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$OPRVWWKUHHKXQGUHGIDFXOW\SRVWGRFWRUDOIHOORZVVWXGHQWVDQGUHVHDUFKVWDIIIURPDFURVVWKHXQLYHUVLW\DUHDI¿OLDWHG
with research programs in the Department of Radiology representing the following departments:

Nephrology
Neurobiology
Neurology
Neurosurgery
OB/GYN
Orthopedics/Orthopedic Surgery
Pediatrics/Neonatology
Psychiatry
Psychology
Radiation Therapy
Stanford Center for Biomedical Ethics
Stroke Center
Surgery
Urology

Anesthesia
Applied Physics
Bioengineering
Cancer Biology
Cardiovascular Medicine
Chemistry
Computer Sciences
Electrical Engineering
ENT
Functional Restoration
Infectious Diseases
Materials Science
Mechanical Engineering
Medical Informatics
Medicine/Oncology

6\[ZPKL*VSSHIVYH[VYZ
Active collaborations are in place with researchers from outside Stanford representing the following institutions:

9DVFXODU6XUJHU\
Alza Corporation
Amgen
Brown University
Cedars Sinai, Los Angeles
Chiron Corporation
Colorado State University – Boulder
The Canary Foundation
Dana Farber Cancer Institute
Diadexus
Endius
Ethicon
FeRx, Inc.
Fred Hutch Cancer Center
Genentech, Inc.
GE Medical Systems
Glaxo Smith Kline
Intel
Intronn Inc.
Mag Design and Engineering
MediCorp Health System

Medimmune Inc.
Mellennium Pharmaceuticals
NexRay
Nova R&D Inc.
3DOR$OWR9HWHUDQV$GPLQLVWUDWLRQ
3¿]HU
Prostrate Cancer Foundation
Riken, Saitama, Japan
RMD Inc.
Siemens Medical Systems
Smith Kettlewell Eye Institute
SRI International
University of California, Berkeley
University of California, Davis
University of California, Irvine
University of California, Los Angeles
University of California, San Francisco
University of California, San Diego
University of Texas, Austin
9DULDQ0HGLFDO6\VWHPV
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7KH /XFDV &HQWHU LV KRPH WR WKH 5DGLRORJLFDO 6FLHQFHV
/DERUDWRU\ 56/ DVHFWLRQRIWKH5DGLRORJ\'HSDUWPHQW
and in conjunction with the Electrical Engineering
'HSDUWPHQW LV KRVW WR WKH Center for Advanced MR
TechnologyDQ1,+IXQGHG1DWLRQDO5HVHDUFK5HVRXUFH
,WVVWDWHRIWKHDUWLPDJLQJIDFLOLWLHVVXSSRUWKXQGUHGVRI
RQFDPSXV DQG H[WUDPXUDO UHVHDUFKHUV DV D FRUH IDFLOLW\
2FFXSDWLRQRIWKH/XFDVH[SDQVLRQVSDFHEHJDQLQ
DQG LV QRZ FRPSOHWH 7KH QHZ FRQIHUHQFH IDFLOLW\ WKH
5DGLRORJ\/HDUQLQJ&HQWHUKDVEHHQDZRQGHUIXODVVHWIRU
WKH GHSDUWPHQW DQG WKH 56/ ZLWK GDLO\ XVH IRU UHVLGHQW
FRQIHUHQFHVJURXSPHHWLQJVVHPLQDUVDQGFODVVHV

;/,9(+0636.0*(3:*0,5*,:3()69(;69@
)RUWKH¿UVWWLPHLQVHYHUDO\HDUVWKH56/KDVKDGDUHODWLYHO\ VWDEOH FHQVXV ZLWK  IDFXOW\ DSSUR[LPDWHO\ 
JUDGXDWHDQGSRVWGRFWRUDOVWXGHQWVVFLHQWL¿FVWDIIDQG
7 administrative assistants, as well as the Lucas Center/
56/$GPLQLVWUDWLYH'LUHFWRU'RQQD&URQLVWHU'U'DQLHO
)LDW D YLVLWLQJ VFKRODU FRQWLQXHV WR SHUIRUP UHVHDUFK LQ
LPDJLQJRI2[\JHQ'UV+VLDR:HQ&KXQJDQG<L6XQ
ERWKIURP7DLZDQYLVLWLQJ6WDQIRUGDQGFROODERUDWLQJZLWK
Dr. Norbert Pelc.
The faculty serve in a wide variety of advisory roles to
government and foundation agencies such as the NIH and
LQSROLF\PDNLQJSRVLWLRQVIRULQWHUQDWLRQDOVFLHQWL¿FVRFLHWLHVVXFKDVWKH,6050DQG561$$QXPEHURIRXU
IDFXOW\VFLHQWL¿FVWDIIDQGVWXGHQWVKDYHJDUQHUHGSUHVWLJLRXVDZDUGVIRUWKHLUH[FHSWLRQDOUHVHDUFKDFKLHYHPHQWV
6RPHRIWKH/DE¶VKRQRUVRIWKHSDVW\HDUDUHQRWHGKHUH
ZLWKSOHDVXUH
Rebecca FahrigZDVDSSRLQWHGWRWKH(GLWRULDO%RDUGRI
Medical Physics, an uncommon honor for a junior faculty
VFLHQWLVW 6KH DOVR UHFHLYHG WKH 6\OYLD 6RUNLQ *UHHQ¿HOG
$ZDUG IRU EHVW ³QRQUDGLDWLRQ WKHUDS\´ SXEOLFDWLRQ LQ
Medical Physics LQ  )DKULJ 5:HQ = *DQJXO\$
'H&UHVFHQ]R*5RZODQGV-$6WHYHQV*06DXQGHUV5)
3HOF1-3HUIRUPDQFHRIDVWDWLFDQRGHÀDWSDQHO[UD\
ÀXRURVFRS\V\VWHPLQDGLDJQRVWLFVWUHQJWKPDJQHWLF¿HOG
DWUXO\K\EULG[UD\05LPDJLQJV\VWHP0HG3K\V
-XQ   +HUVWXGHQWLei Zhu, PhD candidate,
1

UHFHLYHGD)HOORZVKLS5HVHDUFK7UDLQHH3UL]H561$
3K\VLFV6XEFRPPLWWHH
Mike MoseleyVHUYHVRQIRXUSUHVWLJLRXVMRXUQDOHGLWRULDO
ERDUGV DQG LV D VWDQGLQJ PHPEHU RI WKH 1,1'6 6WURNH
35*,PDJLQJ*URXSJUDQWUHYLHZFRPPLWWHH+HFRQWLQXHVWRFKDLUWKH6WDQIRUG,$&8&,5%UHYLHZSDQHOIRUDQLPDOUHVHDUFKRQFDPSXVDQGKDVMRLQHGWKH,6050'HDG
3UHVLGHQWV&OXEDVDSDVWSUHVLGHQWRIWKH,6050 MRLQLQJ
Bob HerfkensDQG*DU\*ORYHU 
Kim Butts PaulyVHUYHVRQWKH,6050%RDUGRI7UXVWHHV
DQHOHFWHGSRVLWLRQWKDWGHPRQVWUDWHVSHHUUHFRJQLWLRQRI
her contributions to science. In addition, she is the vice
chair of the Annual Meeting Program Committee, the most
FKDOOHQJLQJFRPPLWWHHRIWKH6RFLHW\7KLV\HDUVKHZDV
invited to be issue editor of Topics in Magnetic Resonance
Imaging +HU JUDG VWXGHQWV KDYH GRQH ZHOO -HDQ &KHQ
UHFHLYHGD%LR;VWXGHQWWUDYHOJUDQWDQG/HQD.D\HUHFHLYHGDQ,6050SRVWHUDZDUGQRPLQDWLRQ
Gary Glover was elected to the National Academy of
Engineering and will be inducted into the Academy in
2FWREHU  'XULQJ D VXUSULVH SDUW\ KHOG LQ WKH QHZ
/LJKW &RXUW LQ WKH /XFDV ([SDQVLRQ KH ZDV IXUWKHU VXUSULVHGDQGKRQRUHGE\DYLVLWIURP'RQ/XFDV

Don Lucas (l) joins Gary Glazer (r) in congratulating Gary
Glover (m) as Dr. Glover learns that he has been elected to the
National Academy of Engineering.
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Sean MackeyDPHPEHURIWKHI05,JURXSKDVKDGQXmerous interviews on national television and in Time magD]LQHIRUKLVSLRQHHULQJZRUNRQWKHFRQWURORISDLQXVLQJ
I05,GULYHQELRIHHGEDFNDIWHUUHSRUWLQJUHVXOWVLQ31$6
6HDQDOVRUHFHLYHGDQ1,+5WRIXUWKHUVXSSRUWVSLQDO
FRUG I05, LQ SDLQ Laura Pisani received an NIH F32
IHOORZVKLSDZDUG

SURJUHVVKDVEHHQPDGHLQDOOVL[RIWKHFRUHWHFKQRORJ\
GHYHORSPHQW DUHDV WKDW LQFOXGH UHFRQVWUXFWLRQ PHWKRGV
'ZLJKW 1LVKLPXUD (( 'HSDUWPHQW FRUH GLUHFWRU  LPaging of brain activation (Gary Glover, core director and
3,  GLIIXVLRQ DQG SHUIXVLRQ ZHLJKWHG LPDJLQJ PHWKRGV
0LNH 0RVHOH\ FRUH GLUHFWRU  LPDJLQJ RI FDUGLRYDVFXlar structure and function (Norbert Pelc, core director and
&$057FR3, VSHFWURVFRSLFLPDJLQJGHYHORSPHQW 'DQ
6SLHOPDQFRUHGLUHFWRU DQGLQWHUYHQWLRQDO05,WHFKQLTXH
GHYHORSPHQW .LP%XWWVFRUHGLUHFWRU 0XFKRIWKLVH[FLWLQJ UHVHDUFK LV FKURQLFOHG LQ WKH VFLHQWL¿F UHSRUWV WKDW
follow.

Sylvia Plevritis ZDV SURPRWHG WR $VVRFLDWH 5HVHDUFK
3URIHVVRU RI 5DGLRORJ\  6KH FRDXWKRUHG WZR KLJK LPSDFWMRXUQDOSDSHUVWKDWUHFHLYHGZLGHVSUHDGLQWHUQDWLRQDO
PHGLDFRYHUDJH7KH¿UVWZKLFKDSSHDUHGLQWKH1(-0
TXDQWL¿HVWKHLPSDFWRIPDPPRJUDSK\RQWKH86EUHDVW
FDQFHU PRUWDOLW\ UDWH GHFOLQH DQG WKH VHFRQG ZKLFK DSSHDUHGLQ-$0$HVWLPDWHVWKHFRVWHIIHFWLYHQHVVRIEUHDVW
05,VFUHHQLQJLQZRPHQZKRFDUU\%5&$PXWDWLRQV
6KH LV FXUUHQWO\ 3, RQ IRXU 1&, JUDQWV WKDW DSSO\ FRPSXWDWLRQDOPRGHOLQJWRFDQFHUELRORJ\DQGFDQFHUSDWLHQW
RXWFRPHVVKHVHUYHVDVDVFLHQWL¿FHGLWRURIDVSHFLDOLVVXHRIWKH-1&,0RQRJUDSKGHYRWHGWRPRGHOEDVHGDSSURDFKHVIRUDQDO\]LQJ86EUHDVWFDQFHULQFLGHQFHDQG
mortality rates.
THE NATIONAL CENTER
STANFORD (CAMRT)

FOR

ADVANCED MR TECHNOLOGY

LUCAS CENTER FACILITIES
The Center’s PDMRU H[SDQVLRQ KDV SURYLGHG D ZRQGHUIXODGGLWLRQWRWKH'HSDUWPHQWDQGZHDUHJUDWHIXOWRWKH
/XFDV)RXQGDWLRQIRUWKHVXSSRUW7KH7PDJQHWKDVEHHQ
IXQFWLRQDOVLQFH6SULQJDQGKDVGHPRQVWUDWHGWUXO\
VSHFWDFXODU LPDJHV 0DQ\ H[SHULPHQWV DUH XQGHUZD\ LQ
using this new technology with higher resolution and alternate contrast mechanisms.
Plans for a renovation of the existing 3D lab and animal
PDJQHW VSDFH IRU LQVWDOODWLRQRI D VHFRQG 7 PDJQHW DUH
RQKROGSHQGLQJDGGLWLRQDOIXQGLQJ$QHZ³PLFUR6LJQD´
7T animal-sized magnet is being installed under the direction of Mike MoseleyLQWKH&ODUN&HQWHU¶V6PDOO$QLPDO
Imaging Facility.

AT

7KH&$057LVQRZLQLWVWZHOIWK\HDURIRSHUDWLRQDVD
5HVHDUFK5HVRXUFHVSRQVRUHGE\DJUDQWIURPWKH1,+¶V
1DWLRQDO &HQWHU IRU 5HVHDUFK 5HVRXUFHV 2XWVWDQGLQJ
A view of the bridge
as you enter the
Lucas Expansion from
ground level.

