas of vasospasm and
contralateral control regions were compared using an
intra-subject ROC analysis, with area under curve (AUC)
values calculated for each perfusion parameter. For
each patient the maximum AUC value was calculated for
every possible set of parameter maps, with set sizes
ranging from 1 to 6 (all possible maps). The smallest set
of maps with an AUC statistically indistinguishable from
the maximum possible (i.e., an analysis of all six maps)
was defined as the "minimum data set".

RESULTS

1) Individually, the TTD, TTP and TTS were the most
informative parameters (median AUC: 0.852, 0.836 and
0.833 respectively; not significantly different, Wilcoxon
ranksum). The MTT, CBF, and CBV were significantly
less informative (AUC values 0.712, 0.741 and 0.573
respectively; all significantly lower than the TTD, TTP
and TTS maps, P < 0.05, Wilcoxon ranksum). 2) The
combination of the TTP and CBF parameter maps
provided a minimum data set, (i.e, the AUC value
(0.871) was statistically indistinguishable from an
analysis of all six maps (0.890; Signtest, P = 1.000). This
is the only two-membered combination of parameter
maps for which this was the case. Eight three-
membered combinations of parameter maps were also
statistically indistinguishable from an analysis of all six
maps.

CONCLUSION

This combination of results indicates a high degree of
mathematical redundancy between the maps. Strikingly,
a pair of parameter maps carries almost as much
information as the full complement of six.

KEeY WORDSs: Vasospasm, subarachnoid hemorrhage, CT
perfusion

0-232 10:46 AM - 10:54 AM

Hematoma Expansion and Intraventricular
Perforation Is Predicted by CT Angiography Spot

Sign and Postcontrast Leakage for Acute
Intracerebral Hemorrhage
Tsukabe, A.-Watanabe, Y.-Tanaka, H.-Nishizawa,

M.-Kunitomi, Y.-Yoshiya, K.-Tomiyama, N.

Osaka University Graduate School of Medicine
Suita City, Osaka Prefecture, JAPAN

PURPOSE

Morbidity and mortality in spontaneous intracerebral
hematoma (ICH) are correlated with hematoma
expansion and intraventricular hemorrhage. The
presence of computed tomography angiography (CTA)
spot sign and postcontrast CT (PC CT) leakage (PCL)
have been reported to be correlated with hematoma
expansion. But previous studies have not taken into
account the presence of intraventricular hemorrhage
for hematoma progression. The purpose of this study is
to elucidate whether CTA spot sign and PCL can predict
hematoma progression more accurately if newly
occurred intraventricular hemorrhage is defined as
hematoma progression in addition to hematoma
volume.

MATERIALS & METHODS

All patients with primary ICH who underwent CTA and
PC CT within 6 hours of symptom onset, as well as
follow-up noncontrast CT (NC CT) before discharge or
death between January 2009 and August 2011 were
recruited. All CT examinations were performed with 64
detector CT scanner. CT angiography studies were
obtained using automatic triggering technique with 100
cc contrast media (300 mgl/ml), injection rate of 4
cc/sec. Postcontrast CT was obtained 120 seconds after
contrast injection. One neuoradiologist reviewed
admission and follow-up NC CT for measuring
hematoma volume wusing ABC/2 method and
determined the presence of intraventricular
hemorrhage. He also reviewed CTA for spot sign and PC
CT for PCL in another session. Predictive values of these
two signs for hematoma progression were analyzed
statistically respectively in two different definitions.
Definition 1): Hematoma progression is defined as
volume increase of hematoma size >20% or >6 mL.
Definition 2): Hematoma progression is defined as
hematoma volume increase as definition 1 or newly
occurred intraventricular perforation regardless of
volume change.

RESULTS

Twenty-six patients were recruited. The number of
patients, whose hematoma size did not change, whose
hematoma size increased, whose hematoma newly
perforated into ventricle on follow-up NC CT was 19, 7,
6, respectively. Table shows sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), accuracy for hematoma progression of CTA
spot sign and PCL in two different definitions. In
definition 2, both signs have better sensitivity,
specificity, PPV and accuracy. Postcontrast leakage was



associated with higher likelihood for hematoma
progression (in definition 1: p = 0.03, in definition 2: p <
0.01, Fisher’s exact test).
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CONCLUSION

CT angiography spot sign and PCL can predict
hematoma progression more accurately if newly
occurred intraventricular hemorrhage is defined as
hematoma progression in addition to hematoma
volume. Intraventricular hemorrhage is an important
factor associated with hematoma progression.

KEY WOoRDS: Intracerebral hemorrhage, CT
angiography spot sign, stroke

0-233 10:54 AM - 11:02 AM

Utility of CT Angiography in Primary Angiitis of the
Central Nervous System

Johnson, J. M.-Franceschi, A. M.-Yoo, A. ].-Romero, J. M.

Massachusetts General Hospital
Boston, MA

PURPOSE

Primary angiitis (PA) of the central nervous system is a
rare and poorly understood disease characterized by
multifocal segmental inflammation of the small and
medium vessels of the central nervous system (CNS),
without signs of systemic or secondary vasculitis.
Digital subtraction cerebral angiography (DSA) and
brain biopsy typically are considered the “gold”
standard diagnostic studies but are invasive procedures
and in many reports have nonideal sensitivities of
approximately 70%. Despite its noninvasive nature,
ability for rapid acquisition and ready available, CT
angiography (CTA) is traditionally not considered in the
evaluation of suspected PACNS. We sought to evaluate
the yield of CTA in a series of clinically definite cases of
PACNS.

MATERIALS & METHODS

A retrospective database search was performed for
cases between 2003 and 2011 with a clinical discharge
diagnosis of CNS vasculitis and an evaluation with CT
angiography of the head. Associated diagnostic imaging
studies were also reviewed including MRI/MRA of the
brain and DSA. Studies were reviewed for findings
suggestive of vasculitis including multifocal narrowing
in at least two vessels. Sensitivity analyzes were
performed for CTA and DSA using the final clinical
diagnosis as the “gold” standard.

RESULTS
Twenty-one patients were identified with clinically
definite PACNS and a CTA evaluation. Mean age was
43.3 + 14.8 years (age range: 15-70), and 57.1% of
patients were female. Of our patients, 15/21 (71.4%)
had CTA findings typical for CNS vasculitis including
multifocal narrowing in multiple vascular distributions.
This compares to 11/14 (78.6%) patients who had
findings typical for CNS vasculitis on DSA. Fourteen
patients had both CTA and DSA. Of these 9/14 (64.3%)
were positive for vasculitis on both studies. All patients
(9/9) with CTA findings of CNS vasculitis also had
suggestive findings on DSA.

CONCLUSION

In this small group of clinically definite cases of PACNS,
all patients with CTA findings suggestive of vasculitis
were also positive for DSA findings suggestive of
vasculitis. The diagnostic yield of CTA is similar to our
experience and the published experience with DSA.
Considering the high positive predictive value of CTA
for a positive DSA, the risk associated with DSA may not
be justified.

KEey WoRbDs: CT angiography, vasculitis, accuracy
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CT Perfusion Evaluation after Extracranial Bypass
Surgery

Vos, P. C.-Smit, E. ].-Riordan, A.-Dankbaar, J]. W.

University Medical Center Utrecht
Utrecht, NETHERLANDS

PURPOSE

Extracranial bypass surgery is used to treat conditions
like moyamoya disease, internal carotid artery
occlusion or otherwise untreatable intracranial
aneurysms. Postoperative evaluation of bypass patency
on CT angiography (CTA) can be challenging due to
small lumen size and artifacts from surgical clips. Small
bypass lumen or bypass occlusion may result in
hypoperfusion and thereby infarction. CT perfusion
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(CTP) measurements therefore may have additional
value over CTA. Altered hemodynamics and thereby
contrast arrival time, in the area fed by the bypass can
influence perfusion measurement. Perfusion algorithms
that are delay sensitive may display incorrectly lower
underestimated perfusion values, thereby causing
unnecessary concern. The purpose of this study is to
compare different perfusion algorithms in patients after
extracranial bypass surgery and look at the differences
in postoperative perfusion values between patients
with and without infarction on follow-up imaging.

MATERIALS & METHODS

We retrospectively identified all patients that were
treated between May 2007 and May 2011 at our
institution with extracranial bypass surgery for
moyamoya disease, internal carotid artery disease or
otherwise  untreatable intracranial aneurysms.
Inclusion criteria were: age>18, CTP and CTA imaging
within 5 days after surgery, imaging follow up >6 days
after postoperative imaging. Data were collected on
gender, age and surgery indication. The postoperative
CTA was evaluated for bypass patency. CT perfusion
images were analyzed with a tracer delay insensitive
(bSVD) and a delay sensitive (sSVD) algorithm using the
perfusion mismatch analyzer developed by ASIST,
Japan. Quantitative perfusion values were measured in
regions of interest in the middle cerebral artery flow
territory cortex of both hemispheres, and compared
between the two algorithms using a paired t-test.
Presence of a new infarct in the treated hemisphere was
evaluated on follow-up imaging. Differences in CTP
values from the two different algorithms were
compared between patients with and without infarction
on follow up using an independent samples t-test.