A comparison of three
GLIIHUHQW PDJQHWLF ¿HOG
strengths (1.5T, 3.0T
and 7.0T).
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7KH0ROHFXODU,PDJLQJ3URJUDPDW6WDQIRUG 0,36 KDV
H[SHULHQFHG WUHPHQGRXV JURZWK WKLV \HDU 7KH IDFXOW\
UHFHLYHG D 8 QDQRWHFKQRORJ\ JUDQW DQG ZLOO DOVR EH
DZDUGHGDQ57WUDLQLQJJUDQWERWKJUDQWVDUHIURPWKH
National Cancer Institute. In addition, all labs continued
to grow with many new students and outstanding research
VWDIIMRLQLQJWKHSURJUDP7KHVHFRQGDQQXDO0,365HWUHDW
ZDVKHOGRQ)HEUXDU\DW3LHULQ6DQ)UDQFLVFR
ZLWK RYHU  0,36 IDFXOW\ DQG VWXGHQWV LQ DWWHQGDQFH
6WXGHQWVHDFKSUHVHQWHGEULHIUHVHDUFKXSGDWHVLQWHUDFWHG
ZLWKRWKHU0,36PHPEHUVDQGHQMR\HGDVSHFWDFXODU6DQ
Francisco Bay cruise.

through ex vivo nanosensors. These efforts will then be
XVHGIRUIXWXUHPRUHSLQSRLQWHGHYDOXDWLRQRIWKHUDSHXWLF
UHVSRQVHLQFDQFHUWUHDWPHQW&ROHGE\'U6KDQ:DQJRI
0DWHULDOV6FLHQFHDQG(OHFWULFDO(QJLQHHULQJWKH6WDQIRUG
&&1(WHDPZLOOLQYROYHWKHVFLHQWL¿FLQWHUDFWLRQRIPRUH
WKDQ  VHSDUDWH UHVHDUFK ODEV IURP  GLIIHUHQW UHVHDUFK
HQWLWLHVDFURVVWKHDOOLDQFH7KHH[SHULHQFHRIWKH6WDQIRUG
CCNE team will serve as a role model for the new “team
VFLHQFH´WKHZD\RIWKHIXWXUHIRUFRQGXFWLQJEURDGEDVHG
PHGLFDOUHVHDUFK2WKHUFHQWHUVLQYROYHGZLWKWKH6WDQIRUG
&&1(LQFOXGHWKH8QLYHUVLW\RI&DOLIRUQLD/RV$QJHOHV
WKH)UHG+XWFKLQVRQ&DQFHU5HVHDUFK&HQWHU&HGDUV6LQDL
0HGLFDO&HQWHUWKH8QLYHUVLW\RI7H[DVDW$XVWLQ*HQHUDO
(OHFWULF*OREDO5HVHDUFKDQGWKH,QWHO&RUSRUDWLRQ
6WDQIRUG ZLOO EH DZDUGHG D FDQFHU HGXFDWLRQ JUDQW IURP
WKHVSHFLDOL]HG&DQFHU(GXFDWLRQDQG&DUHHU'HYHORSPHQW
57 3URJUDP 3,'U6DP*DPEKLU 6WDQIRUG¶V57
KDVEHHQQDPHGWKH6WDQIRUG0ROHFXODU,PDJLQJ6FKRODUV
60,6  SURJUDP 7KH 57 SURJUDP ZDV GHYHORSHG E\
WKH1&,WRVXSSRUWWKHGHYHORSPHQWDQGLPSOHPHQWDWLRQ
RIFXUULFXOXPGHSHQGHQWWHDPRULHQWHGSURJUDPVWRWUDLQ
SRVWGRFWRUDO FDQGLGDWHV LQ FDQFHU UHVHDUFK WHDP VHWWLQJV
WKDW DUH KLJKO\ LQWHUGLVFLSOLQDU\ DQG FROODERUDWLYH 7KH
6WDQIRUG0ROHFXODU,PDJLQJ6FKRODUV 60,6 SURJUDPZLOO
EHDGLYHUVHWUDLQLQJSURJUDPEULQJLQJWRJHWKHUPRUHWKDQ
GHSDUWPHQWVSUHGRPLQDQWO\IURPWKH6WDQIRUG6FKRRORI
Medicine, in order to train the next generation of interdisciSOLQDU\OHDGHUVLQWKH¿HOGRIPROHFXODULPDJLQJ2QFRORJLF
PROHFXODU LPDJLQJ LV D UDSLGO\ JURZLQJ DUHD ZLWKLQ WKH
¿HOG ZKLFK FRPELQHV WKH GLVFLSOLQHV RI FKHPLVWU\ FHOO
PROHFXODUELRORJ\PROHFXODUSKDUPDFRORJ\ELRHQJLQHHUing, imaging sciences, and clinical medicine to advance
cancer research, diagnosis, and management. The goals of
60,6DUHWRWUDLQSRVWGRFWRUDOIHOORZVWKURXJKPHQWRUVKLSE\DGLYHUVHJURXSRIRYHUEDVLFVFLHQFHDQGFOLQLFDOIDFXOW\PHQWRUVUHSUHVHQWLQJSURJUDPDUHDVIRUPDO
&DSWLRQIRUSKRWR
courses in
molecular
imaging,
PROHFXODUSKDUPDFRORJ\FDQFHUELRORJ\FDQFHULPPXQRORJ\YLURORJ\DQGJHQHWKHUDS\DQGDFOLQLFDOFRPSRQHQW
LQFOXGLQJKHPDWRORJ\RQFRORJ\URXQGV60,6IHOORZVZLOO
EHUHFUXLWHGLQWRDWKUHH\HDUSURJUDPWRDXGLWFRXUVHZRUN

Hequan Yao, Yan Zhang, Bengang Xing, and Chenjie Zu enjoy a
break during the 2nd Annual MIPS Retreat earlier this year.

7KH1DWLRQDO&DQFHU,QVWLWXWH 1&, DQQRXQFHG0DUFK
 WKDW LW KDV DOORWWHG D 8 QDQRWHFKQRORJ\ JUDQW RI
URXJKO\PLOOLRQRYHUWKHQH[W¿YH\HDUVWRWKH6WDQIRUG
&HQWHU RI &DQFHU 1DQRWHFKQRORJ\ ([FHOOHQFH &&1( 
ZKLFKZLOOEHOHGE\'U6DP*DPEKLU KWWSPLSVVWDQIRUGHGXSXEOLFJUDQWVFFQH  7KH 6WDQIRUG &&1( ZLOO
be one of eight NCI Centers of Cancer Nanotechnology
([FHOOHQFHZKLFKDUHUHVHDUFKDOOLDQFHVRIFDQFHUFHQWHUV
PHGLFDOLQVWLWXWLRQVVFKRROVRIHQJLQHHULQJDQGSK\VLFDO
VFLHQFHVQRQSUR¿WRUJDQL]DWLRQVDQGSULYDWHFRUSRUDWLRQV
Their mission is to integrate nanotechnology into cancer
UHVHDUFK7KHIRFXVRIWKH6WDQIRUG&&1(ZLOOEHRQGHYHORSLQJQDQRGHYLFHVWKDWIDFLOLWDWHWKHLPDJLQJRIGLVHDVH
LQ YLYR DQG WKH GHWHFWLRQ RI FKDQJHV LQ VHUXP SURWHRPH
3
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DQGFRPSOHWHDSULPDU\IRFXVRQUHVHDUFKZLWKDWOHDVWWZR
FRPSOHPHQWDU\PHQWRUV KWWSPLSVVWDQIRUGHGXVPLV 

+Y *HYTLS *OHU KDV EHHQ DZDUGHG D SRVWGRFWRUDO
IHOORZVKLS IURP WKH 6XVDQ * .RPHQ %UHDVW &DQFHU
)RXQGDWLRQIRUKLVSURMHFWHQWLWOHG³,PDJLQJWKH(I¿FDF\
RI +HDW 6KRFN 3URWHLQ  ,QKLELWRUV LQ +XPDQ %UHDVW
&DQFHUV´7KH6XVDQ*.RPHQ%UHDVW&DQFHU)RXQGDWLRQ
KDVEHHQDJOREDOOHDGHULQWKH¿JKWDJDLQVWEUHDVWFDQFHU
WKURXJKLWVVXSSRUWRILQQRYDWLYHUHVHDUFKDQGFRPPXQLW\
EDVHGRXWUHDFKSURJUDPV

*OLU3HI 0ROHFXODU,PDJLQJ3UREH/DERUDWRU\ 6RPH
RIWKHPROHFXODULPDJLQJSUREHVGHYHORSHGLQWKLVODEH[KLELWJUHDWWXPRUWDUJHWLQJHI¿FDF\DVZHOODVIDYRUDEOHLQ
YLYRNLQHWLFVDQGDUHQRZLQODWHVWDJHSUHFOLQLFDOWHVWLQJ
or are being translated into the clinic for initial testing in
humans. Thanks to everybody’s hard efforts, Dr. Chen’s
JURXS LV QRZ IXQGHG WKURXJK 1,%,% 1&, '2' DQG
0HG,PPXQH,QF7KHUHVHDUFKZRUNDFFRPSOLVKHGE\'U
=KHQJPLQJ;LRQJRQWKHDGHQRYLUXVZDVIHDWXUHGRQWKH
cover of the Journal of Nuclear Medicine.

0HU*OLUUHFHLYHGWZRIHOORZVKLSVWKH%LR;*UDGXDWH
6WXGHQW )HOORZVKLS DQG WKH$PHULFDQ +HDUW$VVRFLDWLRQ
3UHGRFWRUDO )HOORZVKLS 7KH %LR; *UDGXDWH 6WXGHQW
)HOORZVKLSLVDJHQHURXVJLIWRIDQDQRQ\PRXVGRQRUZKR
LVKHOSLQJ6WDQIRUGWRVWUHQJWKHQJUDGXDWHWUDLQLQJLQLQWHUGLVFLSOLQDU\ELRVFLHQFHDQGWRLPSHOLPSRUWDQWQHZDGvances in science and engineering. The American Heart
$VVRFLDWLRQ 3UHGRFWRUDO )HOORZVKLS LV GHVLJQHG WR KHOS
students initiate careers in cardiovascular research and to
SURYLGHVXSSRUWIRUVWXGHQWVFRQGXFWLQJGRFWRUDOGLVVHUWDWLRQSURMHFWV%RWKIHOORZVKLSVZLOOKHOSWRVXSSRUW,DQ¶V
research in cardiac molecular imaging.

+Y>LPIV *HP has been awarded the Benedict Cassen
3RVWGRFWRUDO )HOORZVKLS IURP WKH 6RFLHW\ RI 1XFOHDU
0HGLFLQH7KH(GXFDWLRQDQG5HVHDUFK)RXQGDWLRQRIWKH
6RFLHW\RI1XFOHDU0HGLFLQHKDVUHFHQWO\HVWDEOLVKHGWKH
%HQHGLFW&DVVHQ3RVWGRFWRUDO)HOORZVKLSZKLFKLVDZDUGHG WR UHFHQW GRFWRUDO GHJUHH 3K' RU 3K' SOXV 0' 
UHFLSLHQWVZKRGHPRQVWUDWHDQH[FHOOHQWDFDGHPLFUHFRUG
DQGH[FHSWLRQDOUHVHDUFKDELOLW\,WVSXUSRVHLVWREURDGHQ
WKHUHFLSLHQW¶VEDVLFH[SRVXUHWRQXFOHDUPHGLFLQHUHVHDUFK
at an institution different from that conferring the doctoral
degree.

+Y4VOHTTHK5HTH]HYPUHFHLYHGWKH6RFLHW\
of Nuclear Medicine Berson-Yalow Award, for being a
second author on the abstract entitled “Characterization of
,6., D 5DGLRODEHOHG (*)5WN %LQGLQJ /LJDQG
DQG ,WV &URVV 5HDFWLYLW\ IRU ,UHVVD DQG 7DUFHYD %LQGLQJ
6LWHV´ 7KH %HUVRQ<DORZ $ZDUG UHFRJQL]HV VLJQL¿FDQW
FRQWULEXWLRQVWRWKHDGYDQFHPHQWDQGSURPRWLRQRIQXFOHDUPHGLFLQHVSHFL¿FDOO\WKHPRVWVLJQL¿FDQWFRQWULEXWLRQV
to basic or clinical radioassays.

+Y 8PaOLU *HVZDVDZDUGHGWKH6WDQIRUG8QLYHUVLW\
'HDQ¶V)HOORZVKLS7KLVIHOORZVKLSDFNQRZOHGJHVVFKRODUV ZLWK DQ DSSRLQWPHQW LQ WKH 6FKRRO RI 0HGLFLQH DQG
FRQVLGHUVVXFKIDFWRUVDVWKHVFLHQWL¿FPHULWDQGWUDLQLQJ
UHOHYDQFHRIWKHUHVHDUFKSURSRVDODVZHOODVWKHQXPEHURI
\HDUVRIWKHDSSOLFDQW¶VSRVWGRFWRUDOUHVHDUFKWUDLQLQJ

9PJR`;VUNDPHGLFDOVWXGHQWZDVDZDUGHGD6WDQIRUG

.HTIOPY 3HI 0XOWLPRGDOLW\ 0ROHFXODU ,PDJLQJ /DE 

0HGLFDO 6FKRODUV 5HVHDUFK )HOORZVKLS IRU KLV UHVHDUFK

'U 6DQMLY 6DP *DPEKLU ZDV DZDUGHG WKH +RXQV¿HOG
0HGDORQ)HEUXDU\IURPWKH,PSHULDO&ROOHJHLQ/RQGRQ
IRUKLVVFLHQWL¿FDFKLHYHPHQWVLQELRPHGLFDOLPDJLQJ7KH
PHGDO LV DZDUGHG LQ PHPRU\ RI 6LU *RGIUH\ +RXQV¿HOG
who shared the 1979 Nobel Prize for Physiology or
Medicine for his invention of the CT scanner.
$WWKH6RFLHW\RI1XFOHDU0HGLFLQHUG$QQXDO0HHWLQJ
LQ6DQ'LHJR'U*DPEKLUUHFHLYHGWKH$HEHUVROG$ZDUG
for outstanding achievement in basic nuclear medicine science. The Aebersold Award is named for Paul C. Aebersold,
DSLRQHHULQWKHELRORJLFDQGPHGLFDODSSOLFDWLRQRIUDGLRDFWLYHPDWHULDOVDQGWKH¿UVWGLUHFWRURIWKH$WRPLF(QHUJ\
&RPPLVVLRQ¶V 'LYLVLRQ RI ,VRWRSH 'HYHORSPHQW DW 2DN
5LGJH7HQQHVVHH

Shay Keren demonstrates the Imtek/Siemens SPECT/CT.
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5HVHDUFK 3URJUDP WR GHYHORS QRYHO VWUDWHJLHV IRU EUHDVW
cancer imaging.

LQ WULIXVLRQ LPDJLQJ 7KH 6WDQIRUG 0HGLFDO 6FKRODUV
5HVHDUFK3URJUDPVXSSRUWVPHGLFDOVWXGHQWUHVHDUFKERWK
ORFDOO\DQGRIIVLWH6WXGHQWVFDUU\RXWIXQGHGUHVHDUFKLQ
an academic setting under the direction of faculty members
KHUHDWWKHPHGLFDOVFKRROKRVSLWDOFOLQLFVDQGWKURXJKRXWWKH8QLYHUVLW\DQGORFDOFRPPXQLW\

4PUR`\UN:VHUK+Y.H`H[YP.V^YPZOHURHY have
each received a Young Investigator Travel Award at the
2006 Academy of Molecular Imaging Annual Conference
for their abstract submission. The award is given to seOHFWHG DEVWUDFWV RQ D FRPSHWLWLYH EDVLV ,Q -XQH 
'U *RZULVKDQNDU DOVR UHFHLYHG WKH 5XWK / .LUVFKVWHLQ
1DWLRQDO 5HVHDUFK 6HUYLFH $ZDUG 156$  IURP WKH
&DQFHU%LRORJ\3URJUDPDW6WDQIRUG7KLVDZDUGLVJLYHQ
WR PRWLYDWHG SRVWGRFWRUDO IHOORZV WUDLQLQJ IRU FDUHHUV LQ
cancer-related research.