RESULTS

Sixteen patients matched our inclusion criteria (median
age 54 years (30-78); six men vs 10 women; three
moyamoya disease, 10 aneurysm, three internal carotid
artery disease. Two patients showed bypass occlusion.
Six patients had new infarcts in the treated hemisphere
on imaging follow up. In the treated hemisphere CBF
was significantly lower when measured with sSVD
compared to bSVD (median: 45.4 vs 61.3, p<0.01), MTT
longer (8.2 vs 7.9 p = 0.05), and CBV lower (5.6 vs 6.7,
p<0.01). In the wuntreated hemisphere similar
differences were found for CBF and CBV, no significant
difference was found for MTT. In patients that had an
infarct on follow up compared to no infarct, MTT in the
treated hemisphere was significantly longer when
calculated with bSVD (8.49 vs 7.57, p = 0.039). No
significant difference in perfusion values could be found
using sSVD.

CONCLUSION

In patients with extracranial bypass surgery a delay
sensitive perfusion algorithm shows less favorable
cerebral perfusion values than a delay insensitive
algorithm. This confirms the fact that values calculated
with sSVD underestimate CBF. With bSVD, and not with
sSVD, a significant difference in MTT was found
between patients that show infarction on follow up and
patients without infarction.

KEeY WORDS: Extracranial bypass, CT perfusion
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3C Score: Deriving Optimal CT-Based Imaging
Characteristics for Predicting Clinical Outcome in
Acute Ischemic Strokes with Proximal Occlusions

Menon, B. K.1-Mayank, D.2-Smith, E. E.1-Modj, ].1-Sohn,
S.3:Demchuk, A. M.t

1University of Calgary, Calgary, AB, CANADA, ZWebber
Academy, Calgary, AB, CANADA, 3Keimyung University,
Daegu, KOREA, REPUBLIC OF

PURPOSE

To derive a CT angiography-based imaging score based
on extent of ischemic core, leptomeningeal collaterals
and clot burden and determine its ability to
discriminate clinical outcomes with or without therapy.

MATERIALS & METHODS

This was a study of patients with acute ischemic stroke
and M1 MCA+/-intracranial ICA occlusions. Clot burden
score is a 10-point score assessing extent of clot in the
anterior circulation and the rLMC score is a 20-point
collateral score based on scoring pial and
lenticulostriate arteries in the anterior circulation. Good
clinical outcome was defined as modified Rankin Score
<2 at 90 days. Based on prior studies we have identified
three characteristics based on CT imaging that are
predictive of good outcome independent of age and
inital NIHSS: CTAS]I, clot burden score and leptomengial
collateral score. The 3C score (range 0-6) comprises
three imaging measurements at baseline: 1.CTA-SI
ASPECTS categorized as (0-4 = 0 points, 5-7 =1, 8-10 =
2) 2.Collaterals (rLMC score 0-10 =0,11-16=1,17-20 =
2) and 3. Clot burden (CBS 0-5 =0, 6-7 = 1, 8-10 = 2).
Primary measure of discrimination of clinical outcome
was the c statistic.

RESULTS

The derivation cohort had 133 patients (mean age 66
years, median NIHSS 16). The c statistic for the 3C score
was 0.75, indicating moderate to good discrimination of
good outcomes. By comparison, the c statistic for NCCT
ASPECTS was 0.62 and for CTA-SI ASPECTS was 0.66,
and for a multivariable model containing age and NIHSS
was 0.67. The relationship between 3C score and the
probability of good outcome was similar across all
treatment categories.

CONCLUSION

The 3C score combines information on extent of core,
leptomeningeal collaterals and thrombus burden using
CTA in patients with acute ischemic strokes caused by
MCA occlusion. It is better at discriminating the chance
of a good clinical outcome than NCCT, CTA-SI ASPECTS
or the combination of age and NIHSS. We are now
validating this score in a validation cohort of 225
patients from the prospectively collected Keimyung
Stroke registry and will present the results at the
meeting.

KEY WORDS: Ischemic stroke, CT, clinical outcome
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0-236 11:18 AM - 11:26 AM

Assessment of Cerebral Venous Thrombosis with
Noncontrast Computed Tomography Using
Corrected Hounsfield Unit Attenuation Values

Besachio, D. A.-Quigley, E. P.-Shah, L. M.-Salzman, K. L.

University of Utah
Salt Lake City, UT

PURPOSE

Cerebral venous thrombosis is an uncommon, but
potentially life-threatening condition with a variety of
nonspecific clinical manifestations. Recent research has
suggested that cerebral venous thrombosis may be
predicted successfully through the use of Hounsfield
unit (HU) attenuation values on noncontrast computed
tomography (CT) scans while correcting for patient
hematocrit values at the time of imaging through use of
a hematocrit-Hounsfield ratio (H:H). The purpose of this
study is to evaluate noncontrast CT examinations of the
head in patients with known cerebral venous
thrombosis as well as those without thrombosis and to
determine if any reliable relationship exists between
venous thrombosis, absolute noncontrast Hounsfield
unit attenuation in the affected cerebral sinus or vein,
and patient hematocrit.

MATERIALS & METHODS

Following institutional review board approval, a
retrospective review of noncontrast head CTs
performed on 18 patients with confirmed cerebral
venous or dural sinus thrombosis and 18 patients
without thrombosis were evaluated independently by
three neuroradiologists. Maximum HU attenuation
values in regions of known thrombosis were recorded
with similarly placed measurements in normal control
patients. Thirteen patients in each group had
hematocrit levels drawn at the time of CT examination
allowing for the calculation of an H:H.

RESULTS

The mean hematocrit between the two groups was not
significantly different (39.0 and 39.4, respectively). The
mean HU value for a thrombosed sinus was 69. The
mean HU value for a nonthrombosed sinus was 51.
There was some degree of overlap between the two
groups. In cases of proven thrombosis, the mean HU
values ranged from 57-83. Nonthrombosed mean HU
values ranged from 32-63. Similarly, H:H demonstrated
some overlap between cases of thrombosis and
nonthrombosis. However, we found this overlap to be
within a narrow range, with all thrombosis patients
demonstrating an H:H of 1.4 or greater. Ninety-two per
cent (12/13) of nonthrombosis cases were found to
have an H:H of less than 1.5.

CONCLUSION

Our data suggests that high noncontrast HU values
within a cerebral sinus or vein with elevated H:H may
represent a simple, quantitative measure in
determining the presence of cerebral venous
thrombosis in noncontrast CT evaluation.

KEY WORDS: Venous, thrombosis, Hounsfield

0-237 11:26 AM - 11:34 AM
T1 Gadolinium Enhancement of Intracranial
Atherosclerotic Plaques Associated with

Symptomatic Stenoses

Vakil, P.1-Habib, A.2-Vranic, ]. E.2-Korutz, A.2-Hurley, M.
C.2-Shaibani, A.2-Carroll, T. ].2-Ansari, S. A.2

INorthwestern University, Chicago, IL, ZNorthwestern
University Feinberg School of Medicine, Chicago, IL

PURPOSE
Inflammation in atherosclerotic plaques locally alters
vascular endothelium permeability, allowing

gadolinium (Gd) contrast uptake and visualization on
T1-weighted MR imaging. Atherosclerotic plaque
enhancement in the cervical carotid arteries has been
correlated with a higher incidence of stroke. However,
only a paucity of research has examined this
relationship within the intracranial vasculature. We
studied the relationship between intracranial plaque
enhancement and acute symptomatic presentations of
intracranial atherosclerotic disease.

MATERIALS & METHODS

Using our institution’s PACS and medical record
databases, we retrospectively identified and analyzed
11 patients with high-grade atherosclerotic plaques
(>70% stenosis) within the proximal intracranial
vasculature (supraclinoid ICA, A1-A2 ACA, M1-M2 MCA,
vertebral-basilar, P1-P2 PCA) that met inclusion
criteria: 1) MRI/MRA 3D time-of-flight (TOF) imaging at
time of diagnosis or symptomatic presentation and 2)
visualization of intracranial plaques in vessels
perpendicular to the imaging plane to minimize partial-
volume averaging. Plaques were classified as
asymptomatic or symptomatic if they induced acute
physiologic symptoms (as determined by neurologic
exam on presentation) and/or demonstrated DWI
positive infarcts in the vascular distribution of the
stenosed vessel. Two neuroradiologists conducted
independent and blinded evaluation of each intracranial
plaque using axial 3D TOF and T1 spin-echo imaging
(pre and postcontrast injection) acquired as part of the
initial neurovascular MR imaging evaluation. Scoring
was performed on a five point scale (1-5) and results
were subgrouped based on the probability of plaque
enhancement (1-2 unlikely to be enhancing, 3 equivocal,
4-5 likely to be enhancing). Contralateral nonstenotic
vessels served as internal controls.

RESULTS

In 11 patients, eight symptomatic and three
asymptomatic intracranial plaques were subgrouped. In
addition, seven intracranial plaques were scored as
intermediate to highly enhancing (score of 4-5) and four
plaques were scored as likely nonenhancing (score of 1-
2). We found that six of seven (86%) enhancing plaques
versus two of four (50%) nonenhancing plaques were
symptomatic. We observed no associated vessel
enhancement in the contralateral control symptomatic
vessels. Figure 1a-b depicts pre and postcontrast T1 SE
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images of a typical plaque that was scored as highly
enhancing (score 5) and symptomatic involving the A2
ACA segment.

CONCLUSION

Our preliminary study demonstrates that T1 Gd-
enhancing plaques may be an indicator of progressing
or symptomatic intracranial atherosclerotic disease. We
report an association between intracranial plaque
enhancement and incidence of acute symptoms from
severe intracranial stenoses. Our findings suggest that
acute inflammation of intracranial stenoses may
exacerbate luminal narrowing and/or plaque instability
leading to symptomatic presentations.

Key WORDS: Intracranial atherosclerosis, plaque
imaging
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Association of MR Imaging Findings and Poor Visual
Outcomes in Idiopathic Intracranial Hypertension

Saindane, A. M.-Riggeal, B. D.-Bruce, B. B.-Newman, N.
J.-Biousse, V.

Emory University School of Medicine
Atlanta, GA

PURPOSE

Idiopathic intracranial hypertension (IIH) is a condition
characterized by elevated intracranial pressure (ICP)
with normal cerebrospinal fluid (CSF) composition and
no other identifiable cause. The clinical course of IIH is
variable, resulting in irreversible vision loss in some
patients, and a more benign course in others. Imaging is
performed primarily to exclude an intracranial mass,
hydrocephalus, or venous sinus thrombosis as a cause
of elevated ICP. While imaging findings involving the
orbits, sella turcica, and venous sinuses have been
described in patients with ITH, their prognostic value for
visual outcome has not been evaluated.

MATERIALS & METHODS

Fifty-seven patients with definite IIH were included in
this IRB-approved study. All patients were evaluated by
an experienced neuro-ophthalmologist and underwent
funduscopic evaluation, visual field (VF) testing, lumbar
puncture with opening pressure (OP) measurement,
and MRI evaluation. Patients were divided into three
groups: Group 1 - poor visual outcome with severe VF
deficits (n = 9), Group 2 - good visual outcome with
some VF deficits (n = 12), and Group 3 - good visual
outcome with no VF deficits (n = 36). MR imaging
studies were evaluated by an experienced
neuroradiologist blinded to the patients’ visual
outcome. Orbital findings of optic nerve (ON) head
protrusion, ON head enhancement, posterior scleral
flattening, increased peri-ON CSF, and ON tortuosity

were evaluated, as were minimum optic canal diameter
and presence or absence of optic canal CSF. Expansion
of the sella turcica was graded, and the frequency of
skull base cephaloceles was noted. MRVs were
evaluated for transverse sinus (TS) stenosis and extent
of calvarial venous channels. Gender, race, OP, BMI, and
frequency of each MRI/MRYV findings were evaluated as
predictors of visual outcome. Patients also were divided
into three groups based on OP (<30, 31-40, and >41) to
determine differences in clinical and imaging findings
associated with increasing OP.

RESULTS

No significant differences were found in mean BM],
patient age, race, or gender between the three visual
outcome groups. The mean OP was significantly higher
in group 1 than in group 3 (46 vs 35 cm water, p = 0.02)
but not between other groups. Despite worse visual
outcomes and sometimes fulminant vision loss, there
were no significant differences in the frequency of
orbital findings suggestive of papilledema and elevated
ICP between group 1 and the other groups. No
significant differences in sellar enlargement, frequency
of skull base cephaloceles, or presence of TS stenosis
were present between the three groups. Optic canal
diameter was significantly smaller (3.7 mm vs 4.1 mm, p
= 0.04) in patients with high OP (OP>41) than with low
OP (OP<30). Otherwise, no significant differences in
clinical or imaging findings were found related to OP.

CONCLUSION

While MRI findings may suggest the presence of
elevated ICP and the diagnosis of IIH, they are not
prognostic of visual outcome in IIH. Particularly, the
absence of imaging findings does not exclude a
diagnosis of IIH or portend a better visual prognosis.
Increasing OP is associated with more severe vision
loss.

Key WoORDs: Idiopathic intracranial
pseudotumor cerebri, MRV

hypertension,
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Vessel Wall MR Imaging to Differentiate between
Reversible Cerebral Vasoconstriction Syndrome and
Central Nervous System Vasculitis: Preliminary
RESULTS

Mandell, D. M.1-Matouk, C. C.2-Swartz, R. H.3-Silver, F.
L.1-Mikulis, D. J.1

1Toronto Western Hospital, Toronto, ON, CANADA,
2Yale University, New Haven, CT, 3Sunnybrook Health
Sciences Centre, Toronto, ON, CANADA

PURPOSE

Proposed diagnostic criteria for reversible cerebral
vasoconstriction syndromes (RCVS) are sudden-onset
severe headache, multifocal segmental narrowing of
cerebral arteries, lack of aneurysmal subarachnoid
hemorrhage, near-normal cerebrospinal fluid, and
spontaneous resolution of arterial narrowing within 3
months. Early discrimination between RCVS, and its
principal differential, central nervous system (CNS)
vasculitis, is important: RCVS is treated with
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observation or possibly calcium channel blockers,
whereas CNS vasculitis is treated with steroids and
immunosuppression. However, the diagnosis of RCVS
currently is confirmed only in retrospect, when arterial
narrowing resolves. Large artery CNS vasculitis is
associated with arterial wall thickening and
enhancement. Reversible cerebral vasoconstriction
syndrome is a disorder of arterial tone regulation, and
the limited histopathologic data available suggests an
absence of arterial wall inflammation; therefore, we
hypothesized that patients with RCVS would lack
arterial wall enhancement

MATERIALS & METHODS

From a database of 114 patients studied with high-
resolution vessel wall MRI over a 4-year period, we
identified all patients with multifocal segmental
narrowing of large intracranial arteries and
angiographic follow up, and performed a detailed chart
review for each case. MR imaging was performed using
a 3.0 T scanner with an 8-channel head coil. Vessel wall
protocol included a time-of-flight MRA of the circle of
Willis, T1-weighted black blood vessel wall sequence
(single inversion recovery-prepared two-dimensional
fast spin echo acquisition with field of view = 22x22 cm,
acquired matrix =512x512; slice thickness = 2 or 3 mm;
total slab thickness 2 to 3 cm, TR/TI/TE = 2263/860/13
ms) before and after intravenous gadolinium. Images
were obtained through the most severely narrowed
arterial segments in each patient. Each vessel wall
sequence was performed in both the short and long axis
of the artery of interest. A neuroradiologist, blinded to
vessel wall imaging and clinical data, graded the
angiographic arterial narrowing as mild (<50%),
moderate (50-79%), or severe (>80%) for each study. A
different neuroradiologist, blinded to angiography and
clinical data, categorized vessel wall thickness as
“normal” (barely perceptible) versus “thickened,” and
comparing the pre and postgadolinium images,
classified arterial wall enhancement in narrowed
segments as “absent/minimal” versus “present” for each
study.

RESULTS

Seven patients satisfied the inclusion criteria. Median
age was 45 years (range 19 - 69) and six of seven
patients were women. Presenting symptoms were acute
headache (n =2), neurologic deficit (n = 2), and
headache with deficit (n = 3). Laboratory testing
included a serum vasculitis workup in 7/7 patients and
CSF analysis in 5/7 patients. Three patients lacked
arterial wall enhancement, and these all had reversal of
arterial narrowing within 3 months. Four patients
demonstrated arterial wall enhancement, and these had
persistent or progressive arterial narrowing at a
median follow-up of 17 months (range 6-36), with final

diagnoses of CNS wvasculitis (3) and cocaine
vasculopathy (1).

CONCLUSION

Preliminary results suggest that high-resolution
contrast-enhanced vessel wall MRI may enable
differentiation between reversible cerebral

vasoconstriction and CNS vasculitis.

KEey WoRDs: MR imaging, vessel wall, vasculitis
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Intra-Voxel Incoherent Motion Revisited:
Application to Quantitative Measurement of Brain
Perfusion
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PURPOSE

The MR-based methods in use in a clinical environment
to measure brain perfusion are, in order of popularity,
dynamic susceptibility contrast (DSC) MR, arterial spin
labeling (ASL), and dynamic contrast-enhanced (DCE)
MRI. The hypothesis, that perfusion could be measured
with the Stejskal-Tanner diffusion sequence, was
proposed 25 years ago by Le Bihan, under the name
Intra-voxel Incoherent Motion (IVIM). Due to low
signal-to-noise ratio, this idea could not be used
clinically. The continued improvements over the last
two decades of both the hardware and software
technology, such as the use of stronger magnetic fields,
multichannel receiver coils and better pulse sequences,
enables the IVIM method for measuring perfusion to be
reconsidered. Promising IVIM results were obtained
recently in highly perfused organs such as the liver,
kidney, and heart. The purpose of this study was to
evaluate the feasibility of IVIM brain perfusion imaging
in the clinical setting using current MRI technology.

MATERIALS & METHODS

Our experiments were performed on a 3 T scanner
using a 32-mulitchannel receiver head coil. The Stejskal-
Tanner diffusion pulse sequence was applied. Diffusion-
weighted images of 16 different b-values were acquired
in three orthogonal directions. The signal obtained was
fitted to a double exponential following the IVIM theory,
and the perfusion fraction f and the pseudo-diffusion
coefficient D* were extracted. TR/TE = 4000 ms/99 ms,
4 averages, voxel size = 1.2 x 1.2 x 4 mm. We scanned 40
patients with various cerebral perfusion-related
pathologic conditions.

RESULTS

Signal decay curves were bi-exponential in the brain
parenchyma of all patients, and consistent parametric
maps of brain perfusion fraction f and pseudo-diffusion
coefficient D* were obtained. In patients with a primary
brain tumor (Fig 1) or a metastasis, hyperperfusion was
measured. In patients with sub-acute stroke,
reactive hyperperfusion was

hypoperfusion or
measured.