+H]PK@LY\ZOHSTPKDVFRPSOHWHGUHVHDUFKRQWKHSRWHQWLDORIYLUWXDOEURQFKRVFRS\+LVUHVHDUFKLVKLJKOLJKWHGRQ
the Aunt Minnie web site, which is the largest and most
FRPSUHKHQVLYHFRPPXQLW\ZHEVLWHIRUPHGLFDOLPDJLQJ
SURIHVVLRQDOVZRUOGZLGH7KUHHGLPHQVLRQDOYLVXDOL]DWLRQ
ZLWK3(7&7PD\VRRQEHH[SDQGHGWRYLUWXDOEURQFKRVFRS\SURYLGLQJDQHZWRROIRUGLDJQRVLV WUHDWPHQW SODQQLQJ DQG LQWHUYHQtional guidance. David Yerushalmi was
DOVRDZDUGHGD%UDGOH\$ODYL6WXGHQW
)HOORZVKLS7KLVIHOORZVKLSLVIXQGHG
E\WKH(GXFDWLRQDQG5HVHDUFK)XQG
RI WKH 6RFLHW\ RI 1XFOHDU 0HGLFLQH
610 DQGDZDUGVVWXGHQWVHQUROOHG
LQ PHGLFDO SKDUPDF\ RU JUDGXDWH
school as well as undergraduates who
GHPRQVWUDWHRXWVWDQGLQJFRPSHWHQFH
in molecular and nuclear imaging
research. Bradley-Alavi Fellows are
QDPHG LQ KRQRU RI WKH ODWH 6WDQOH\
( %UDGOH\ D SURIHVVRU RI PHGLFLQH
DW &ROXPELD 8QLYHUVLW\ &ROOHJH RI
3K\VLFLDQVDQG6XUJHRQVDQGDSURPLQHQW UHVHDUFKHU LQ WKH ILHOGV RI UHQDO SK\VLRORJ\ DQG
OLYHUGLVHDVHDQG$EDVV$ODYL0'SURIHVVRURIUDGLology and chief of the Division of Nuclear Medicine at
WKH8QLYHUVLW\RI3HQQV\OYDQLD0HGLFDO&HQWHU

>\3HI *HYKPV]HZJ\SHY4VSLJ\SHY
0THNPUN -RVHSK :X ZLOO EH DZDUGHG
DQ$&&*(&DUHHU'HYHORSPHQW$ZDUG
Grant in Cardiovascular Imaging for
 SHU \HDU IRU WKH WZR\HDU SHULRGEHJLQQLQJLQ-XO\WKURXJK-XQH
 +H ZLOO DOVR UHFHLYH  SHU
\HDU IURP WKH 6WDQIRUG &DUGLRYDVFXODU
,QVWLWXWH 6HHG *UDQW IURP -XO\ 
WKURXJK -XQH  6L[ DUWLFOHV KDYH
EHHQDFFHSWHGIRUSXEOLFDWLRQLQYDULRXV
VFLHQWL¿FMRXUQDOVLQFOXGLQJWKHJournal
of Nuclear Medicine, Circulation, The
FASEB Journal, Molecular Imaging and
Biology, and Physiological Genomics.

-LUN *HV was awarded the Best
Cardiovascular Young Investigator Award for her research
in in vivo molecular imaging of human embryonic stem
FHOOGHULYHGFDUGLRP\RF\WHVDIWHUWUDQVSODQWDWLRQLQWRWKH
ischemic myocardium.

9HV 3HI &HOOXODU DQG 0ROHFXODU ,PDJLQJ /DE  7KH
:\ZHU :O\(U 3PU was named Bradley-Alavi Fellow

ZRUN RQ WKH VHOILOOXPLQDWLQJ TXDQWXP GRWV E\ WKH 5DR
and Gambhir laboratories has been highlighted in Nature,
Nature Methods, Analytical Chemistry, Biophotonics
International, and Foxnews.com. A novel strategy based
RQDVSOLWULER]\PHUHSRUWHUDQGGHYHORSHGLQWKH5DRODE
IRUWKHGHWHFWLRQRIP51$KDVDSSHDUHGDVWKHFRYHUDUticle of ChemBioChem'U%LQJDQJ;LQJ'U5DR¶VIRUPHU SRVWGRFWRUDO IHOORZ KDV EHHQ DSSRLQWHG DV DQ DVVLVWDQW SURIHVVRU DW WKH 1DQ\DQJ 7HFKQRORJLFDO 8QLYHUVLW\
6LQJDSRUH'U5DRKDVUHFHLYHGERWKWKH,GHDDQG&RQFHSW
DZDUGV IURP WKH 'HSDUWPHQW RI 'HIHQVH %UHDVW &DQFHU

IRU KHU UHVHDUFK HQWLWOHG ³,PDJLQJ %RQH 0DUURZ 6WHP
&HOO +RPLQJ WR ,VFKHPLF 0\RFDUGLXP´ %UDGOH\$ODYL
)HOORZVDUHQDPHGLQKRQRURIWKHODWH6WDQOH\(%UDGOH\
D SURIHVVRU RI PHGLFLQH DW &ROXPELD 8QLYHUVLW\ &ROOHJH
RI 3K\VLFLDQV DQG 6XUJHRQV DQG D SURPLQHQW UHVHDUFKHU
LQ WKH ¿HOGV RI UHQDO SK\VLRORJ\ DQG OLYHU GLVHDVH DQG
$EDVV $ODYL 0' SURIHVVRU RI UDGLRORJ\ DQG FKLHI RI
WKH 'LYLVLRQ RI 1XFOHDU 0HGLFLQH DW WKH 8QLYHUVLW\ RI
Pennsylvania Medical Center.
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9:3.YV\W<WKH[LZ
9LZLHYJO6]LY]PL^
:[YH[LNPJ9LZLHYJO+L]LSVWTLU[
569),9;7,3*:<:(52670>6+(

DQLPSRUWDQWSDUWRIRXUUHVHDUFKSRUWIROLRLVUHFRJQL]HG
DQGDSSUHFLDWHG

2006 will go on record as the most successful year of
IXQGHG UHVHDUFK IRU 6WDQIRUG 5DGLRORJ\ :H FRQWLQXH
WR DFKLHYH UHVXOWV WKDW H[SDQG RXU UHVHDUFK FDSDELOLWLHV
GLVFRYHUQHZNQRZOHGJHDQGGLUHFWO\EHQH¿WSDWLHQWFDUH
7KHIROORZLQJIHZSDJHVIRFXVRQRXUUHVHDUFKHIIRUWVDQG
WKH VXFFHVVHV WKDW ZH KDYH HQMR\HG RYHU WKLV SDVW \HDU
0RUHLPSRUWDQWO\ZHXVHWKHVHIHZSDJHVWRSD\WULEXWH
WR RXU RXWVWDQGLQJ IDFXOW\ VWDII SRVWGRFWRUDO WUDLQHHV
and graduate students. Because of their efforts as well as
WKRVHRIWKH'HSDUWPHQWOHDGHUVKLSDQGWKH/XFDV,PDJLQJ
&HQWHUPDQ\¿QHSURMHFWVERWKQHZDQGROGFRQWLQXHWR
thrive and unfold.

50/9HURHUK,_WLJ[LK-\UKPUN
:HDUHHFVWDWLFZLWKWKHODWHVWQHZVIURP1,+6WDQIRUG
5DGLRORJ\ QRZ UDQNV DV WKH WKLUG KLJKHVW 1,+IXQGHG
UDGLRORJ\GHSDUWPHQWDPRQJPHGLFDOVFKRROVLQWKH86
)LJXUHFRPSDUHGWRRXUUDQNRIth last year. Given that
RXU GHSDUWPHQW LV PXFK VPDOOHU LQ QXPEHU RI IDFXOW\ 
WKDQ WKH RWKHU KLJKO\UDQNHG SURJUDPV RXU DFKLHYHPHQW
LVH[FHSWLRQDO
Top NIH Funded Radiology Departments (2005)
http://grants1.nih.gov/grants/award/trends/medschc.htm

'XULQJWKLVSDVW\HDUZHH[SHULHQFHGWKHWLJKWHQLQJRIWKH
1,+EXGJHWDQGIHOWLWVLPSDFW¿UVWKDQGZKHQVRPHRIRXU
UHTXHVWHGEXGJHWVZHUHUHGXFHGE\DVPXFKDV<HW
ZH VWLOO PDQDJHG WR ¿QG VXFFHVV IRU RXU PRVW FDUHIXOO\
SODQQHG DQG FRQVWUXFWHG SURMHFWV )LJXUH  GHSLFWV RXU
1,+ IXQGLQJ KLVWRU\ ZLWK SURMHFWHG WRWDOV IRU WKH \HDUV
2006 and 2007.
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$OWKRXJKWKHOLRQ¶VVKDUHRIRXUUHVHDUFKLVVXSSRUWHGE\
1,+  PDQ\RIRXUIDFXOW\IRXQGDGGLWLRQDOIXQGLQJ
IRU WKHLU SURMHFWV WKURXJK WKH 'HSDUWPHQW RI 'HIHQVH
'2'  WKH 6WDWH RI &DOLIRUQLD SULYDWH IRXQGDWLRQV DQG
SULYDWHLQGXVWU\7KLV\HDUZHKDG¿YHSURMHFWVIXQGHGE\
the DOD, much higher than our historic norm of one or
WZRSHU\HDU
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Figure 2. Data from the NIH website shows the top ranking
radiology departments in the country. Totals for each school
include diagnostic radiology and radiation oncology.

:[HUMVYK 9HKPVSVN` HUK [OL 9PJOHYK 4 3\JHZ
-V\UKH[PVU
5HVHDUFK LV PRUH WKDQ MXVW IXQGLQJ ZH DUH DOVR SURXG
RI WKH LPSDFW ZH KDYH KDG LQ FOLQLFDO SUDFWLFH DQG EDVLF
science. Our achievements, which are indebted to the
JHQHURVLW\ RI WKH 5LFKDUG 0 /XFDV )RXQGDWLRQ LQFOXGH
YLUWXDO FRORQRVFRS\ VSLUDO &7 IRU &7 DQJLRJUDSK\
HVWURJHQUHFHSWRULPDJLQJIRUEUHDVWFDQFHUPDQDJHPHQW
WKHGHYHORSPHQWRIELODWHUDO'VSLUDO05LPDJLQJRIWKH
EUHDVWGLIIXVLRQZHLJKWHG05LPDJLQJIRUVWURNHLPDJLQJ
LPDJHJXLGHGWHFKQLTXHVIRUWKHUPDOWKHUDS\DQGELRSV\
DQGIXQFWLRQDO05,XVHGIRUXQGHUVWDQGLQJKRZWKHEUDLQ
IXQFWLRQVDQGIRUSODQQLQJSDWLHQWVXUJHU\7KHVHSURMHFWV
UHSUHVHQWRQO\DIHZVHOHFWDUHDVLQZKLFKRXUFOLQLFLDQV
DQG VFLHQWLVWV H[FHO DQG SURYLGH DQ H[DPSOH RI WKH KLJK
OHYHO RI WUDQVODWLRQDO UHVHDUFK WKDW RFFXUV LQ WKH 5LFKDUG
M. Lucas Center for Imaging.

Figure 1. This chart illustrates Stanford Radiology’s NIH funding
history from 2000 to 2005 with projected totals for the years 2006
and 2007. These data do not include the radiation oncology.

:H DOVR KDG  FOLQLFDO WULDOV XQGHU ZD\ GXULQJ WKH SDVW
\HDU 7KH FOLQLFDO WULDOV SURMHFWV SURYLGH QRW RQO\ DQ
LPSRUWDQW DQG HIIHFWLYH ZD\ WR WUDQVODWH GLVFRYHU\ WR
the clinic, but they also lay the foundation for new or
FRQWLQXHGFROODERUDWLRQVZLWKLQGXVWU\7KHHIIRUWUHTXLUHG
WRGHYHORSDQGPDLQWDLQDFOLQLFDOWULDOVSURJUDPZKLFKLV

7KHIROORZLQJSDJHVJLYHGHWDLOVRI H[LVWLQJSURMHFWVOHG
E\5DGLRORJ\IDFXOW\DQGSRVWGRFWRUDOWUDLQHHV
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PI

SPONSOR

TITLE

Bammer
Beaulieu
Blankenberg
Blankenberg
Butts
Butts
Butts
Chen
Chen
Daniel
Daniel
Fahrig
Fahrig
Fahrig
Gambhir
Gambhir
Gambhir
Gambhir
Gambhir
Glazer
Glover
Glover
Gold
Gold
Gold
Gold
Levin
Levin
Levin
Levin
Moseley
1DSHO
1DSHO
Pelc
Pisani
Plevritis
Plevritis
Plevritis
5DR
5XELQ
6RPPHU
6SLHOPDQ
6SLHOPDQ
Wu

NIH
NIH
NIH
1,+8QLYRI:DVK
NIH-Pending
NIH
NIH
NIH
NIH
NIH
NIH
NIH
1,+6XQQ\EURRN
NIH-Ontario Cancer Inst
NIH
NIH
NIH
NIH
NIH
NIH
1,+8&,UYLQH
NIH
NIH
1,+8&6)
1,+9$3$,5(
NIH
NIH-Pending
NIH
NIH
NIH
NIH
NIH
NIH-BioEng
NIH-Pending
NIH
NIH
NIH
NIH
NIH
NIH
NIH
1,+65,
NIH
NIH