Fig 1: Glioblastoma multiforme of right temporal lobe
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on T1 post-Gd image (A). Perfusion fraction f (B) and
pseudo-diffusion coefficient D* (C) obtained by IVIM
method show hyper-perfusion compatible with neo-
angiogenesis.

CONCLUSION

The IVIM method has the potential to become a key
technique to measure brain perfusion in the clinical
setting, since it is intrinsically quantitative, it is directly
sensitive to blood flow within the capillary bed
(independent of arterial transit and venous blood
volume), it does not need iv-contrast injection, and it is
based on a robust pulse sequence (Stejskal-Tanner).

KEey WoRDs: Perfusion, IVIM, quantitative
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Prevalence of Incidental “Pseudostenosis” of the
Internal Jugular Vein Near the Craniocervical
Junction

Diehn, F. E.:Schwartz, K. M.-Ecke], L. ].-Hunt, C. H.

Mayo Clinic
Rochester, MN

PURPOSE

Narrowing of the internal jugular vein (IJV) near the
craniocervical junction is not uncommonly reported on
cross-sectional neuroimaging examinations. Some
recent literature ascribes a relationship between IJV
narrowing and disease, namely “chronic cerebrospinal
venous insufficiency” as a pathophysiologic basis for
multiple sclerosis. Our goal was to retrospectively
investigate the prevalence of narrowing of the IJV near
the craniocervical junction in a large group of
consecutive patients imaged with CT angiography
(CTA).

MATERIALS & METHODS

IRB approval was obtained for this HIPAA compliant
research protocol. Consecutive patients who had
undergone neck CTA at our institution were included.
Exclusion criteria were: history of head and neck
neoplasm, neck surgery and/or radiation therapy, IJV
stenting or resection, IJV thrombosis, inadequate
opacification of the IJV or lack of available 0.75 mm
axial source images. The appearance of the bilateral IJVs
near the craniocervical junction on the remaining CTAs
was reviewed. At the narrowest point of the IJV near the
craniocervical junction, each IJV was graded

subjectively according to degree of narrowing
(occluded, nearly occluded, mild-moderate, none-
minimal) and shape (absent, pinpoint, flattened,
crescentic, ellipsoid), objectively measured (minimal
diameter, diameter perpendicular to this, and area), and
anatomically located (medial to, overlapping with, or

lateral to the transverse foramen of C1).

RESULTS

From a group of 200 consecutive patients imaged with
neck CTA, 18 were excluded for clinical criteria. Of the
remaining 364 IJVs in 182 patients, 52 [JVs were
excluded in 33 patients because of lack of adequate
opacification (44 IJVs, 29 patients) or lack of available
thin axial source images (8 I]JVs, 4 patients). The final
study group consisted of 312 IJVs (159 right and 163
left) in 149 patients. The mean age was 64 years, with a
slight male predominance (54%). The most common
subjective degree of IJV narrowing was mild to
moderate [117 IJVs (38%)]. The most common
subjective IJV shape was flattened [111 IJVs (36%)].
Subjective shape and degree of narrowing were highly
correlated (p<0.001). Forty-six I[JVs (15%) in 42
patients (28%) were categorized as occluded [2 (<1%)]
or nearly occluded [44 (14%), and 26 IJVs (8%) in 23
patients (15%) were rated to be absent (2 (<1%])] or
have a pinpoint shape [24 (8%)]. None of these patients
with the most narrowed/deformed IJVs had a diagnosis
of multiple sclerosis. The mean measurements for all
[JVs were: minimal diameter 4 +/- 2 mm, perpendicular
diameter 10 +/- 4 mm, and area 40 +/- 30 mm. Both
subjective shape and narrowing highly correlated with
each of the three measurements (p<0.0001 for all
comparisons). A lateral location with respect to the
transverse foramen of C1 correlated with a smaller IJV
area (p<0.0001).

CONCLUSION

The appearance of the IJV near the craniocervical
junction is quite variable, with an occlusive or near
occlusive appearance being relatively frequent (28%
prevalence in our study population). Radiologists
should be cautious to report this incidental finding, as
these results suggest it is a frequent anatomical variant.

KEY WORDS: Internal jugular vein, pseudostenosis,
anatomical variant
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Unifocal versus Multifocal Mandibular Fractures:
Demographics by Age and Injury Location
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PURPOSE

High incidence of unifocal mandibular fractures has
been reported. The purpose of this study is to compare
the age demographics of patients with unifocal and
multifocal mandibular fractures in the largest imaging
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series to date, and to further characterize fracture
subtype and location based on age.

MATERIALS & METHODS

Maxillofacial CT of patients with mandibular fractures
over a 3-year period were reviewed retrospectively. All
patients were scanned with 64 MDCT and axial 1.25
mm, sagittal and coronal 1.5 mm images were reviewed
with optional 3D reconstructions. In addition to age and
specific trauma history, fracture subtype (simple,
comminuted, displaced) and site (parasymphysis, body,
angle, ramus, coronoid, subcondyle, condyle) were
recorded for each traumatized mandible.

RESULTS

We identified 243 patients (200 males, 43 females, age
range 8 months to 95 years), with 385 fractures.
Unifocal fractures were seen in 120 patients (49% of
the total number of patients). Of these 243 patients, 41
pediatric/young adult patients (less than 21 years old)
demonstrated 67 fractures and 202 adult patients
(greater than 21 years old) demonstrated 318 fractures
(see table). Among patients in both age groups, the
mandibular angle was by far the most common site of
fracture for unifocal injury. Among the younger age
group, the body and parasymphysis were equivalently
and most commonly affected regions of fracture in the
setting multifocal injuries. Among the older age group,
the body was by far the most commonly affected
fracture site in the setting of multifocal injuries.
Coronoid process fractures were less common but were
only seen in the older age group, more frequently
unifocally. Patients with mandibular body fractures
tended to have additional injury affecting the
contralateral mandibular angle or ramus.
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CONCLUSION

Almost half of patients with mandibular fractures
sustained unifocal injuries. Regardless of age, the
mandibular angle was the most common site of unifocal
injury. Among younger patients with multifocal injuries,
the body and parasymphysis were affected most
commonly, whereas among older patients, the body was
the most common site of multifocal injury with
additional fractures typically involving the contralateral
angle or ramus.

Parasym

KEY WORDS: Mandible, fracture
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Pathologic Expansion of the Jaw: A Useful
Parameter in the Differentiation between Benign
and Malignant Lesions
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PURPOSE
To describe the pattern of pathologic bone expansion
among benign and malignant jaw lesions.

MATERIALS & METHODS

Ninety-eight patients of different age groups (mean age:
39 + 18 years) with a clinically suspected jaw lesion
were included in the study. Dental CT with panoramic
and cross-sectional reconstruction was carried out on
all patients.

RESULTS

Pathologic bone expansion occurred in 17% only of
malignant lesions versus 44% of benign ones (P value=
0.02). A jaw lesion with bone expansion had an Odds
ratio of only 0.19 to be malignant (P value = 0.39, CI =
95%). The direction of expansion (buccolingual versus
mesiodistal) has shown an interesting relation to the
type and location of jaw lesions.

CONCLUSION

Pathologic bone expansion was found to be an
important imaging parameter that should be evaluated
by dental CT when differentiating benign from
malignant lesions of the jaw.

KEeY WORDS: Jaw, bone expansion
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Effects of Aging on Facial Fat Using Quantitative MR
Imaging and Spatial Resolution Enhancement
Technique

Watanabe, M.-Jara, H.-Sekiya, K.Liao, ]J. H.-Kussman,
S.-Nadgir, R. N.-Sakai, O.

Boston Medical Center-Boston University School of
Medicine
Boston, MA

PURPOSE

To study the effect of aging on facial fat using
quantitative MRI (gMRI) analysis of proton density
(PD), T1 and T2 values.

MATERIALS & METHODS

Following IRB approval and after obtaining informed
consent, 36 subjects (19 males, 17 females; age range
0.5-87 years, mean 32 years) underwent brain imaging
which included the mixed-TSE pulse sequence using a
1.5 T magnet. Subjects consisted of three volunteers and
33 patients who were referred for various clinical
reasons, including stroke, headache, seizure, epilepsy,
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developmental delay, and dementia. None of the
subjects carried a history that might result in facial
tissue asymmetry (i.e, trauma, facial weakness, and
perineural tumor spread). Proton density values of
cerebrospinal fluid were normalized to 1.0 for each
subject. Using spatial resolution enhancement
technique, each voxel (size: 0.94 x 0.94 x 3 mm3) was
subdivided into smaller voxels (size: 0.31 x 0.31 x 3
mm3). Then, T1, T2 and PD measurements were
obtained within a rectangular voxel-based region-of-
interest (ROI) in buccal fat, subcutaneous cheek fat, and
four eyelid fat regions in medial and lateral portions of
upper and lower eyelids bilaterally.

RESULTS

The lateral lower eyelid region demonstrated
characteristic age dependency; consistent decrease in
T1 value with age was seen. The lateral upper eyelid
and medial lower eyelid regions demonstrated slight T1
increase with age while medial upper eyelids showed
relatively stable T1 measurements without age
dependency. T2 values of the lateral lower eyelid
showed greater increase with age compared to other
regions of eyelid fat. Proton density values of all four
eyelid regions demonstrated similar gradual increase
with age. Subcutaneous cheek fat demonstrated slight
increase in PD and T1 values and slight decrease in T2
values, while buccal fat demonstrated stable
measurements in PD, T1 and T2 values without age
dependency.

CONCLUSION

Our results indicate differing aging patterns of regional
facial fat, with most dramatic changes over time at the
lateral lower eyelid. The noninvasive assessment of
facial fat may be useful for quantitative monitoring of
facial aging and evaluation of effectiveness of targeted
antiaging strategies.

KEY WORDS: Facial fat, quantitative MR imaging, aging
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Effects of Aging on Facial Muscles Using Quantitative
MR Imaging
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PURPOSE

To study the effect of aging on the facial muscles using
quantitative MRI (gqMRI) analysis of proton density
(PD), T1 and T2 values.

MATERIALS & METHODS

Following IRB approval and after obtaining informed
consent, 37 subjects (19 males, 18 females; age range
0.5-87 years, mean 32 years) underwent brain imaging
which included the mixed-TSE pulse sequence using a
1.5 T magnet. Subjects consisted of three healthy
volunteers and 34 patients who were referred for

various clinical reasons, including stroke, headache,
seizure, epilepsy, developmental delay, and dementia.
None of the subjects carried a history that might result
in facial muscle abnormality (i.e, trauma, facial
weakness, and perineural tumor spread). After PD
values of cerebrospinal fluid were normalized to 1.0 for
each subject, T1, T2 and PD measurements were
obtained within a rectangular voxel-based region-of-
interest (ROI) in five facial muscles, including masseter,
buccinator, zygomaticus major, orbicularis oris and
orbicularis oculi bilaterally.

RESULTS

The zygomaticus major muscle exhibited characteristic
age-related changes. A rapid decrease in T2 values was
seen during infancy through early childhood; this
decrease tapered in adolescence. A slight increase then
was seen, beginning in middle age and continuing
through the later years. Proton density and T1 values of
the zygomaticus major muscle increased with age.
Orbicularis oculi muscles showed a slight increase in
PD, T1, and T2 values with increase in age. Masseter,
buccinators and orbicularis oris muscles demonstrated
relatively stable measurements in PD, T1, and T2 values
for all ages.
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CONCLUSION
Our results indicate differing aging patterns of specific
facial muscles, which could contribute to the

morphologic changes in facial aging. The in vivo
assessment of facial muscles would be useful for
quantitative monitoring of facial aging, designing
targeted antiaging strategies and evaluation of
effectiveness of the antiaging strategies.

KEY WORDs: Facial muscle, quantitative MR imaging,
aging
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Parotid Gland Atrophy: A New Finding in Patients
with Denervation of the Trigeminal Nerve
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F.3-Fatterpekar, G.1
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PURPOSE

Trigeminal nerve (CN5) denervation is associated with
atrophy of muscles innervated by the mandibular (V3)
branch. Atrophy of the parotid gland accompanying
such masticator muscle atrophy has not been described
previously. The purpose of our study was to evaluate
the association between parotid gland atrophy and CN5
denervation.

MATERIALS & METHODS

A multi-instituitional retrospective study was carried
out evaluating for cross-sectional (CT or MRI) imaging
evidence of masticator muscle atrophy. Patients with
myasthenia gravis, polymyositis, progressive systemic
sclerosis, or rheumatoid arthritis which are systemic
conditions known to cause masticator muscle atrophy
were excluded from the study. In addition, patients with
enhancement along the glossopharyngeal nerve and
diffuse metastatic disease were excluded from the
study. Based on these inclusion and exclusion criteria,
26 such cases of masticator space atrophy were
identified. These cases then were evaluated for the
degree of fatty replacement of the masticator group of
muscles, and the presence of ipsilateral parotid gland
atrophy. Fatty replacement of the masticator group of
muscles was graded as 0 = partial, and 1 = complete.
Ipsilateral parotid gland atrophy was graded as 0 =
absent, and 1 = present. A two-tailed Fisher’s exact test
for categorical data was used to determine the
correlation between the parotid gland atrophy in the
side ipsilateral to the masticator space atrophy.

RESULTS

Partial fatty replacement of the masticator group of
muscles was seen in five of the 26 patients (19%), and
complete fatty replacement was seen in the remaining
21 patients (81%). Ipsilateral parotid gland atrophy
was seen in nine of the 26 patients (35%). More
specifically, such parotid gland atrophy was seen only in
patients with complete fatty replacement of the
masticator group of muscles (9/21 = 43%). Statistical
analysis using Fisher’s exact test demonstrated a p
value < 0.0001, suggesting that this correlation between
the parotid gland atrophy and CN5 denervation is
significant. We presume that such atrophy of the
parotid gland likely is influenced also by the chronicity
of the event, and hence was not demonstrated in all our
patients.

CONCLUSION
Ipsilateral parotid gland atrophy can sometimes be seen
in the setting of trigeminal nerve denervation. Plausible

hypothesis include: 1. Connections between the
glossopharyngeal nerve and the auriculotemporal
nerve, a branch of the mandibular division (V3) of the
trigeminal nerve which provides parasympathetic
innervation to the parotid gland. 2. Secondary disuse
atrophy from atrophy of the masticator group of
muscles.

Key WOoRDs: Trigeminal nerve, parotid gland,
denervation
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Optimization of Contrast-Enhanced Multidetector
CT Protocol for Parotid Tumor: What Does
Contribute the Better Lesion Conspicuity of Parotid
Tumor in Neck CT Examination?

Lee, Y.1Kim, T.1-Seo, H.1-Suh, S.2-Lee, N.3-Kim, ].3:Seol,
H.2

1Ansan Hospital Korea University College of Medicine,
Ansan, KOREA, REPUBLIC OF, 2Guro Hospital Korea
University College of Medicine, Seoul, KOREA,
REPUBLIC OF, 3Anam Hospital Korea University College
of Medicine, Seoul, KOREA, REPUBLIC OF

PURPOSE

To determine the effect of various contrast media (CM)-
enhanced MDCT scanning parameters for better lesion
conspicuity of parotid tumor.

MATERIALS & METHODS

We enrolled pathologically proven 237 parotid tumors
(mean size: 26 * 10 mm) which consisted of 27
malignant tumors, 116 pleomorphic adenomas, 64
Warthin’s tumors, 17 basal cell adenomas and 13
others. Their preoperative 64-channel CT images were
obtained by monophasic or biphasic scanning including
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following four acquisitions: without CM, and 40 s, 50 s
and 70 s after intravenous injection. We recorded
parotid-tumor difference (PTD) and contrast to noise
ratio (CNR) by measuring Hounsfield values of parotid
tumor, parenchyma and noise of ipsilateral masseter
muscle. Their PTD and CNR were compared statistically
to evaluate effects of scan delay, tumor size, iodine
concentration of CM and pathologic types using
multivariate analysis (p<.05).

RESULTS

Scan delay and pathologic types significantly affected
PTD, CNR of parotid tumors, but tumor size and iodine
concentration of CM did not. Compared with
nonenhanced CT images, PTD and CNR of parotid
tumors were best at CM-enhanced CT images with 50 s,
which showed tendency to decline in more prolonged
scan delay after 50 s. Significant differences of PTD, CNR
depending on pathologic type were only found between
pleomorphic adenoma and warthin’s tumor in CT
examination with 50 s.

CONCLUSION

For better lesion conspicuity of parotid tumor, MDCT
scanning should begin 50 s after start of CM injection.
KEeY WoRDS: Parotid, CT, contrast media
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Parotid Gland Tumor Apparent Diffusion Coefficient
Measurements: Effect of Region-of-Interest Methods
on Apparent Diffusion Coefficient Values
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PURPOSE

Apparent diffusion coefficient (ADC) value has been
reported to be a useful imaging biomarker to identify
pathologic types and differentiate between benign and
malignant tumors in salivary gland. However, ADC
values are influenced by various methods for region of
interest (ROI) placement. The purpose of this study is to
assess the influence of ROI positioning on tumor ADC
measurements in the patients with parotid gland
tumors.

MATERIALS & METHODS

Clinical charts and imaging data of 28 patients with 29
parotid gland tumors (17 males, 11 females: 11
pleomorphic adenomas, 13 Warthin’s tumors, 5
malignant tumors) who underwent MR imaging prior to
biopsy or surgical resection between April 2007 and
March 2011 were evaluated retrospectively. MR
imaging  including  diffusion-weighted  imaging
performed using a 1.5 T MR scanner. Tumor ADC values
were measured according to three ROI placement
methods: (1) whole-volume, (2) single-slice, and (3)
small solid samples. Regions of interest were drawn
manually along the entire tumor on each slice for

whole-volume method, and on a single slice containing
the largest available tumor area for single-slice method.
For small solid samples method, three small round ROIs
were placed on the solid portion of the tumor. These
three ROI methods were compared for differences in
ADC measurements [mean ADC value (ADC mean),
minimum ADC value (ADC min), relative ADC min (rADC
min = ADC min/ADC mean), and standard deviation
(SD)] and for differences among the tumor types.

RESULTS

Significant differences were noted among three lesion
types (pleomorphic adenoma, Warthin’s tumor, and
primary salivary gland malignancy) in terms of ADC
mean and ADC min using each ROI placement method
(p<0.05, Kruskal-Wallis test). There were no significant
rADC min differences among the lesion types using any
of the ROI placement methods. Standard deviation for
the whole-volume method showed significant
differences among the lesions and the SDs for malignant
tumors were the largest.