,PSURYLQJ6(16(05,IRU6SLUDODQG(FKR3ODQDU,PDJLQJ
7KUHH'LPHQVLRQDO&7&RORQRJUDSK\
,PDJLQJ$SRSWRVLV,Q9LYRZLWK7HFKQHWLXPP$QQH[LQ
0HPEUDQH%LQGLQJDQG,PDJLQJ$SSOLFDWLRQVRI$QQH[LQV
L05,0HWKRGVIRU&DQFHU'LDJQRVLVDQG7UHDWPHQW
05,*XLGHG)RFXVHG86IRU7UHDWPHQWRI/LYHUDQG5HQDO&DQFHU
,PSURYHG2SHQ05,IRU,PDJH*XLGHG%UHDVW3URFHGXUH
0LFUR3(7DQG1,5)ORXUHVFHQFH,PDJLQJRI7XPRU$QJLRJHQHVLV
,PDJLQJ$9',QWHJULQ([SUHVVLRQ
0DJQHWLF5HVRQDQFH,PDJLQJRI%UHDVW&DQFHU
05,*XLGHG&U\RVXUJHU\RI3URVWDWH&DQFHU
,PSURYHG&$UP&7IRU,QWHUYHQWLRQDO3URFHGXUHV
/RZ&RVW'LJLWDO;5D\'HWHFWRUV8VLQJ/LTXLG&U\VWDOV
,PDJH6FLHQFHIRUWKH1HZ;5D\7DNLQJ1(4WR7DVN
,Q9LYR&HOOXODUDQG0ROHFXODU,PDJLQJ&HQWHU ,&0,&
5HSRUWHU,PDJLQJRI3URWHLQ3URWHLQ,QWHUDFWLRQV
Multimodality Imaging of Cell Mediated Gene Transfer
6WDQIRUG0ROHFXODU,PDJLQJ6FKRODUV3URJUDP 60,6
&HQWHURI&DQFHU1DQRWHFKQRORJ\([FHOOHQFH &&1(
$GYDQFHG7HFKQLTXHVIRU&DQFHU,PDJLQJ
)XQFWLRQDO,PDJLQJ5HVHDUFKLQ6FKL]RSKUHQLD7HVWEHG
&HQWHUIRU$GYDQFHG0DJQHWLF5HVRQDQFH7HFKQRORJ\ &$057
5DSLG05,IRU(YDOXDWLRQRI2VWHRDUWKULWLV
Data Coordinating Center for Osetoarthritis Initiative
%LRPHFKDQLFDO0XVFOH)[0RGHOLQJDIWHU7HQGRQ7UDQVIHU6XUJHU\
5HDO7LPH05,DQG'0RGHOLQJ'HYHORSPHQWIRU3DWHOORIHPRUDO3DLQ
$GYDQFHG3(76\VWHP'HGLFDWHGWR%UHDVW&DQFHU,PDJLQJ
:RUNVKRSRQWKH1XFOHDU5DGLRORJ\RI%UHDVW&DQFHU
$1HZ3KRWRQ6HQVRUWR,PSURYH0ROHFXODU&DQFHU,PDJLQJ
1HZ6FLQWLOODWLRQ/LJKW'HWHFWLRQ&RQFHSWVIRU3(7
,PSURYHG3:,0HWKRGRORJ\LQ$FXWH&OLQLFDO6WURNH
6,0%,26&RUH3K\VLFV%DVH6LPXODWLRQRI%LRORJLFDO6WUXFWXUHV
(I¿FLHQW,PSOHPHQWDWLRQRI'9DVFXODU,PDJH'DWD
,QYHUVH*HRPHWU\&7IRU'RVH(I¿FLHQW9ROXPHWULF,PDJLQJ
)HWDO)XQFWLRQDO0DJQHWLF5HVRQDQFH,PDJLQJ
&RVW(IIHFWLYHQHVV$QDO\VLVRI/XQJ&DQFHU6FUHHQLQJ
%UHDVW&DQFHU7UHQG$QDO\VLV8VLQJ6WRFKDVWLF6LPXODWLRQ
&RPSXWDWLRQDO0RGHOLQJRI&DQFHU%LRORJ\
8QL¿HG5HSRUWHU*HQHIRU0XOWL0RGDOLW\,PDJLQJ
,PSURYLQJ5DGLRORJLVW'HWHFWLRQRI/XQJ1RGXOHVZLWK&$'
3UHFLVH05,'LUHFWHG6RQLF$EODWLRQRI3URVWDWH&DQFHU
,Q9LYR'LIIXVLRQDQG6SHFWURVFRSLF%UDLQ,PDJLQJLQ$OFRKROLVP
0DJQHWLF5HVRQDQFH6SHFWURVRSLF1HRSODVP,PDJLQJ
0ROHFXODU,PDJLQJRI&DUGLDF&HOO7UDQVSODQWDWLRQ
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PI

SPONSOR

TITLE

Chen
Chen
5DR
5DR
Chen

'HSDUWPHQWRI'HIHQVH
'HSDUWPHQWRI'HIHQVH
'HSDUWPHQWRI'HIHQVH
'HSDUWPHQWRI'HIHQVH
'HSDUWPHQWRI'HIHQVH

Chen

'HSDUWPHQWRI'HIHQVH

Glazer
Plevritis/.XULDQ
Levin

9HWHUDQV$IIDLUV
&DOLIRUQLD8&23
&DOLIRUQLD%&53

Imaging Primary Prostate Cancer and Bone Metastasis
Molecular Imaging of Ovarian Carcinoma Angiogenesis
5LER]\PH0HGLDWHG,PDJLQJRIS([SUHVVLRQLQ%UHDVW7XPRU&HOOV
'HYHORSPHQWRI%LROXPLQHVFHQW1DQRVHQVRUVIRU0XOWLSOH[,PDJLQJRI003V
$OSKDY,QWHJULQ7DUJHWHG3(7,PDJLQJRI%UHDVW&DQFHU$QJLRJHQHVLV 
/R'RVH0HWURQRPLF$QWL$QJLRJHQLF&KHPR(I¿FDF\
9(*),URQ2[LGH&RQMXJDWHIRU'XDO05DQG3(7,PDJLQJRI
Breast Cancer Angiogenesis
6ROLFLWDWLRQ$JUHHPHQW
&RVW(IIHFWLYHQHVVRI%UHDVW05,6FUHHQLQJE\&DQFHU5LVN
1HZ7HFKQRORJLHVWR(QKDQFH3(7¶V5ROHLQ%UHDVW&DQFHU0DQDJHPHQW

-V\UKH[PVU:\WWVY[LK9LZLHYJO



PI

SPONSOR

TITLE

Cai/ Chen
Cao/Gambhir

6RFLHW\RI1XFOHDU0HGLFLQH
American Heart Association

Chan

The Whitaker Foundation

Chen/Gambhir
Gambhir

American Heart Association
%HFNPDQ,753$ZDUG

Gambhir
Gambhir
Guccione
5XELQ
Mazin/Pelc
Pelc
5DR
Wu
Wu

Doris Duke Foundation
6XVDQ*.RPHQ)RXQGDWLRQ
Goldhirsh
561$
American Heart Association
Whitaker Foundation
The Burroughs Wellcome Fund
American College of Cardiology
American Heart Association

3(7,PDJLQJDQG7KHUDS\7DUJHWLQJ7XPRU$QJLRJHQHVLV
&HOOXODU7KHUDS\IRUWKH,VFKHPLF0\RFDUGLXP,Q9LYR&KDUDFWHUL]DWLRQ
RI%LRORJ\ 3K\VLRORJ\
2SWLPL]HG)RXU'LPHQVLRQDO0DJQHW5HVRQDQFH)ORZ,PDJLQJIRU
Congenital Heart Disease
0XOWLPRGDOLW\,PDJLQJRI&DUGLDF7KHUDS\
,QWHJUDWHG2SWLFDO%LR6HQVRUVDQG)OXRUHVFHQW0,3UREHVIRU&RQWLQXRXV5HDO7LPH
0RQLWRULQJRI6WHP&HOOVLQ/LYLQJ6XEMHFWV
0ROHFXODU,PDJLQJRI&DQFHUZLWKD9ROWDJH6HQVRU
,PDJLQJWKH(I¿FDF\RI+HDW6KRFN3URWHLQ,QKLELWRUVLQ+XPDQ%UHDVW&DQFHUV
9DVFXODU7DUJHWHG7KHUDSHXWLFVIRU7UHDWPHQWDQG,PDJLQJRI'LIIXVH*LRPD
)HOORZVKLSLQ&DUGLRYDVFXODU,PDJLQJ
)DVW9ROXPHWULF&DUGLRYDVFXODU&76FDQQHU
'HSDUWPHQWRI%LRHQJLQHHULQJ*UDGXDWHDQG3RVWGRFWRUDO(GXFDWLRQ
&DUHHU$ZDUGDWWKH6FLHQWL¿F,QWHUIDFH
0XOWL0RGDOLW\,PDJLQJRI&DUGLDF6WHP&HOO
,Q9LYR7UDFNLQJRI6WHP&HOOVLQWKH,VFKHPLF0\RFDUGLXP

:[HUMVYK:\WWVY[LK9LZLHYJO



PI

SPONSOR

TITLE

Do

6WDQIRUG27/
BIO-X IIP Program Award
6WDQIRUG:DOOHQEHUJ
2I¿FHRI7HFKQRORJ\/LFHQVLQJ
BIO-X IIP Program Award

A Novel Non-Invasive Device for Occluding Cerebral Aneurysms
Modeling Muscles in Contact
/HDUQLQJ5DGLRORJ\LQ6LPXODWHG(QYLURQPHQWV
+LV6ROXWLRQ(QFRGHUIRU'LDJQRVWLF5DGLRORJLFDO,PDJLQJ
$1RYHO7UDQVGXFHU$UUD\DQG,QWHOOLJHQW6RIWZDUHIRU$XWRPDWHG'HWHFWLRQRI
$V\PSWRPDWLF&DURWLG$UWHU\6WHQRVLV

Gold
Gold

Herfkens
1DSHO
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PI

SPONSOR

TITLE

%DPPHU6WHYHQV

Endius, Inc.

Chen
Fahrig
Fahrig
Gambhir
Gambhir
Gambhir
Glazer
Glazer/Herfkens
Glazer
Glazer/Gambhir
Gold
Guccione
Hofmann

Med Immune, Inc.
6LHPHQ¶V0HGLFDO6ROXWLRQV
9DULDQ0HGLFDO6\VWHPV
$O]D&RUSRUDWLRQ
&KLURQ&RUSRUDWLRQ
Intronn, Inc.
*(0HG6\VWHPV
*(0HG6\VWHPV
*(0HG6\VWHPV
*(0HG6\VWHPV
*OD[R6PLWK.OLQH
Canon
&RRN,QFRUSRUDWHG

Hofmann

9LYDQW0HGLFDO,QF

Ikeda

86\VWHPV

Marks

Concentric Medical, Inc.

Marks

'LYHUVL¿HG'LDJQRVWLF
Products, Inc.

Marks

0LFUXV&RUSRUDWLRQ

1DSHO
Pelc
5XELQ
6]H

6LHPHQV&RUSRUDWH5HVHDUFK
*(0HG6\VWHPV
Med Institute, Inc.
&RRN,QFRUSRUDWHG

6]H
6]H
6]H

&RRN,QFRUSRUDWHG
&RRN,QFRUSRUDWHG
:/*RUH $VVRFLDWHV

6]H

:/*RUH $VVRFLDWHV

6]H

:/*RUH $VVRFLDWHV

6]H

:/*RUH $VVRFLDWHV

6]H

:/*RUH $VVRFLDWHV

Wu

3¿]HU3KDUPDFHXWLFDOV

0XOWL&HQWHU6WXG\WR(YDOXDWHWKH(IIHFWRI0LQLPDOO\,QYDVLYH9HUVXV2SHQ
3RVWHURODWHUDO/XPEDU)XVLRQ8VLQJ+LJK5HV05,
,Q9LYR,PDJLQJDW6WDQIRUG
*DWHG''\QD&7IRU&DUGLDF$SSOLFDWLRQV
&RUUHFWLRQ$SSURDFKHVIRU$PRUSKRXV6LOLFRQ'HWHFWRU1RQ,GHDOLWLHV
Delivery of Labeled FHBG to Animal Brain
$VVHVVLQJ7XPRU5HVSRQVHWR7KHUDS\
0ROHFXODU,PDJLQJRIP51$WKURXJKWUDQVVSOLFLQJ
0DJQHWLF5HVRQDQFH,PDJLQJ 05, 6\VWHPV
Destination Digital Agreement
*(3$&66\VWHP
0XOWL0RGDOLW\0ROHFXODU,PDJLQJ SUHFOLQLFDO
6RGLXP05,DW7IRU'UXJ'LVFRYHU\
3KRWRDFRXVWLF7RPRJUDSK\IRU(DUO\'HWHFWLRQRI&DQFHU
6WXG\RI,9&)LOWHU5HWULHYDOZLWKRXW,QWHULP)LOWHU0DQLSXODWLRQ8WLOL]LQJWKH
*XQWKHU7XOLS9HQD&DYD)LOWHU
)HDVLELOLW\6WXG\RQ0LFURZDYH$EODWLRQRI0HWDVWDWLF%RQH7XPRUV
for Palliation of Pain
')XOO)LHOG:KROH%UHDVW8OWUDVRXQG'HYHORSPHQW7HVWLQJDQG
$SSOLFDWLRQWR%UHDVW&DQFHU'LDJQRVLV
$0XOWLQDWLRQDO&RQWUROOHG5HJLVWU\WR(YDOXDWHWKH&RQFHQWULF0HUFL
5HWULHYHU6\VWHP
'DWD5HODWHGWR5HVSLUDWRU\6ORZLQJDQG$SQHDIRU;HQRQ&7,PDJLQJIRUWKH
3XUSRVHRI0HDVXULQJ&HUHEUDO%ORRG)ORZ &%) LQ3DWLHQWVZLWKD6SHFWUXPRI
Neurological Conditions
6DIHW\DQG(I¿FDF\RI&HUHF\WH3RO\PHU)LOOHG&RLOLQ3DWLHQWVZLWK
Intracranial Aneurysms
,QWHUYHQWLRQDO5RRPRIWKH)XWXUH
Inverse Cone Beam CT
=HQLWK7;7KRUDFLF7$$(QGRYDVFXODU*UDIW
7KH=LOYHU37;'UXJ(OXWLQJ9DVFXODU6WHQWLQWKH$ERYHWKH
.QHH)HPRUDOSRSOLWHDO$UWHU\
=LOYHU9DVFXODU6WHQWLQWKH,OLDF$UWHULHV
=HQLWK7;7KRUDFLF7$$(QGRYDVFXODU*UDIW
&RPSDUHWKH8VHRIWKH%LIXUFDWHG(;&/8'(5(QGRSURVWKHVLVWR2SHQ6XUJLFDO
5HSDLULQ7UHDWPHQWRI$$$
(YDOXDWLRQRI*25(7$*7KRUDFLF(QGRSURWKHVLVIRU7UHDWPHQWRI'HVFHQGLQJ
Thoracic Aorta
,'(IRU8VHRI*25(7$*7KRUDFLF(QGRSURVWKHVLVLQ6XEMHFWVZLWK
Descending Thoracic Aortic Aneurysms
(YDOXDWLRQRIWKH*25(7$*7KRUDFLF(QGRSURWKHVLVIRU7UHDWPHQWRI
Descending Thoracic Aneurysms
(YDOXDWLQJWKH8VHRIWKH7KRUDFLF(;&/8'(5(QGRSURVWKHVLVLQ'HVFHQGLQJ
Thoracic Aortic Diseases
7KH5ROHRI6WDWLQVLQ&DUGLDF6WHP&HOl
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9HKPVSVN`:JPLU[PÄJ9LZLHYJO7LYZVUULS
-HJ\S[`:[HMMHUK:[\KLU[Z

Front Row (l-r): Elizabeth Gill, Susan Kopiwoda, Jianghong Rao, Shawn Chen, David Paik, Sandy Napel, Rebecca Fahrig, Kim Butts Pauly, Gary
Glazer, Gary Glover.
Row 2 (l-r): Tiffany Chung, Yi-Shan Yang, Padma Sundaram, Tejas Rakshe, Shaohua Sun, Chunlei Liu, Jongduk Baek, Sung Won Yoon, Misung Han,
Kristin Granlund, Anne Marie Sawyer, Wendy Baumgarten, Sharon Pollio.
Row 3 (l-r): Shen Woo Lee, Peter Olcott, Dirk Mayer, Rexford Newbould, Markus Kukuk, Stefan Skare, Andrew Holbrook, Jean Chen, Lena Kaye, Jason
Hsu, Romi Samra, Garry Chinn, Jian Zhang.
Top Row (l-r): Michelle Christierson, Suzi Kosher, Viola Rieke, Mohammed Namavari.
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Lucas Center 2006

9HKPVSVN`:JPLU[PÄJ9LZLHYJO7LYZVUULS
-HJ\S[`:[HMMHUK:[\KLU[Z

Front Row (l-r): Norbert Pelc, Sam Gambhir, Tom Brosnan, Mike Moseley, Fred Chin, Craig Levin, Susan Singh, Marc Alley, Maggie Bos.
Row 2 (l-r): Neal Bangerter, Bronislava Sigal, Maksim Pashkevich, Andrew Gentles, Julie Ruiz, Sandra Rodriguez, Lewis Chin, Jinha Park, Priti
Balchandani, Sam Mazin, Donna Cronister.
Row 3 (l-r): Aiming Lu, Murat Aksoy, Tim Doyle, Carmel Chan, Michael McDonald, Marowan Zakhour, Maurice Van den Bosch, David Dick, Andrew
Lamb, Sandra Horn.
Top Row (l-r): Muru Subbarayan, Betsey Sowder, Mary Bobel, Jintau Po, Samira Guccione.
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9HKPVSVN`:JPLU[PÄJ9LZLHYJO7LYZVUULS
-HJ\S[`HUK:[HMM
-(*<3;@

:*0,5;0-0*:;(--

Gary M. Glazer, M.D.
Gary H. Glover, Ph.D.
5RODQG%DPPHU3K'
.LP%XWWV3DXO\3K'
;LDR\XDQ 6KDZQ &KHQ3K'
5HEHFFD)DKULJ3K'
6DP*DPEKLU0'3K'
6DPLUD*XFFLRQH3K'
Brian Hargreaves, Ph.D.
5REHUW-+HUINHQV0'
Craig Levin, Ph.D.
Michael E. Moseley, Ph.D.
6DQG\1DSHO3K'
David Paik, Ph.D.
1RUEHUW-3HOF6F'
6\OYLD.3OHYULWLV3K'
-LDQJKRQJ5DR3K'
'DQLHO06SLHOPDQ3K'

Marcus Alley, Ph.D.
.ULVWL$UX]]D%657 &107
Neal Bangerter, Ph.D.
:HQG\%DXPJDUGQHU597/$7J
Thomas Brosnan, Ph.D.
Danye Cheng
=KHQ&KHQJ3K'
Frederick Chin, Ph.D.
Garry Chinn, Ph.D.
6WHYHQ&KRL%6
David Clayton, Ph.D.
Mangal Dandekar, M.D.
Abhijit De, Ph.D.
David Dick, Ph.D.
Tim Doyle, Ph.D.
Aihua Fu, Ph.D.
Arundhuti Ganguly, Ph.D.
Andrew Gentles, Ph.D.
Lina He, Ph.D.
:LOOLDP-RKQVHQ
.HVKQL.XPDU57
Andreas Loening, Ph.D.
Dirk Mayer, Ph.D.
Mohammed Namavari, Ph.D.
5H[IRUG1HZERXOG3K'
/LQGD1RYHOOR57
Peter Olcott, Ph.D.
/DXUD3LHUFH03$57
3DXOPXUJDQ5DPDVDP\3K'
%KDUJDY5DPDQ
3ULWKD5D\3K'
9LROD5LHNH3K'
6DQGUD5RGULJXH]57 5 05
-DUUHWW5RVHQEHUJ3K'
5XPLQGHU6DPUD57
$QQH0DULH6DZ\HU%657 5 05
0HLNH6FKLSSHU0'
*UHLJ6FRWW3K'
%URQLVODYD6LJDO3K'
6WHIDQ6NDUH3K'
0DUF6R¿ORV57
1RUEHUW6WURHEHO3K'
0XUX6XEEDUD\DQ3K'
*RSDO6XQGDUHVDQ
-HIIUH\7VHQJ0'
<LQJ\XQ:DQJ%6
Lars Wigstrom, Ph.D.
-RVHSK:X0'3K'
Yishan Yang, Ph.D.
0DURZDQ=DNKRXU0'

(+4050:;9(;0=,(5+:<7769;:;(-Mary Bobel, M.B.A.
Maggie Bos
Nancy Bucy
5LFN&DULOOR
Michelle Christierson
Donna Cronister
Debra Frank
Elizabeth Gill
6R¿D*RQ]DOHV
6DQGUD+RUQ
6XVDQ.RSLZRGD0603+
6X]L.RVKHU
Marlys Lesene
6KDURQ3ROOLR
.DOD5DPDQ
-RKQ5HXOLQJ
/DQ]LH5LYHUD
-XOLH5XL]3K'
0RQLTXH6FKDUHFN0+$
6XVDQ6LQJK
%HWVH\6RZGHU
6XVLH6SLHOPDQ
Lakeesha Winston
Wei Xiong
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9HKPVSVN`:JPLU[PÄJ9LZLHYJO7LYZVUULS
:[\KLU[ZHUK=PZP[VYZ
76:;+6*;69(3-,336>:

.9(+<(;,:;<+,5;:

=0:0;05.9,:,(9*/,9:(5+:*/63(9:

Weibo Cai, Ph.D.
Feng Cao, Ph.D.
Qizhen Cao, Ph.D.
Carmel Chan, Ph.D.
Kai Chen, Ph.D.
Nga-Wai (Tiffany) Chung, Ph.D.
Alireza Ebrahimejad, Ph.D.
Byard Edwards, M.D., Ph.D.
Daniel Ennis, Ph.D.
Tony Faranash, Ph.D.
Olivier Gheysens, Ph.D.
Gayatri Gowrishankar, Ph.D.
Frezghi Habte, Ph.D.
Gloria Huang, M.D.
Mei Huang, Ph.D.
Jung-Jin (Jason) Hsu, Ph.D.
Andrei Iagarau, M.D.
Thies Jochinsen
Shay Keren, Ph.D.
Malika Larabi, Ph.D.
Ha-Young Lee, Ph.D.
Sheen-Woo Lee, M.D.
Jelena Levi, Ph.D.
Zibo Li, Ph.D.
Zongjn Li, Ph.D.
Michael Lim, Ph.D.
Chunlei Liu, Ph.D.
Erin Liu, Ph.D.
Aiming Lu, Ph.D.
Amelie Lutz, M.D.
Michael McDonald, Ph.D.
Rex Newbold, Ph.D.
Gang Niu, Ph.D.
Jinha Park, M.D., Ph.D.
Maxim Pashkevich, Ph.D.
Laura Pisani, Ph.D.
Cesar Rodriguez, Ph.D.
Justus Roos, Ph.D.
Lewis Shin, M.D.
Bryan Smith, Ph.D.
Matus Straka, Ph.D.
Maurice VandenBosch, M.D.
Hui Wang, Ph.D.
Yingbing Wang, Ph.D.
Juergen Willmann, M.D.
Zuyong Xia, Ph.D.
Fei Xiao, Ph.D.
Xiaoyan Xie, Ph.D.
Yun Wu, Ph.D.
Zhanghong Wu, Ph.D.
Shahriar Yaghoubi, Ph.D.
Hequan Yao, Ph.D.
Yan Zhang, Ph.D.

Arpit Aggarwall, M.S.
Murat Aksoy, M.S.
Jongduk Baek, M.S.
Priti Balchandani, M.S.
Regina Bouwer, M.S.
Jean Chen, M.S.
Ian Chen, M.D./Ph.D. student
Angela Foudray, M.S.
Kristi Granlund, M.S.
Meng Gu, M.S.
Misung Han, M.S.
Andrew Holbrook, M.S.
Yanle Hu, M.S.
Elena Kaye, M.S.
Susan Shu-An Lin, M.S.
Cyrus Jame, M.S.
Caroline Jordan, M.S.
Sonal Josan, M.S.
Ajay Joshi, M.S.
Bennie Keck, M.S.
Christine Law, M.S.
Yakir Levin, M.S.
Calvin Lew, M.S.
Pasheel Lillaney, M.S.
Susan Shu-An Lin, M.S.
Wenmiao Lu, M.S.
Sam Mazin, M.S.
Anders Nordell, M.S.
Michael Padilla, M.S.
Bini Pankhudi, M.S.
Manish Patel, M.S.
Rebecca Rakow M.D./Ph.D. student
Markus Prummer, M.S.
Tejas Rakshe, M.S.
Heiko Schmiedeskamp, M.S.
Anthony Sherbondy, M.S.
Leroy Sims, M.S.
Mi-Kyung So, Ph.D.
Gaurav Srivastra, M.S.
Jared Starman, M.S.
Ernesto Staroswiecki
Shaohua Sun, M.S.
Padma Sundaram, M.S.
Moriah Thomason, M.S.
Ricky Tong, M.S.
Chardonnay Vance, M.S.
Zachary Walls, M.S.
Yingbing Wang, M.S.
Jung Ho Won, M.S.
Yao-Hung Yang, M.S.
David Yerushalmi, M.S.
Sung-Won Yoon, M.S.
Adam dele Zerda
Jian Zheng, M.S.
Lei Zhu, M.S.

Hsiao-Wen Chung, Ph.D.
Daniel Fiat, Ph.D.
Min Kyung So, Ph.D.
Yi Sun, Ph.D.
Zhengming Xiong , M.D., Ph.D.
Xianzhong Zhang, Ph.D.
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9:3.YV\W<WKH[LZ
(^HYKZHUK/VUVYZ
9LJPWPLU[

(^HYK

7H[YPJR+)HYULZ

Honored as senior faculty of the year 2005-2006 for outstanding contributions to resident education, compassionate patient care, and research. Department of Radiology. Stanford University
Medical Center, June 2006.

9PJOHYK()HY[O

February 2006 issue of San Jose Magazine as one of the “Silicon Valley’s Top Doctors” - the only
pediatric radiologist listed out of 2000 entries.

9PJOHYK()HY[O

Invited to serve on the Society for Pediatric Radiology (SPR) Board of Directors, June 2006

>LPIV*HP

Awarded the Benedict Cassen Postdoctoral Fellowship from the Society of Nuclear Medicine.
This award recognizes an excellent academic record and exceptional research ability.

>LPIV*HP

Awarded the 2006 AMI Annual Conference Travel Award.

>LPIV*HP

Awarded the 2006 Gordon Research Conference travel award.

-LUN*HV

Awarded the Best Cardiovascular Young Investigator Award for her research in in vivo molecular imaging of human embryonic stem cell derived cardiomyocytes after transplantation into the
ischemic myocardium.

-LUN*HV

Received a Best Basic Science Poster Award at the 2005 American Heart Association meeting.

8PaOLU*HV

Awarded the Dean’s Fellowship for her work on “Combined Integrin siRNA Therapy and
Radiotherapy of Breast Cancer”.

*HYTLS*OHU

Awarded a postdoctoral fellowship from the Susan G. Komen Breast Cancer Foundation for
KLVSURMHFWHQWLWOHG³,PDJLQJWKHHI¿FDF\RI+HDW6KRFN3URWHLQ,QKLELWRUVLQ+XPDQ%UHDVW
Cancers.”

0HU*OLU

Awarded the Dorothy Penrose Stout Fellowship Award in recognition of being the highest ranked
American Heart Association (AHA) predoctoral fellowship award recipient in the Western States
$I¿OLDWHIRU

0HU*OLU

Received the American Heart Association Predoctoral Fellowship which is designed to help students initiate careers in cardiovascular research and to provide support for students conducting
doctoral dissertation projects.

0HU*OLU

Received the Bio-X Graduate Student Fellowship, a generous gift of an anonymous donor

1LHU*OLU

Received a Bio-X student travel award grant.

)HV+V

5HFHLYHGD7UDLQHH5HVHDUFK3UL]HDWWKHVW6FLHQWL¿F$VVHPEO\DQG$QQXDO0HHWLQJRIWKH
5DGLRORJLFDO6RFLHW\RI1RUWK$PHULFD 561$ IRUKLVZRUNHQWLWOHG³0HWDEROLF3UR¿OHRIWKH
6SLQDO &RUG E\ :KROH %RG\ >)@GHR[\ÀXRURGJOXFRVH ))'*  3RVLWURQ (PLVVLRQ
Tomography (PET)/CT Imaging”

)`HYK,K^HYKZ

2006 Roentgen Resident/Fellow Research Award from the Radiological Society of North America
(RSNA)

)`HYK,K^HYKZ

$2000 Travel Award from the Society of Uroradiology Annual Meeting, Kauai, HI

9LILJJH-HOYPN

6\OYLD6RUNLQ*UHHQ¿HOG$ZDUGIRUWKHEHVWQRQUDGLDWLRQWKHUDS\SDSHULQ0HGLFDO3K\VLFVIRU
³3HUIRUPDQFHRIDVWDWLFDQRGHÀDWSDQHO[UD\ÀXRURVFRS\V\VWHPLQDGLDJQRVWLFVWUHQJWKPDJQHWLF¿HOGDWUXO\K\EULG[UD\05LPDJLQJV\VWHP´

+VTPUPR
-SLPZJOTHUU

Journal of Radiology Editor’s Recognition Award for reviewing with distinction for 2005.
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+VTPUPR
-SLPZJOTHUU

+RXQV¿HOG $ZDUG IRU RXWVWDQGLQJ VFLHQWL¿F SDSHU LQ FURVV VHFWLRQDO LPDJLQJ JLYHQ E\
SBCT/MR).

(UNLSH-V\KYH`

Awarded an NIH-NIBIB travel award to attend the 2005 IEEE Medical Imaging Conference in
Puerto Rico.

(UNLSH-V\KYH`

Awarded a full scholarship to attend the 2005 Molecular Imaging Summer School in Crete
6HSWHPEHU

*`U[OPH-YLLTHU

Her paper named the best paper by a Member in Training: “The advantages of “Direct” image
reformatting in CT Urography” Presented at the SUR annual meeting, Kauai, Hawaii, March
2006.

:HT.HTIOPY

$ZDUGHGD0LQQLHDVRQHRIWKH0RVW,QÀXHQWLDO5DGLRORJ\5HVHDUFKHUVRIE\$XQW0LQQLH

:HT.HTIOPY

5HFHLYHGWKH+RXQV¿HOG0HGDOIURP,PSHULDO&ROOHJH/RQGRQIRUKLVVFLHQWL¿FDFKLHYHPHQWV
LQELRPHGLFDOLPDJLQJ7KHPHGDOLVDZDUGHGLQPHPRU\RI6LU*RGIUH\+RXQV¿HOGZKRVKDUHG
WKH1REHO3UL]HIRU3K\VLRORJ\RU0HGLFLQHIRUKLVLQYHQWLRQRIWKH&7VFDQQHU0HGDOSUHVHQWHG)HEUXDU\

:HT.HTIOPY

$WWKH6RFLHW\RI1XFOHDU0HGLFLQHUG$QQXDO0HHWLQJ'U6DP*DPEKLUUHFHLYHGWKH$HEHUVROG
Award for outstanding achievement in basic nuclear medicine science.

;HS`.PSH[

5HFLSLHQW RI7UDLQHH 5HVHDUFK 3UL]H DW WKH VW 6FLHQWL¿F$VVHPEO\ $QQXDO 0HHWLQJ RI WKH
Radiological Society of North America (RSNA) for her work entitled: “Investigation of a Prototype
Table-top Inverse-geometry Volumetric CT System”.