CONCLUSION

Region-of-interest positioning may influence focal ADC
measurements within a lesion, however ADC mean and
ADC min values based on each ROI method did not
differ significantly in terms of distinguishing parotid
gland tumor types.

KEeYy WORDSs: Parotid gland tumor, apparent diffusion
coefficient, region of interest
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Open-Angle Glaucoma and Para-Optic Cyst: Initial
Description in a Series of 12 Patients
C.-Lafitte,

Bertrand, A.-Vignal, F.-Koskas,

O.-Héran, F.

P.-Berges,

Fondation Ophthalmologique A. de Rothschild
Paris, FRANCE

PURPOSE

To report for the first time, to our knowledge, the rare
association of para-optic cyst and open-angle glaucoma;
to discuss its pathophysiologic significance and
prognostic value.

MATERIALS & METHODS

During a period of 5 years, 12 patients addressed to our
institution for a visual loss were diagnosed to have a
para-optic cyst on MRI examination. We retrospectively
collected the ophthalmologic reports of these patients
(including fundus and visual field), and their MRI
images (acquired on a 1.5 T MRI, always including a 2
mm thick coronal T2-TSE weighted sequence on the
optic nerves). For seven patients, we completed the
explorations by an Optical Coherence Tomography
(OCT), a U.S. and Doppler examination of eyes and optic
nerves with a bilateral measure of resistance index in
the optic nerve arteries, and a high-resolution MRI of
the optic nerves. High-resolution MRI was performed
on a 1.5 T magnet using a surface coil, and included
millimetric 3D T2 DRIVE and 2 mm thick coronal T1,
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T2-TSE and FLAIR sequences. Volume of the cysts were
measured manually on both 3D DRIVE and coronal T2-
TSE sequences. Resistance index in the arteries of both
eyes were compared using paired t-test or Wilcoxon
signed rank test. Correlation between the size of the
cysts on the one hand, and the indicators of glaucoma
severity on the other hand (mean deviation and pattern
standard deviation on visual field, thickness of the
ganglionnar fiber layer on OCT) were assessed using
Pearson or Spearman correlation coefficient.

RESULTS

All patients had an open-angle glaucoma. Cysts were
always extra-optic and retrolaminar, mostly unilateral
(11/12 patients), with a mean size of 23 mm3 * 14.
Cysts had a high signal on T2 and FLAIR sequences, and
a variable signal in T1 and variable echogenicity,
suggesting different proteinaceous contents. In 11/12
patients, the cyst had a mass effect on the adjacent optic
nerve. There was no associated perturbation of the
arterial vascularization of the optic nerve on the side of
the cyst. Cyst volumes were correlated conversely with
the severity of glaucoma on the same eye (p<0,01,
Pearson correlation coefficient ; p<0,05, Spearman
correlation coefficient).

CONCLUSION

This is the first report, to our knowledge, of an
association between open-angle glaucoma and para-
optic cyst. If the exact nature of these cysts remains to
be clarified, our initial data suggest that they are
associated with a relatively preserved visual function.
This could suggest that such cysts preserve the
transcribleal pression in patients with open-angle
glaucoma.

KEey WORDSs: Glaucoma, cyst, optic nerve

0-250 11:42 AM - 11:50 AM

MR Imaging Parameters and Clinical Scores in
Thyroid-Associated Orbitopathy: Which One to
Trust for Extraocular Muscle Evaluation?

Politi, L. S.1-Godi, C.2:Cammarata, G.1*Ambrosi, A.2*Falini,
A.23:Bianchi, S.1

10spedale San Raffaele, Milano, ITALY, 2Vita-Salute San
Raffaele University, Milano, ITALY, 3San Raffaele
Scientific Institute, Milan, ITALY

Purposes

1) to find the magnetic resonance imaging (MRI)
parameter best representing disease activity and extra-
ocular muscle dysfunction in thyroid-associated
orbitopathy (TAO); 2) to assess the role of diffusion-
weighted imaging (DWI) of the orbits in TAO patients;
2) to compare clinical and MRI measures in patients
affected by TAO at baseline and after treatment.

MATERIALS & METHODS

Seventy-four patients affected by TAO underwent
clinical and ophthalmologic evaluation and a MRI study
including T2-SPIR, spin echo T1, postgadoliniumT1-
SPIR (T1Gad) and DWI (b = 0-700) sequences.
According to the Clinical Activity Score (CAS), patients
were divided into two groups, with inactive (CAS 0-2)
or active (CAS 0-6) disease. A functional score (1 =
normal; 4 = severe impairment) was assigned to every
rectus muscle. Signal intensities and apparent diffusion
coefficient (ADC), measured on all recti-muscles of both
orbits, were normalized to the signal intensities of the
right thalamus (SIRs) and then compared with those
from 26 healthy subjects and with patients’ clinical
scores. Clinical, ophthalmologic examination and MRI
follow up after intravenous steroid treatment were
available in 35 patients. Mann-Whitney, Wilcoxon
Signed Rank Test and Spearmann Correlation were
applied for statistical analysis.

RESULTS

Patients had T2-SPIR, T1Gad and ADC SIRs higher than
healthy subjects (p<0.001). T2-SPIR and T1Gad SIRs
showed significant increase (p<0.001) in the group of
patients with active disease compared to the inactive
one. Further, T2-SPIR, T1Gad and ADC SIRs were
significantly higher in patients with inactive disease
when compared to healthy controls. T2 and T1Gad SIRs,
but not ADC, showed a significant correlation (p<0.01)
with muscle dysfunction and CAS levels in the affected
subjects. In addition, T2 and ADC SIRs of patients’
muscles with no clinical evidence of dysfunction or
active disease were significantly higher than those of
healthy controls. All SIRs significantly reduced
(p<0.001) in muscles that had clinical improvement
after therapy; interestingly, even in the group of
clinically stable-functioning muscles, a significant
reduction (p<0.01) in MRI parameters was detected
after therapy.

CONCLUSION

MR imaging is able to depict disease involvement even
in clinically spared extraocular muscle and could be
more sensitive than ophthalmologic scores to
modifications of muscle involvement. Thus MRI should
be included in clinical trials for evaluation of
therapeutic efficacy and in the clinical management of
TAO patients.

Key WoRDSs: Thyroid-associated orbitopathy, DWI, MR
imaging
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0-251 11:50 AM - 11:58 AM

Procedure Times for MR Imaging-Guided
Sclerotherapy of Low-Flow Vascular Malformations
in Head and Neckat 1.5 T

Sandhu, G. S.!-Derakhshan, J. J.1-Nour, S. G.2-Lewin, J.
S.3-Griswold, M. A.1-Sunshine, J. L.1-Hsu, D. P.1

1University Hospitals of Cleveland, Cleveland, OH,
2Emory University, Atlanta, GA, 3Johns Hopskins
University, Baltimore, MD

PURPOSE

MR imaging-guided sclerotherapy of low-flow vascular
malformations was described initially at 0.2 T.
Subsequently, the use of a 1.5 T system was reported,
where the needle was placed into the lesion outside the
magnet bore and the sclerosing agent then was injected
under image guidance. Sclerotherapy now is performed
at 1.5 T at our institution with the steps of needle
placement as well as injection monitored by MRI. Here
we study the times spent on various steps of
sclerotherapy in all consecutive sessions conducted by a
radiologist over a 2-year period.

MATERIALS & METHODS

A total of 29 sclerotherapy sessions were conducted on
lesions located in the head/neck of 11 subjects (age 13
days to 67 years) between August 2009 and July 2011.
During each session, diagnostic images were first
obtained to plan the needle trajectory. Subsequently,
the skin entry site for the needle was localized by
moving a syringe filled with water along the skin
surface while monitoring by continuous imaging using a
tri-plane True fast imaging with steady-state precession
(True-FISP; TR/TE/a 5.2 ms/2.6 ms/60° voxel size
1.3x1.3x5 mm, averages 3) pulse sequence. Alignments
of the three imaging planes of True-FISP were user-
specified. Then an MRI-compatible needle was inserted
into the lesion under image guidance using the same
True-FISP. A sclerosing agent (ethanolamine/
doxycycline) mixed with gadopentate dimeglumine
(2pumol/1 cc) was administered while monitoring from
images obtained using a tri-plane fast low-angle shot
(FLASH; TR/TE/a 11.5 ms/5.3 ms/25° voxel size
1.3x1.3x5 mm, averages 3) pulse sequence with similar
alignments of the three planes to the True-FISP. Finally,
diagnostic imaging was repeated to verify success of the
injection. The first 26 sessions were conducted using
our first-generation True-FISP and FLASH (time/frame
4 and 8 sec, respectively). The last three sessions were
conducted using second-generation sequences with
shorter frame times (250 ms-1 sec for True-FISP, 500
ms-2 sec for FLASH) constructed by removing averaging
and varying spatial resolutions. Times spent on entry
site localization, needle placement, sclerosing agent
injection, total needle and total scanner times were
noted for each session.

RESULTS

The mean value * standard deviation (min: sec) of times
spent on entry site localization, needle placement and
injection is 6:18 + 8:25, 5:02 + 7:38 and 3:21 * 2:45,
respectively. Corresponding values of total needle and

scanner times are 10:36 + 9:59 and 97:10 + 23:48. Total
needle time forms only 10.8% of total scanner time, the
remaining fraction of which was spent on diagnostic
imaging and operational planning. The mean value of
total needle time in our study is =33% of the
interventional time previously described at 0.2 T. In our
initial experience, the use of second-generation
sequences has further reduced total needle time.
Complications are limited to one subject who developed
skin breakdown over the lesion, which healed without
any further intervention.