.HY`4.SHaLY

3UHVLGHQW,QWHUQDWLRQDO6RFLHW\RI6WUDWHJLF6WXGLHVLQ5DGLRORJ\ ,666 

.HY`/.SV]LY

Will be inducted in National Academy of Engineering, Oct. 2006. Dr. Glover is being honored
and recognized for his research and engineering in the development of computed tomography and
magnetic resonance imaging. His research focuses on the physics and mathematics of improving
WKHVHLPDJLQJPHWKRGV+HDOVRKDVPDGHVLJQL¿FDQWFRQWULEXWLRQVWRWKHHQJLQHHULQJRIV\VWHPV
DQGKHOSHGGHYHORSSURGXFWVWKDWKDYHEHQH¿WHGPLOOLRQVRISDWLHQWV

.HYY`.VSK

Received the Lauterbur award for the best MRI paper in 2006 (given by SCBT-MR)

.HY`.VSK

Paper made the cover of Radiology “Articular Cartilage of the Knee: Rapid Three-dimensional
05,PDJLQJDW7ZLWK,'($/%DODQFHG6WHDG\6WDWH)UHH3UHFLVLRQ,QLWLDO([SHULHQFH´

.H`H[YP
.V^YPZOHURHY

Awarded the Ruth L Kirschstein National Research Service Award (NRSA) from Cancer Biology
at Stanford, 2006

.H`H[YP
.V^YPZOHURHY

Received a Young Investigator travel award at the 2006 Academy of Molecular Imaging annual
conference.

2H[L/VSaIH\LY

Received the Holzbaur American Society of Biomechanics young scientist award in 2006

1\LYNLU

Research Fellowship Award - Swiss Foundation Fro Medical-Biological Grants (SSMBS)

3LUH2H`L

Received an ISMRM poster award nomination.

@HRPY3L]PU

Selected by Stanford and the School of Engineering as an ARCS Scholar nominee for


:\ZHU:O\(U3PU Named a Bradley-Alavi fellow for her research entitled “Imaging Bone Marrow Stem Cell Homing
to Ischemic Myocardium.”

APIV3P

Received the Dean’s fellowship award from the Stanford School of Medicine
15
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(TLSPL3\[a

2006 Postdoctoral Research Fellowship from the Swiss National Science Foundation

:HT4HaPU

American Heart Association Pre-doctoral Fellowship for “Research on a Cardiovascular CT
Scanner”

:HT4HaPU

Joel Drillings Award from the American Heart Association for “Research on a Cardiovascular CT
Scanner”

4VOHTTHK
5HTH]HYP

Received the 2006 Society of Nuclear Medicine Berson-Yalow Award, for the abstract
³&KDUDFWHUL]DWLRQRI,6.,DUDGLRODEHOHG(*)5WNELQGLQJOLJDQGDQGLWVFURVVUHDFWLYity for Iressa and Tarceva binding sites.”

:HUK`5HWLS

5HFHLYHGWKH+RXQV¿HOG$ZDUGIRURXWVWDQGLQJVFLHQWL¿FSDSHULQ JLYHQE\6&%705

3H\YH7PZHUP

5XWKO.ULVFKVWHLQ1DWLRQDO5HVHDUFK6HUYLFH$ZDUGVIRU,QGLYLGXDO3RVWGRFWRUDO)HOORZV ) 
Fellowship Award from National Institute of Biomedical Imaging and Bioengineering (NIBIB)

3H\YH7PZHUP

Recipient of National Institutes of Health (NIH) Pediatric Loan Repayment Program

.\PSSLT7YH[_

1DPHGD%UDGOH\$ODYLIHOORZIRUKLVUHVHDUFKHQWLWOHG³$FFHOHUDWHG/LVW0RGH'26(0´

.\PSSLT7YH[_

Awarded a 2006 NVIDIA research fellowship

=PVSH9PLRL

Travel Award from the Deutsche Forschungsgesellschaft (DFG) = German Science Foundation.

.LVMMYL`+9\IPU 3UHVHQWHGWKHUG$QQXDO%HQMDPLQ)HOVRQ/HFWXUHU8QLYHUVLW\RI&LQFLQQDWL
.LVMMYL`+9\IPU 3UHVHQWHGWKHWK$QQXDO3UHVWRQ+LFNH\/HFWXUHU0LFKLJDQ6RFLHW\RI5DGLRORJ\
.LVMMYL`+9\IPU 1DPHG RQH RI7RS  &DQGLGDWHV DV ³ 0RVW ,QÀXHQWLDO 5DGLRORJ\ 5HVHDUFKHU´ E\$XQW0LQQLH
com

(UUL:H^`LY

SMRT’s Highest award, the “Society Magnetic Resonance Technologists’ Honorary Membership”.
2006

.LVYNL4:LNHSS

3UHVHQWHGWKH7DSOLQ0HPRULDO/HFWXUHUDWWKHWK$QQXDO:HVWHUQ5HJLRQDODWWKH0HHWLQJRIWKH
6RFLHW\RI1XFOHDU0HGLFLQHLQ&RSSHU0RXQWDLQ&2

4PUR`\UN:V

Received a Young Investigator Travel Award at the 2006 Academy of Molecular Imaging annual
conference.

+HUPLS4HYR
:WPLSTHU

Received an ISMRM teaching award
Spectroscopy”.

1HYLK:[HYTHU

Stanford-National Institute of Health Graduate Training Program in Biotechnology Fellowship

9PJR`;VUN

Received a Stanford Medical Scholars Research Fellowship for his work in tri-fusion imaging.

1VZLWO>\

Received Cardiovascular Institute Seed Grant

1VZLWO>\

Selected by Stanford School of Medicine as representative for the Burroughs Wellcome Fund
Career Awards for Medical Scientists.

AOLUNTPUN?PVUN

His work on adenovirus was featured on the cover of Journal of Nuclear Medicine.

for his “Methods and Applications of Clinical

+H]PK@LY\ZOHSTP His research on virtual bronchoscopy is highlighted on the Aunt Minnie website
3LPAO\

5HFLSLHQW RI7UDLQHH 5HVHDUFK 3UL]H DW WKH VW 6FLHQWL¿F$VVHPEO\ $QQXDO 0HHWLQJ RI WKH
Radiological Society of North America (RSNA) for her work entitled: “A New Scatter Correction
Method for X-ray and Volumetric CT Using Primary Modulation”.
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9:3.YV\W<WKH[LZ
4(.5,;0*9,:65(5*,9,:,(9*/
-\UJ[PVUHS0THNPUN;LJOUVSVN`+L]LSVWTLU[
.HY`.SV]LY
The functional MRI group continues to develop new methods for acquisition of functional imaging data. Projects include
the development of alternative fMRI contrast methods, real-time
ELRIHHGEDFNIRUWUDLQLQJEUDLQV'I05,DFTXLVLWLRQVORFDOL]HG
VKLPPLQJRIPDJQHWLF¿HOGLPSHUIHFWLRQVFDOLEUDWLRQRII05,
using breathholding measurements, and the development of fetal
fMRI methods. In addition, we continue to play an active role
as chair of the calibration working group in the FIRST BIRN
schizophrenia testbed funded by the NCRR. The following are a
few of the highlights; see other reports for further details.
Christine Law has been examining a recently-described and
controversial approach that uses an alternative to BOLD contrast,
based on hypothesized changes in populations of spins with fast
and slow diffusion characteristics. The advantage demonstrated
by the author of the original study, Denis LeBihan, is more rapid
response to neural changes because the approach does not require
the intervening step of changes in brain oxygenation to generate
an NMR signal. A disadvantage is substantial reduction in sensitivity. The study is controversial because other investigators
KDYHQRWEHHQDEOHWRUHSOLFDWHWKH¿QGLQJV&KULVWLQHKDVIRXQG
a small effect, but no evidence that the new contrast mechanism
is operable. Nevertheless, investigation is continuing.
The real-time fMRI projects include collaborations with Sean
Mackey (Director of the Stanford Pain Center, Anesthesiology),
Allan Reiss (Director of the Center for Interdisciplinary Brain
Sciences Research, Psychiatry), Ian Gotlib, (Director of the
Mood and Anxiety Disorders Lab, Psychology) and Brian
Knutson, Psychology. A paper published in PNAS documents
that, like normal subjects, chronic pain subjects can learn to control their perception of pain using biofeedback that is developed
by the processing of brain activation in the pain network during
the scan. Apparently this control ability persists for months after
the scanning sessions have ended. We have begun experiments
in the areas of depression, learning disorders and addiction, using the same technology to see whether subjects can learn to
regulate brain regions important for these disorders.
Graduate student Yanle Hu is studying the noise propagaWLRQLQ'VSLUDOI05,DFTXLVLWLRQV7KHRUHWLFDOO\WKH'PHWKod should have improved BOLD CNR, but noise that stems from
EDVDOPHWDEROLVPLQWKHEUDLQLVJUHDWHULQ'PHWKRGVWKDQWKH
counterpart 2D techniques. Yanle is exploring the basics of this
phenomenon and has developed several methods for its implePHQWDWLRQ6LJQDOWRQRLVHUDWLRLPSURYHPHQWVRIKDYHEHHQ
demonstrated.
Jung Jiin (Jason) Hsu, a postdoc, has further advanced his
localized shim coil approach for fMRI, that improves the homoJHQHLW\RIWKHPDJQHWLF¿HOGLQWKHYLFLQLW\RIWKHIURQWDORUELWDO
region of the brain. Most recently, he has developed a dynamic
method that changes the shim characteristics for each imaging
slice, thereby reducing the signal loss over a larger region of the
brain. He has developed a set of hardware and software to control this new approach and is designing new coils for the purpose.

,QDGGLWLRQKHKDVGHYHORSHGDUDSLG7PDSSLQJPHWKRGZLWK
which functional contrast has been obtained which is yet another
method of fMRI that shows promise in reducing the deleterious
signal dropout problem in the frontal regions of the brain.
Postdoc Laura Pisani continues her project on the use of
neuronal activity measured by fMRI as a surrogate marker
for fetal viability in cases of intra-uterine growth retardation
(IUGR). This is a challenging project because of the issues of
IHWDOPRWLRQDQGGLI¿FXOW\LQVWLPXODWLQJWKHIHWXV3UHOLPLQDU\
results show promise for the use of an oxygen challenge to the
mother as a way of observing the changes in vascular reactivity
in the fetal brain. She was awarded an NIH fellowship grant application. This is a collaboration with Richard Barth, pediatric
radiology section chief; OB clinicians; and Roland Bammer in
the RSL.
In a related project, Chardonnay Vance is a grad student at
UC-Berkeley and Stanford, who is studying aging processes as
well as the biochemistry of placental membranes. Using measurements of NMR relaxation times and other parameters in vitro and in vivo, she wants to understand the various transport
mechanisms in the placenta in health and IUGR.
Rebecca Rakow-Penner, a grad student in biophysics and a
second-year medical student, is examining the use of functional
PHWKRGVWRFKDUDFWHUL]HEUHDVWFDQFHUDQGLV¿QLVKLQJDSDSHURQ
the relation properties of breast tissue.
Moriah Thomason, grad student, has concluded a study of
the use of breath holding for calibration of hemodynamic differences in subjects undergoing fMRI tasks, and the method is
being adapted for use in the fBIRN. Her paper was recently published in Human Brain Mapping. We have started a new experiment to investigate the use of behavioral feedback to enhance
WKHSUHFLVLRQRIWKHPHWKRG0HDQZKLOHVKHLV¿QDOL]LQJKHU
dissertation on the working memory of children and adults and
will be joining the group as a postdoc, working collaboratively
with Ian Gotlib on depression in children.

fMRI group (l-r) front row: Allyson Rosen, Jin Hyung Lee, Rebecca
Rakow-Penner, Christine Law. Back row: Chardonnay Vance, Paul
Mazaika, Joelle Barral, Sean Mackey, Laura Pisani, Yanle Hu, JungJiin Hsu, Jongho Lee, GHG. Not shown: Catie Chang, Funiko Hoeft,
Moriah Thomason.
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Magnetic resonance imaging (MRI) continues to advance the
state-of-the-art in adult and pediatric neuroimaging. This last
year has further advanced functional MRI, which can map
and measure brain tissue water diffusion rates and direction,
perfusion of blood, and the brain’s response to many functional
activation tasks (such as vascular responses to mild reversible
stresses) in a large number of diseases. We are planning to use
WKHQHZ7HVOD05,VFDQQHUWRUH¿QHQHZWRROVRIKLJK¿HOGDQG
high-speed MRI to focus on disease processes in “brain attacks”
(cerebral stroke) using diffusion MRI (DWI), tissue perfusion
PDSSLQJ 3:, DVZHOODVWKHQHZ¿HOGRIPDSSLQJWKHEUDLQ
and white matter connectivity in both adults and in children
'7,  'XULQJ WKH SDVW \HDU ZH¶YH PDGH VLJQL¿FDQW SURJUHVV
in developing functional imaging technologies in several key
areas under the general title of “microvascular” imaging. These
include diffusion and perfusion techniques for both imaging
of acute stroke and for imaging of white matter structure and
integrity. By responding to the needs of our collaborators and
colleagues here at Stanford and worldwide, we have found that
GLIIXVLRQDQGSHUIXVLRQWHFKQLTXHVKDYHVLJQL¿FDQWO\DGYDQFHG
far beyond the experimental arena into everyday, routine clinical
DSSOLFDWLRQV LQ D ZLGH YDULHW\ RI ¿HOGV ZKHUH WKH\ DUH EHLQJ
actively and effectively used in numerous self-initiated and
collaborative studies. The coming year will further advance
our MR imaging tools and sharpen our focus on the critical
clinical issues of detecting brain attacks with new experimental
and clinical MR methods to predict eventual brain injury, to
further map how the brain and spine are “wired,” to understand
the complex physiological stresses and changes that the brain
experiences during stroke, and to extend these tools to better
evaluate evolving therapies.

physicist for pediatric radiology. He has created several key
collaborations with the Departments of Neurology and Pediatrics
and has already initiated an active pediatric DTI program on the
Lucile Packard Children’s Hospital MRI scanner. Roland was
a recent visiting professor at the Bosporus University, Istanbul,
Turkey and is also a “University Docent” at the University of
*UD]$XVWULD ZKHUH KH WHDFKHV IRU  ZHHNV SHU \HDU 5RODQG
has two funded peer-reviewed grants from the NIH, directs one
multi-center trial, and has been named as “key personnel” on ten
others. Mike Moseley is the past president of the International
Society of Magnetic Resonance in Medicine (ISMRM) and has
had two key grants funded recently, one of which is an NCRR
JUDQWIRUD0H[SHULPHQWDO*(705,VFDQQHU+HDOVRVLWV
on different NIH study sections.
The neuroimaging team (shown) remains involved in white
PDWWHU WHQVRU ³¿EHUWUDFNLQJ´ QHXURLPDJLQJ SURMHFWV DV ZHOO
as building collaborative programs. Thies Jochimsen has just
recently extended his career as a research associate at the Max
Planck Institut in Leipzig. Jian Zhang is a second-year graduate
VWXGHQW DFWLYHO\ LQYROYHG LQ ' YROXPH VSLUDO LPDJLQJ IRU
GLIIXVLRQDSSOLFDWLRQV&KXQOHL/LXLVD¿UVW\HDUSRVWGRFWRUDO
scholar who has submitted a competitive-scored K00 award
IURP WKH 1,+ RQ KLJK¿HOG DSSOLFDWLRQV RI ':, 6FRWW 1DJOH
is a clinical fellow working on cardiovascular applications in
MR together with Roland. Murat Aksoy is a third-year graduate
student working with Roland on the exciting applications in
¿EHUWUDFWRJUDSK\DQGLQPRWLRQFRUUHFWLRQ5H[IRUG1HZERXOG
is a research associate with a background in IC design and is
currently involved in MR post-processing of diffusion and
perfusion data together with Roland. Lanzie Rivera is our
administrative associate and Clinical Coordinator. Stefan Skare
is a research associate and visiting scholar from Sweden working
Roland Bammer is an established radiology faculty member
with Roland. Stefan, together with his incoming graduate
at the Lucas Center and an assistant professor as well as imaging
students from Sweden, is focused on multi-shot MR sequences
for high-resolution diffusion
and perfusion studies. In
September, our group will grow
further. Samantha Holdsworth
from New Zealand, an expert
in sodium MRI, will join us as
a postdoctoral fellow. Matus
Straka, from the Vienna General
Hospital (Austria) and the
Computer Graphics Department
of the University of Vienna, will
start as a new research associate
focusing on parallel computing
issues for image reconstruction
and quantitative parameter
mapping. Heiko Schmiedeskamp,
a graduate student from the ETH
in
(l-r) Mike Moseley, Thies Jochimsen, Jian Zhang, Roland Bammer, Chunlei Liu, Scott Nagle, Zurich, will join us as a visiting
researcher.
Murat Aksoy, Rexford Newbold, Lanzie Rivera, and Stefen Skare.
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We have continued our research in the development of novel magnetic resonance spectroscopy (MRS) and spectroscopic
imaging (MRSI) techniques. Areas of particular focus included
RSWLPL]HG WHFKQLTXHV IRU KLJK ¿HOG  7  SURWRQ VSHFWURVFRS\
RIWKHEUDLQEUHDVWDQGSURVWDWHDQGK\SHUSRODUL]HG&LPDJing and spectroscopy. We have furthered our work in parallel
imaging with projects on TurboSENSE imaging, improved coil
calibration methods for phase contrast SENSE, and phased-array spectroscopic imaging (MRSI).
+LJK ¿HOG 05, VFDQQHUV 7  RIIHU IXQGDPHQWDO DGYDQtages for in vivo spectroscopy including improved SNR and
increased chemical shift dispersion. However, these theoretical
gains can only be achieved with careful attention to the technical constraints imposed by gradient and RF system limitations. Much of our work over the past year has focused on novel
RF pulse designs. New Rf pulses for proton MRSI include a
PDWFKHGSKDVH GXDOEDQG VSDWLDOVSHFWUDO  SXOVH SDLU
optimized Rf pulses for robust lipid suppression, and 2D variable-density spiral RF excitation. We have also continued our
collaboration with UCSF on the development and evaluation of
QHZ + 056, PHWKRGRORJLHV IRU WKH DVVHVVPHQW RI GHYHORSmentally-delayed children.
Our work on the development of rapid spectroscopic imDJLQJ RI K\SHUSRODUL]HG & KDV UHVXOWHG LQ WZR FRQIHUHQFH
DEVWUDFWV DQG RQH VXEPLWWHG PDQXVFULSW  +\SHUSRODUL]HG &
is an exciting new technology capable of directly probing key
metabolic pathways by providing an increased signal several
RUGHUVRIPDJQLWXGHJUHDWHUWKDQSUHYLRXVO\DYDLODEOHIURP&

MR Spectroscopy Group (l-r) Priti Balchandani, Yakir Levin, Calvin
Lew, Dirk Mayer, Meng Gu, Dan Spielman

labeled compounds injected into the body. This work is being
done in collaboration with GE Healthcare.
There have been no major changes in personnel this year.
However, one item of note is that Yakir Levin has received
an ARCS (Achievement Rewards for College Scientists)
)RXQGDWLRQ*UDGXDWH)HOORZVKLSIRU$5&6IHOORZships “recognize, honor and encourage outstanding students ...
ZKRVKRZH[FHSWLRQDOSURPLVHRIPDNLQJDVLJQL¿FDQWFRQWULEXWLRQWRWKHVFLHQWL¿FDQGWHFKQRORJLFDOVWUHQJWKRIWKHQDWLRQ´
Congrats Yakir!
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A major focus of the group has been to develop interventional MRI methods for the treatment of cancer in the prostate,
breast, and liver. Thermal ablation is a particularly promising
method for the minimally invasive treatment of cancer. MRI is
an ideal guidance modality because it can measure tissue temperature during the procedure. We have been developing improvements in the imaging methods for MR thermometry of
heated and frozen tissue. We are developing methods to make
MR thermometry less sensitive to tissue motion. In addition, we
have been developing improved imaging methods of ultrashort
T2 tissues with eddy current calibrations and novel RF pulses.
Our goal has been to better image frozen tissues, but these methods are also applicable to imaging ultrashort T2 tissues such as
bone, tendons, and ligaments. We have also been focused on the
post-ablation assessment of tissue. Particularly interesting is the
IDFWWKDWWKHUPDOO\DEODWHGWLVVXHKDVDUHGXFHG$'&E\
whether it was frozen or heated. In addition, we have been correlating contrast enhanced imaging and diffusion-weighted imaging after thermal ablation with histology. With our collaborators
in Electrical Engineering, we have developed innovative ultrasonic
transducers based on capacitive ultrasonic transducers (CMUTs) for
high intensity ultrasound treatment of liver and renal lesions. This
year, we plan to team up with General Electric to develop a handheld
focused ultrasound system for treating liver and renal cancers.

A second focus of the group has been to facilitate use of
the open MRI system in innovative ways, such as for dynamic
imaging of the knee with our collaborators in Radiology and
Mechanical Engineering and for studying swallowing with our
collaborators in Otolaryngology. A third focus of the group is to
improve MR imaging methods around metallic devices, such as
pins, screws, and total hip replacments.

Interventional and Open MRI group: Front Row (l-r): Erin Liu, Serena
Wong, Jean Chen, Aiming Lu; Back Row (l-r): Elena Kaye, Andrew
Holbrook, Viola Rieke, Kim Butts Pauly, Maurice Van den Bosch.

)VK`490THNPUN
)90(5(/(9.9,(=,:
The body MR imaging group addresses applications of MRI
to body imaging. Our research includes abdominal, cardiovascular, breast, and musculoskeletal imaging. We collaborate with
clinical faculty, engineering faculty, and GE’s Applied Sciences
Laboratory.
Wenmiao Lu has worked on rapid imaging projects such as
robust multi-echo Dixon-based fat/water separation techniques
WKDWZLOOVLJQL¿FDQWO\UHGXFHVFDQWLPHVIRUERG\DQGPXVFXORskeletal applications. This is important for breath-held scanning,
where scan times currently limit the spatial resolution that can
EHDFKLHYHGLQ'LPDJHV0LVXQJ+DQKDVGHYHORSHGFDUWLODJH
segmentation software and validated new contrast mechanisms
for knee imaging. More recently Misung investigates parallel
LPDJLQJWHFKQLTXHVWRVLJQL¿FDQWO\LQFUHDVHIUDPHUDWHVLQG\namic contrast-enhanced breast imaging, which will result in
PRUHDFFXUDWHGLDJQRVLVDQGFODVVL¿FDWLRQRIFDQFHURXVWXPRUV
Anthony Faranesh is developing and validating rapid MR oximetry techniques that may be used to assess tumor hypoxia, which
is an important predictor of response to chemotherapy. Ernesto
Staroswiecki and Neal Bangerter are involved in developing
VRGLXP LPDJLQJ RI FDUWLODJH DW 7 LQ FROODERUDWLRQ ZLWK 'U
Garry Gold. Reduced sodium levels are an important indicator
of cartilage degeneration. This work will combine sodium imaging with standard proton MRI, with overlayed images providing additional information. Kristin Granlund recently joined our
group and will be working on fast and motion-compensated MR
techniques for imaging of the liver.
We also have collaborations with Dr. Bruce Daniel and Dr.
John Pauly in breast MRI research. One of our major develop-

ments has been a fully-bilateral breast imaging protocol, which
we hope becomes the standard patient protocol at the hospital.
Simultaneous bilateral breast imaging will mean most patients
only have to have a single MR exam, rather than the current
multi-exam procedure. Anthony Faranesh is also investigating
more accurate perfusion models for contrast kinetics in tumors,
which will ultimately be integrated with the clinical hospital
protocols. We are also working with Drs. Lewis Shin, Chris
Beaulieu and Brooke Jeffrey to develop MR colonography at
7)LQDOO\ZHFRQWLQXHWRVXSSRUWWKHLPDJLQJFRPSRQHQWV
of numerous biomechanics projects in collaboration with Dr.
Thomas Andriacchi and Dr. Nicholas Giori. These projects have
a common goal of investigating the origins of osteoarthritis, for
which MRI is an important diagnostic tool.

Body MR Imaging (l-r): Anthony Faranesh, Wenmiao Lu, Brian
Hargreaves, Ernesto Staroswiecki, Neal Bangerter, Misung Han,
Kristin Granlund.
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collaboration with Siemens Medical Solutions, AX Division and
with Varian Medical Systems. The cardiac C-arm CT work is a
project sponsored by Siemens Medical Solutions, AX Division.
The group’s work in the area of new reconstruction approaches for CT acquisitions has expanded to include the application of level-sets to reconstruction of sparse data sets, with
potential application in cardiac and lung imaging (abstract by
Yoon).
The X-Ray/MR project continues, focusing on applications
WKDWXVHWKHGLJLWDOÀDWSDQHOÀXRURVFRS\V\VWHPLQWHJUDWHGLQWR
the bore of an interventional MR system. The work was recently
DZDUGHGWKH6\OYLD6RUNLQ*UHHQ¿HOG$ZDUGIRU%HVW3DSHU QRQ
radiation dosimetry) published in the journal Medical Physics in
2005. Clinical studies looking at MR imaging for cystography
in infants (abstract by Vasanawala) and dual-mode imaging for
hysterosalpingogram are nearing completion. With the design of
a new hybrid geometry underway, this project is also moving
into the area of cardiac applications.

Dr. Fahrig’s research addresses x-ray guidance of interventional procedures, and x-ray system development continues in
both the Axiom Lab and the Advanced X-Ray Imaging Lab.
Work continues to improve the image quality of C-arm CT
images, with further developments on truncation artifact reduction (abstract by Starman) and scatter correction (abstract by
Zhu). A detailed investigation of image quality issues has led
to the overall improvement in low-contrast detectability, and
has been investigated in depth (abstract by Strobel). We have
also developed and optimized acquisition protocols for the broad
VSHFWUXPRIDSSOLFDWLRQVIRUZKLFK'LPDJLQJLQWKHLQWHUYHQtional suite would be useful, such as the visualization of stents
LQWKHVXSHU¿FLDOIHPRUDODUWHU\ DEVWUDFWE\*DQJXO\ DQGLPDJing during TIPS. Our work in the area of retrospectively-gated
FDUGLDF&DUP&7WKH¿UVWV\VWHPWRLPSOHPHQWWKLVDSSURDFK
in the U.S., also continues with new algorithms for improved
temporal resolution (abstract by Pruemmer, supervisor: Dr.
Joachim Hornegger, University of Erlangen) and noise reducWLRQ DSSURDFKHV DEVWUDFW E\ :LJVWU|P  7KH SRWHQWLDO IRU '
LPDJLQJ GXULQJ UDGLRIUHTXHQF\ DEODWLRQ RI DWULDO ¿EULOODWLRQ LQ
the cardiac interventional suite is an exciting new direction of in-

05=,9:,.,64,;9@*;(5+*65=,5;065(3*;
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We believe we are ready to embark on research to develop
a full size prototype IGCT system and submitted a proposal to
the NIH, together with GE, for funding for this work. We were
JUDWL¿HGWKDWWKHSURSRVDOUHFHLYHGDQH[FHOOHQWVFRUHDQGZH
expect the funding to begin at the end of 2006.

Work led by Dr. Pelc in the area of conventional and inverse
geometry CT is aimed at understanding the basic limitations in
current systems and the development of inverse-geometry CT
(IGCT), which is an advanced CT platform that uses an inverted
imaging geometry.
Our long-term aim is to push the limits in CT performance
and to aid in the development of new applications. Currently
our main project is to develop a system that can image an arbitrarily thick section of anatomy (e.g., an entire organ) in a single
fast rotation while producing uncompromised image quality and
RXWVWDQGLQJGRVHHI¿FLHQF\7KHVSHFL¿FDSSURDFKZHDUHSXUsuing employs an inverse geometry (therefore the term IGCT),
with one critical aspect being a distributed x-ray source whose
length is comparable to the thickness of the section being imaged. The approach presents many opportunities, and we have
already demonstrated excellent spatial resolution and complete
freedom from cone beam artifacts (which can plague conventional systems when they try to image a thick region in a single
scan). IGCT also presents a number of problems in the image
reconstruction step. One is an increased computational burden
that arises from the fact that the IGCT data greatly oversamples
the object. This year we explored an algorithm that greatly reGXFHVWKHFRPSXWDWLRQDOEXUGHQE\¿UVWHI¿FLHQWO\H[WUDFWLQJWKH
information from all the raw data to produce a much smaller data
set that can then be processed using conventional algorithms
(Mazin abstract). We also developed a variant of the conventional fan beam reconstruction algorithm that avoids the “rebinning” step in our standard processing (Baek abstract).

Inverse Geometry CT group, (l-r) Front row: Arun Ganguly, Rebecca
Fahrig, Norbert Pelc, Marlys Lesene. Back row: Erin Girard, Caroline
Jordan, Sung-Won Yoon, Persheel Lillaney, Jared Starman,
,
Jongduk Baek, Sam Mazin.
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WHFKQRORJ\ DV ZH FRQWLQXH WR UH¿QH DQG HYDOXDWH WKHVH WHFKniques and apply them and their derivatives to new areas, such
as automated and operator-independent determination of carotid
artery stenosis using ultrasound.