CONCLUSION

Flexibility in choosing alignments of three planes of
interventional imaging sequences helps reduce the risk
of injury to structures located in vicinity to the needle
and in reducing procedure times. Sclerotherapy of low-
flow malformations in the head/neck region is
successfully performed at 1.5 T using tri-plane imaging
for guidance with a reduced needle time of 10 min.

Key WoRDs: MR imaging-guided sclerotherapy, low-
flow vascular malformations, interventional MR
imaging
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Pathologic Fetal Brain at "Rest"

Schopf, V.-Kasprian, G.-Brugger, P. C.-Prayer, D.

Medical University Vienna
Vienna, AUSTRIA

PURPOSE

Functional magnetic resonance imaging (fMRI) has
allowed insights into the spatiotemporal distribution of
human  brain  networks. According to the
neurophysiologic property of the fetal brain to generate
spontaneous activity, it has been shown already that
resting-state network (RSN) patterns constitute in utero
(Schopf et al, 2011). In this study we investigated how
detectable morphologic abnormalities of the fetal brain
influence the emergence and constitutions of RSNs in
utero.

MATERIALS & METHODS

This study included eight singleton fetuses between
gestational weeks (GW) 20 - 36 from fetuses with brain
abnormalities. One hundred and six patients were
measured, 71 data sets had to be excluded due to
movement related issues, 16 fetuses did not show any
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brain development abnormalities. Fetuses were
diagnosed with an oligo hydramnion and complete
kidney agenesis (fetus 1), a semilobar
holoprocencephaly and hypertelorism (fetus 2),
ventriculomegaly (fetus 3), Dandy Walker syndrome
(fetus 4), an occipital tumor and clubfoot deformity
(fetus 5), retrognathia, cardiomyopathy, bell-shaped
thorax, and Noonan syndrome (fetus 6), and corpus
callosum agenesis (fetus 7 and 8). MR imaging was
performed on a 1.5 T unit (Philips Medical Systems,
Best, The Netherlands) using a SENSE (sensitivity
encoding) cardiac coil with five elements.
Measurements were performed using single-shot
gradient-recalled echo-planar imaging (EPI). Between
10 and 15 axial slices (5 mm thickness) were acquired
with a matrix size of 144 x 144, FOV of 250 x 250 mm
and TE/TR of 50/1000 ms and a flip angle of 90°.
Measurements included 50 to 300 image volumes with
slices obtained perpendicular to the brainstem. Image
preprocessing was performed with FSL (FMRIB's
Software Library, www.fmrib.ox.ac.uk/fsl) including
motion correction as implemented in MCFLIRT (FMRI
motion correction tool) version 5.5 and brain extraction
as implemented in BET (brain extraction tool) version
2.1. The single-subject time series volumes then were
analyzed using independent component analysis (ICA)
as implemented in MELODIC (multivariate exploratory
linear decomposition into independent components)
version 3.10, a part of FSL, using FastICA (Beckmann et
al, 2004).

RESULTS

Resting-state network patterns were obtained in all
fetuses with brain malformations investigated. The
extent of the network patterns differed depending on
the brain pathology. Activity clusters were constituted
as consistent and coherent configuration located in
nonpathologic subplate areas. Among these RSNs a
frontal network composition was detected consistently
across all gestational ages and investigated fetuses
especially showed varying spatial and temporal
extension.

CONCLUSION

Information on connectivity and extend of functional
resting-state networks in fetal pathologic brains can
help to provide a predictive measure on the
developmental outcome of the brain in the future.

Key WOoRDs: Functional MR imaging, resting-state
networks
0-253 10:38 AM - 10:46 AM

Development of Functional Brain Network

Interactions during Movie Watching

Gao, W.-Gilmore, ].-Lin, W.

University of North Carolina at Chapel Hill
Chapel Hill, NC

PURPOSE
It has been suggested that the frontoparietal control
network (FPC) will selectively augment/decrease the

default network (DF) and dorsal attention network
(DA), respectively, to cope with the cognitive demand
elicited by movie watching in adults. In this study, we
aimed to investigate the developmental processes of
functional network interactions among the three
networks during movie watching from children to
adults.

MATERIALS & METHODS

Twenty-one 4-year-old (10 male, 48~53 months), 25 6-
year-old (11 male, 73~78 months) and 16 adult
subjects (9 male, 25~33 years) were recruited to
undergo fMRI scan during natural, continuous movie
watching in a 3 T scanner. AT2*-weighted EPI sequence
was used with TR = 2 sec, TE = 32 ms; 33 slices; and
voxel size = 4 x 4 x 4 mm3. One hundred fifty volume
data were acquired. Anatomical images also were
acquired with TR = 1820 ms; TE = 4.38 ms; inversion
time = 1100 ms; 144 slices; and voxel size=1x1x 1
mma3. After preprocessing and warping all fMRI images
into the MNI template space, the functional regions for
each network were defined as spheres (8 mm radius)
around previously published MIN coordinates (6, 9, and
6 regions for FPC, DA, DF, respectively). Functional
interactions between pairs of regions were calculated as
the Pearson correlation between the corresponding
average time series.

Subsequently, both the within-network synchronization
and the between-network interaction pattern were
compared statistically across the three age groups to
delineate their temporal evolution. Significance was
defined as p<0.05 after FDR correction for multiple
comparisons.

RESULTS

For the individual networks, neither DA nor DF network
shows significant age-dependent changes in mean
connection strength and the connection density
(number of significant connections over all possible
ones) is above 50% for both networks in all three age
groups. In contrast, the mean connection strength of the
FPC shows significant, step-wise increases (p = 0.03
from 4 to 6 year olds; p = 0.004 from 6 year olds to
adults) and the connection density similarly increases
from 36.1% in 4 year olds to 86. One per cent in 6 year
olds and adults. The between-network interaction
patterns demonstrate more dynamic changes.
Specifically, when comparing adults with the pediatric
groups: (1) the positive interactions between FPC and
DF significantly increase (p = 0.003/0.03 for 4 year/6
year olds, respectively); (2) the negative correlations
between DA-FPC significantly decrease (i.e, more
negative, p = 2.8e-6/3.8e-5 for 4 year/6 year olds,
respectively); (3) the negative interactions between DA-
DF also significantly decrease (p = 2.7e-5/7.5e-4 for 4
year/6 year olds, respectively). Overall, the connection
density between these three networks jumps from
13.2% in 4 year olds to 25.0% in 6 year olds and finally
reaches 55.6% in adults.

CONCLUSION

While the network architectures of DA and DF are
already adult-like in 4 year olds, the executive control
network-FPC demonstrates continuing age-dependent
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integration process from 4 years olds to adults, which is
consistent with the documented late emergence of
related brain functions such as conflict resolution and
self-control (6). More importantly, all between-network
interactions show age-dependent improvements
consistent with their matured architecture, suggesting
that the maturation of FPC may play a critical role in the
network-level interaction among the three networks.

KEY WORDS: Brain development, functional networks,
resting state

0-254 10:46 AM - 10:54 AM

Regional Involvement of Central Visual Pathways in
Preterm Children with Periventricular
Leukomalacia: Spatial Distribution Maps and “Along
Tract” Probabilistic Tractography Analysis

Ceschin, R.1*Wisnowski, ].23-Bluml, S.23-Panigrahy, A.1.2

1Children's Hospital of Pittsburgh of University of
Pittsburgh Medical College, Pittsburgh, PA, 2Children's
Hospital of Los Angeles, Los Angeles, CA, 3University of
Southern California, Los Angeles, CA

PURPOSE

To test the hypothesis that there is preferential regional
damage to central visual pathways in preterm children
with periventricular leukomalacia (PVL). We use novel
postprocessing methodology to improve spatial
visualization of probabilistic tractography data and
enhance the ability to see “along” tract distribution.

MATERIALS & METHODS

Diffusion tensor images were acquired on a 1.5 T GE
scanner in 25 directions on 16 preterm children with
PVL (mean age 5.6 * 4) and 75 controls (mean age 5.7 +
3.4). Probabilistic tractography and Tract-based spatial
statistics (TBSS) were performed using Oxford’s FMRIB
to delineate central visual pathways [optic radiation,
posterior thalamic radiation, inferior frontal orbital
fasiculus (IFOF), inferior frontal fasiculus (ILF) and
splenium]. Fractiional anisotropy (FA) maps were
coregistered into standard space using FSL’s nonlinear
registration method (FNIRT), and the resulting warps
were applied to the previously delineated tracts. Spatial
distribution maps were generated by overlaying each
cohort's averaged bilateral tracts onto standard space
and thresholding to only include voxels containing at
least 10% of subject tracts. Mean FA was extracted at
each slice along the principal longitudinal direction of
the tract, for each subject in coregistered space.

RESULTS

Significant group differences were noted using both the
TBSS and averaged probabilistic tractography metrics
measurements in both dorsal and ventral stream
central visual pathways (p <0.001), but no regional
specificity could be determined. For cortical-cortical
association pathways like the ILF (ventral visual
pathway) both probability distribution maps and the
"along" tract measurements revealed a preferential
injury to the posterior regions of the tract compared to
the anterior regions (Figures 1 and 2)
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CONCLUSION

There is preferential posterior regional injury to central
visual pathways in children with PVL which was best
depicted by novel probabilistic tractography spatial
distribution maps and "along" tract analysis compared
to TBSS and averaged tractography based metric
measurements.

KEY WORDS: Prematurity, tractography

0-255 10:54 AM-11:02 AM
Microstructural Abnormalities in Central Visual
Pathways in Neonates with Congenital Heart
Disease

Panigrahy, A.12-Paquette, L.2-Wisnowski, ].23:Del
Castillo, S.2-Pruetz, J. D.2-Detterich, J. A.2-:Ceschin,
R.1-Nagasunder, A. C.2-Tavarsé, ]. C.2-Gilles, F. H.2-Seri,
[.2-Williams, R. G.2-Bliiml, S.23

1Children's Hospital of Pittsburgh of University of
Pittsburgh Medical College, Pittsburgh, PA, 2Children's
Hospital of Los Angeles, Los Angeles, CA, 3University of
Southern California, Los Angeles, CA

PURPOSE

To test the hypothesis that there are selective
microstructural abnormalities in central visual
pathways in neonates with congenital heart disease
(CHD) when compared to other critically-ill term and
preterm neonates without CHD at term-equivalent age.
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MATERIALS & METHODS

A total of 96 term-equivalent neonates from a single
institutional high-risk neonatal and cardiothoracic
intensive care unit (ICU) population (42 CHD, 26
preterm controls and 28 term control infants)
participated in this IRB-approved, HIPPA compliant
study. Enrolled patients underwent clinically indicated
MR studies with the addition of diffusion tensor imaging
(DTI). Diffusion tensor imaging metrics were measured
using two independent quantitative analyzes: (1)
manually-traced standardized ROI placement and (2)
automated voxel-based tract-based spatial statistics
(TBSS). Statistical comparison was performed using
ANOVA with Bonferroni correction. Correlation with
peri-operative clinical variables also was performed.

RESULTS
There was no difference in the postmenstrual age seen
by MRI evaluation between the three neonatal groups at
term-equivalent age. Widespread microstructural
abnormalities were detected in multiple central visual-
related tracts (inferior frontal orbital fasiculus, the optic
radiation and the splenium) and multiple nonvisual
related tracts (genu, posterior limb internal capsule) in
the CHD group when compared to the control term
group. In contrast, there were only little microstructural
differences in the CHD cases compared to the preterm
controls in the selected central visual pathways
including the splenium. In the CHD patients, there was a
high correlation (r) between ADC/radial diffusivity of
the thalamus and the preoperative pH level (r2= 0.6)
and the microstructure of the thalamus was also
modified by age and timing of surgery (p < 0.05). In
addition, the thalamus was the only central visual
pathway structure examined that demonstrated
significant  correlations between microstructural
measurements and perioperative factors (p < 0.05).
There were no differences in the microstructure of the
central visual pathways between the preoperative MR
scan and postop MR scans.
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CONCLUSION

Neonates with CHD at term-equivalent age demonstrate
diffuse microstructural abnormalities when compared
to other high-risk term neonates without CHD. Marked
similarity of microstructural changes with minimal
differential involvement of central visual pathways
between CHD neonates and preterm neonates without
CHD suggest that there might be common mechanisms

of aberrant development which may underlie some of
the similar long-term cognitive visual deficits that are
seen in these patients.

KEey WoORDSs: Congenital heart disease

0-256 11:02 AM - 11:10 AM

MR Imaging and Ultrasonography of the Brain in the
Extreme Preterm Neonate

Barnes, P. D.1-Bulas, D.2-Slovis, T.3-Wrage, L.4-Cheng,
H.4-Hintz, S.1-Higgins, R.5-Finer, N.6-Das, A.4

1Lucille Packard Children's Hospital at Stanford, Palo
Alto, CA, 2Children's National Medical Center,
Washington, DC, 3Children's Hospital of Michigan,
Detroit, MI, 4RTI International, Research Triangle Park,
NC, 5The Eunice Kennedy Shriver National Institute of
Child Health and Human Development, Bethesda, MD,
6University of San Diego, San Diego, CA

PURPOSE

To compare near-term brain MRI with early and late
brain ultrasound (US) in a large cohort of extreme
preterm newborns.

MATERIALS & METHODS

A prospective secondary study was done of near-term
MRI (mean PMA 37.9 weeks) as compared with early
(4-14 days postnatal age) and late (34-42 weeks PMA)
US in 480 infants (mean 25.9 weeks EGA) as part of the
multicenter, NICHD Neonatal Research Network NRN
Surfactant Positive Airway Pressure and Oximetry Trial
(SUPPORT). All had late US and MRI within 2 weeks of
each other. Independent MRI and US central readers
were masked to the clinical and other neuroimaging
findings.

RESULTS

Three hundred six (89.5%) of 342 infants with normal
late US had normal near term MRI or only mild white
matter abnormalities (WMA); the remaining 36 (10.5%)
had moderate-severe WMA. All 18 infants with late US
findings of moderate-severe ventriculomegaly (VMG)
had MRI findings of moderate-severe WMA, moderate-
severe VMG, or cystic lesions. Seventy-six per cent of 46
infants with grade 3 or 4 hemorrhage on early US had
moderate-severe WMA on MRI. On MRI, cerebellar
abnormalities were present in 79 (16.5%) and cerebral
gray matter abnormalities were present in 6 (1%).
Posterior fossa lesions were seen on US in 1.6%, but
mastoid views were included in only about 50% of the
centrally read US.

CONCLUSION

In the largest extreme preterm cohort to date with near-
term MRI and serial US, 19% had moderate to severe
WMA on brain MRI, similar to previous reports.
Cerebellar abnormalities were detected more
frequently by MRI than by US. Neurodevelopmental
outcomes at 18-22 months and school age will assess
the relative and combined values of MRI and US as
outcome predictors.
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0-257 11:10 AM - 11:18 AM

MR Imaging in Therapeutic Hypothermia for Term
Hypoxic-Ischemic Encephalopathy

Shankaran, S.1-Barnes, P. D.2-Hintz, S.2-Laptook,
A3-Higgins, R.4-McDonald, S.>-Zaterka-Baxter, K.5-Das,
A5

1Wayne State University School of Medicine, Detroit, MI,
2Lucille Packard Children's Hospital at Stanford, Palo
Alto, CA, 3Women's & Infants Hospital of Rhode Island
Brown University, Providence, RI, 4The Eunice Kennedy
Shriver National Institute of Child Health and Human

Development, Bethesda, MD, S5RTI International,
Research Triangle Park, NC

PURPOSE

To correlate brain MRI findings with

neurodevelopmental outcomes in a retrospective study
of term neonates enrolled in a NICHD Neonatal
Research Network trial of whole body hypothermia.

MATERIALS & METHODS

Brain MRI findings were obtained by 44 weeks
postmenstrual age in 136 infants with moderate-severe
hypoxic-ischemic encephalopathy (HIE) who were
randomized to cooling (33.5 degrees C for 72 hours).
There were 73 in the hypothermia group and 63 in the
control group. All MRIs were reviewed by a central
reader masked to the clinical findings, groupings, and
outcomes. The MRI findings were scored systemically
according to pattern and extent of injury, including
involvement of the cerebral hemispheres, basal ganglia,
thalami, internal capsules, and other structures. Brain
injury scores were correlated with death or disability at
18 months postnatal age.

RESULTS

No MRI abnormalities were observed in 38 of 73 infants
(52%) in the cooled group and in 22 of 63 infants (35%)
in the control group (P = 0.08). Infants in the cooled
group had fewer areas of injury (12%) as compared
with the control group (22%, P = 0.02). Fifty-one infants
were dead or disabled by 18 months. The brain injury
score correlated with outcome of death or disability (P
=0.001) and disability among survivors (P = 0.0001).

CONCLUSION

Fewer areas of brain injury on MRI were observed
following whole-body cooling. The MRI brain injury
score is a marker of death or disability at 18 months
following hypothermia for term HIE.

KEeYy WoORDs: Neonatal, hypoxia-ischemia, MR imaging
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Prognostic Utility of Combined Apparent Diffusion
Coefficients and MR Spectroscopy in Infants with
Hypoxic Ischemic Injury

Johnson, J. M.!:Ratai, E.1:Chou, ].!*Krishnamoorthy,
K.1-Caruso, P.1*Grant, P. E.21

1Massachusetts General Hospital, Boston, MA,

2Childrens Hospital Boston, Boston, MA

PURPOSE

Hypoxic-ischemic injury (HII) is an important cause of
perinatal mortality and morbidity. Because the
prognosis is uncertain, reliable prognostic indicators
are needed. MR spectroscopy (MRS) and diffusion-
weighted imaging (DWI) have emerged as potential
biomarkers for outcome. The purpose of this study was
to evaluate combined use of ADC and MRS
measurements retrospectively for prediction of
outcome in neonates after HII.

MATERIALS & METHODS

A retrospective database search identified 17 neonates
(mean gestational age 39.1 weeks) with HII. Patients
were studied at 1.5 T within 5 days of life. Newborns
with congenital malformations, inherited metabolic
disorders, and evidence of intracranial infection were
excluded. None underwent hypothermic treatment.
Single voxel 1H-MRS (TR/TE = 1500/144 ms, NA = 128)
was performed over a region of the right basal ganglia
(BG). Absolute concentrations of choline (Cho), creatine
(Cr), lactate (Lac) and N-acetylaspartate (NAA)