2XUJURXSDGGUHVVHVWKH¿HOGRILPDJHDQDO\VLVZKLFKKDV
become increasingly important because the number of images
per patient scan has increased dramatically and now numbers in
the thousands. The group focuses on volumetric visualization,
structure segmentation, quantitative analysis, and computer-aided detection of lesions.
Although his group works with many colleagues both within and also outside of the Radiology Department, the members
of our group are active participants in on-going funded research.
Together, we have contributed many solutions to the problems of
volumetric visualization, including displays for virtual colonoscopy, methods for displaying complex vascular trees in a single
image, and techniques for simultaneous rendering of PET and
CT data. In addition, we have published several approaches to
computer-aided detection of lesions, such as colonic polyps, precursors of cancer, pulmonary nodules, and other tumors targeted
with PET sensitive tracers.
We are also busy incorporating these diagnostic radiology
methods into the real-time environment of the cath-angio laboratory, and have illustrated new techniques, which require less
iodine contrast material, radiation, and imaging time, for navigating catheters into locations where localized therapies can be
DGPLQLVWHUHG:HVHHWKHIXWXUHRIUDGLRORJ\DVEHQH¿WLQJIURP
the continuously increasing “computations/dollar” in computing

Image Display and Analysis Group, (l-r) Top Row: Johann Won, Markus
Kukuk, Tejas Rakshe, Bindi Pankhudi, Padma Sundaram, Shaohua Sun,
Rong Shi. Bottom Row: Feng Zhuge, Anthony Sherbondy, Sandy Napel,
Ajay Jayant Joshi, Gennadiy Chuyeshov and, not pictured: Bhargav
Raman, Raghav Raman.

04(.05.)0605-694(;0*:
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ate student, Nandhini Santhanam, has worked on improvements
to prior work on CAD algorithms in preparation for a multi-institutional CAD “bake-off” competition.

The imaging bioinformatics lab’s research interests lie at
the intersection of radiology, molecular biology and informatics. We focus on developing and validating computational methodologies for extracting useful information content from anatomic, functional and molecular images, drawing upon image
processing, computer vision, computer graphics, computational
geometry, machine learning, biostatistics, modeling and simulation. The lab also aims to integrate image-based information
with non-imaging biomedical information such as genomics and
proteomics.
,Q WKH ODE¶V ¿UVW \HDU VHYHUDO QHZ PHPEHUV KDYH MRLQHG
Postdoc Jiantao Pu has developed novel algorithms for robust
'VHJPHQWDWLRQRIWKHOXQJIURP&7LPDJHVIRU&$'DVZHOO
as a novel lung nodule detection algorithm. He is beginning
work on biologically informed modeling of pulmonary vasculature and bronchi. CS graduate student Arpit Aggarwal has
GHYHORSHGDFODVVL¿FDWLRQVFKHPHIRUOXQJQRGXOHVWKDWJUHDWO\
improves detection performance through a novel shape analysis.
CS graduate Shradha Budhiraja has developed sensitive methods
DQGVRIWZDUHIRULPDJHEDVHGTXDQWL¿FDWLRQRIWXPRUUHVSRQVH
to the inactivation of the RAS and MYC oncogenes. EE gradu-

Imaging Bioinformatics Group. (l-r) Jiantao Pu, David Paik, Arpit
Aggarwal.
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Integrative Cancer Biology Program (ICBP), which promotes
the seamless integration of experimental and computational
methods to cancer biology. ICBP@Stanford involves faculty
from multiple departments and aims to identify the molecular
mechanism underlying neoplastic transformation in lymphoma.
They are studying high throughput gene and protein expression
data from tissue samples of lymphoma that has undergone transformation in both patients and mice. The second program is part
of the Stanford Center of Cancer Nanotechnology Excellence
focused on Therapy Response and establishes a resource Core
WKDWDSSOLHVQRYHOFRPSXWDWLRQDOWRROVWRZDUGWKHLGHQWL¿FDWLRQ
of protein markers predictive of the treatment response in prostate cancer.
At the disease and population level, their work is integrated
and funded under two NCI research programs. Both programs
are focused on the overall goal of estimating the mortality reGXFWLRQ DVVRFLDWHG ZLWK FDQFHU VFUHHQLQJ  7KH ¿UVW SURJUDP
investigates the impact of mammographic screening on breast
cancer mortality in the general female population and the potential impact of breast MRI as a screening test in the high risk
population. The second program focuses on the impact of CT in
VFUHHQLQJIRUOXQJFDQFHU%RWKSURJUDPVDUHDI¿OLDWHGZLWKWKH
NCI consortium Cancer Intervention and Survelliance Modeling
Network (CISNET). Underlying their computational analysis of
cancer screening at the population level are mathematical models that describe the progression of cancer in individual patients.
These natural history models aim to predict whether or not early
GHWHFWLRQ E\ QHZ VFUHHQLQJ WHVWV ZLOO KDYH D KHDOWK EHQH¿W E\
reducing the occurrence of advanced staged disease.

Sylvia Plevritis and her research group develop biocomputational models to better understand cancer progression. At the
molecular level, they are developing computational tools to analyze high-throughput genomic and proteomic data for the purpose of identifying perturbations in molecular signaling pathways that lead to the transformation of cancer to higher grades.
At the disease level, they develop mathematical models of the
natural history of cancer as it progresses from non-metastatic to
metastatic states. At the population level, they develop computer
simulation models that estimate the long-term cancer mortality
rates when asymptomatic patients are detected early with their
disease by a screening test. Ultimately, their goal is to merge
these three levels into a consistent understanding of cancer progression and identify targets to eradicate the disease.
For their work at the molecular level, Sylvia and her group

The Systems Biology of Cancer Group (l-r) Debashis Sahoo, Allison
Kurian, Sylvia Plevritis, Bronislava Sigel, Andrew Gentles, Maksim
Pashkevich.
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in models of primary brain tumors, melanoma, and metastatic
FRORQFDQFHU$PRGL¿HGIRUPRIWKHVHQDQRSDUWLFOHVZDVWKHQ
successfully used for an antiangiogenic therapeutic approach to
the tumor vasculature.
Other research areas include tissue engineering applications
in revascularization to enhance wound healing and vascularly
compromised tissue; localized drug delivery systems; and biomarker development.

The focus of our laboratory is translational research leading to agents for clinical use in detection, diagnosis, treatment,
monitoring, and prognosis of clinical pathologies.
We take a comprehensive approach in the design of agents
that span the “bench to bedside” timeline with our primary focus in development of novel agents for cancer. The research in
our laboratory uses high throughput genomic and proteomic
analysis on human tissue samples to identify molecular targets.
Ligands that bind these molecular targets are used to develop
molecular imaging and therapeutic agents. We have developed
a nanoparticle-based platform for attaching these ligands; thus
creating targeted imaging and/or therapeutic agents. These tarJHWHGQDQRSDUWLFOHVDUH¿UVWWHVWHGLQYLWURDQGXVHGLQLQYLYR
animal models. We have developed probes for MRI, gamma,
ÀXRUHVFHQW DQG &7 LPDJLQJ 9LVXDOL]DWLRQ DQG TXDQWLWDWLYH
evaluation of these targeted nanoparticles in vivo will provide
information on the biodistribution and accumulation of probes
at the site of interest. Subsequently, we design therapeutic approaches including delivery of targeted chemo or radioactive
agents or non-viral-based genes for gene therapy. This approach
uses molecular imaging to identify patients who will respond
to treatment prior to choosing the best treatment regiment. We
have successfully used this approach to image tumor vasculature

Proteomics group (l-r): Yi-Shan Yang, Chris Caires, Samira Guccione,
Regina Bower, Steven Choi, and Michael McDonald (missing).
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We are developing imaging assays to monitor fundamental
cellular events in living subjects. Technologies such as micro
positron emission tomography (microPET), bioluminescence
optical imaging with a charge coupled-device (CCD) camera,
ÀXRUHVFHQFHRSWLFDOLPDJLQJPLFURFRPSXWHUL]HGD[LDOWRPRJraphy (microCAT) are all being actively investigated in small
animal models. Our goals are to marry fundamental advances in
molecular/cell biology with those in biomedical imaging to adYDQFHWKH¿HOGRIPROHFXODULPDJLQJ:HKDYHDSDUWLFXODUIRFXV

on cancer biology and gene therapy. We have developed several
reporter genes/reporter probes compatible with all of the above
imaging modalities. These reporter genes are being used in cell
WUDI¿FNLQJPRGHOVJHQHWKHUDS\PRGHOVDVZHOODVLQWUDQVJHQLF
models for studying cancer biology. Assays to interrogate cells
for mRNA levels, cell surface antigens, protein-protein interactions are also under active development. We are also extending
many of these approaches for human clinical applications.

Back row (l-r): Shay Keren, Mohammad Namavari, Carmel Chan, Ricky Tong, Olivier Gheysens, Jelena Levi, Adam de la Zerda, Zac Walls, Caitlin
Contag, Martin Rodriguez-Porcel, Shahriar Yaghoubi, Abhijit De, Min Kyung So, Anobel Tamruzi. Front row (l-r): Amelie Lutz, Juergen Willmann,
Zhen Cheng, Sundaresan Gobalakrishnan, Jinha Park, Sam Gambhir, David Yerushalmi, Meike Schipper, Sunetra Ray, Mangal Dandekar, Pritha Ray,
Wei Xiong, Jeff Tseng, Elizabeth Gill.

*LSS\SHYHUK4VSLJ\SHY0THNPUN3HI
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The Rao lab works at the interface of biology and chemistry,
combining synthetic and physical organic chemistry and molecXODUELRORJ\ZLWKLPDJLQJWHFKQLTXHVOLNHÀXRUHVFHQFHPLFURVFRS\ DQG ZKROH ERG\ ÀXRUHVFHQFHELROXPLQHVFHQFH LPDJLQJ
We work on a wide range of projects. A typical project evolves
from the hands of the chemist, who synthesizes the probes into
the hands of the biologist who proceeds to test the probes in cells
and/or living animals. Ongoing projects include: (a) development of nanosensors for imaging and detection of tumour cells,
in which a major advancement was achieved with the successful
preparation of self-illuminating quantum dots, using the naturally occurring process of Bioluminescence Resonance Energy
Transfer (BRET) (ref paper); (b) visualizing RNA and RNA
splicing in vivo using two methods--one in which a ribozyme or
RNA enzyme that catalyzes RNA splicing is linked to reporter
systems and a second, more direct method, to visualize RNA
localization using RNA aptamers; and (c) developing a probe for
imaging B-Lactamase expression in animals.

Cellular and Molecular Imaging Lab (l-r), front row: Gayatri
Gowrishankar, Tiffany Chung, Yan Chang; back row: Jianghong Rao,
Hequan Yao, Fei Xiao, Zurong Xia, MinKyung So.
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Imaging and Bioengineering, California Breast Cancer Research
Program, and the Whitaker Foundation.

Our research interests involve the development of novel
instrumentation and algorithms for in vivo imaging of molecular signals in humans and small laboratory animals. These new
“cameras” image radiation emissions from molecular probes
GHVLJQHGWRWDUJHWVSHFL¿FPROHFXODUSURFHVVHVDVVRFLDWHGZLWK
disease in cells located deep within tissues of living subjects.
The goals of the instrumentation projects are to push the detecWLRQHI¿FLHQF\DQGVSDWLDOVSHFWUDODQGWHPSRUDOUHVROXWLRQVDV
far as physically possible. The algorithm goals are to understand
the physical system comprising the subject tissues, radiation
transport, and imaging system, and to provide the best available
reconstructed image quality and quantitative accuracy. The work
involves computer modeling, novel position sensitive sensors,
readout electronics, data acquisition, tomographic image reconstruction, image processing, and data/image analysis algorithms,
and incorporating these innovations into practical imaging devices. The ultimate goal is to introduce these new imaging tools
into studies of molecular mechanisms and treatments of disease
within living subjects. The research is supported by grants from
the National Cancer Institute, National Institute of Biomedical

Molecular Imaging Instrumentation Lab (l-r), top row: Marta Zanchi,
Garry Chinn, Craig Levin, Angela Foudray, Lois Nisbet; bottom row:
Guillem Pratx, David Aum, Peter Olcott.

4VSLJ\SHY0THNPUN7YVIL3HI
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are currently working closely with two important angiogenesis
WDUJHWVLQWHJULQDOSKD Y EHWD  DQGYDVFXODUHQGRWKHOLDOJURZWK
factor receptor subtype-2 (VEGFR-2). Integrins expressed on
endothelial cells modulate cell migration and survival during
angiogenesis. Integrins expressed on carcinoma cells potentiate
metastasis by facilitating invasion and movement across blood
vessels. In several malignancies, tumor expression of integrin
DOSKD Y EHWD   FRUUHODWHV ZHOO ZLWK WXPRU SURJUHVVLRQ9(*)
is a key regulator of tumor angiogenesis and is the most potent
endothelial cell mitogen. Binding of VEGF to its receptor on
the endothelial cell membrane stimulates the VEGF signaling
SDWKZD\9(*)5 .'5)ON  LV WKH SULPDU\9(*) UHFHSWRURQHQGRWKHOLDOFHOOV6SHFL¿FSURMHFWVLQFOXGHPXOWLPRGDOLW\
(e.g., PET, SPECT, optical) imaging of tumor angiogenesis in
YLYRDVZHOODVWXPRUYHVVHOVSHFL¿FGHOLYHU\RIJHQHFKHPR
and radiotherapeutics.
Our research efforts are currently supported by both the federal government (NIH and DOD) and industries (MedImmune,
Inc.). Dr. Weibo Cai was awarded Benedict Cassen Postdoctoral
Fellowship from the Society of Nuclear Medicine. Drs. Zibo Li
and Qizhen Cao were awarded Dean’s Fellowships. Numerous
travel awards were also received by the Chen group to attend
AMI and SMI annual conferences. Collaborative work between
&KHQODEDQG*DPEKLUODERQFKHPLFDOPRGL¿FDWLRQRIDGHQRYLral vectors was featured on the cover of the Journal of Nuclear
Medicine. Overall, we are proud to say that the year of 2006 has
been very busy and productive.

Shawn Chen’s group is interested in developing and validating novel molecular imaging probes (monoclonal antibodies,
minibodies, proteins, peptides and peptidomimetics) for the viVXDOL]DWLRQDQG TXDQWL¿FDWLRQRI PROHFXODUWDUJHWV WKDW DUH DEerrantly expressed during tumor growth, angiogenesis and metastasis. We are trying to combine both anatomical (microMRI
and microCT) and molecular (microPET, microSPECT, and NIR
ÀXRUHVFHQFH  LPDJLQJ WHFKQLTXHV WR SLQSRLQW PROHFXODU DQG
functional information related to tumor growth and disseminaWLRQDQGWRPRQLWRUVSHFL¿FPROHFXODUWKHUDSHXWLFHI¿FDF\:H

Molecular Imaging Probe Lab (l-r), front row: Linha He, Hui Wang,
Quzhen Cao, Zhanhong Wu, Xiaoyuan (Shawn) Chen, Alireza
Ebrahimnejad; back row:Gang Niu, Kai Chen, Zibo Li.
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Ischemic heart disease is the number one cause of morbidity and
mortality in the United States. The repeated ischemic insults can
lead to congestive heart failure, which is the leading cause of
hospital admissions for people aged 65 years and over. With the
advent of the human genome project, cardiovascular diseases
will likely be targeted at the basic cellular and molecular
levels.
The cardiovascular molecular imaging lab is a multidisciplinary team that combines expertise in molecular and cell biology, cardiovascular physiology, and molecular imaging. To
better
understand stem cell biology in vivo, we use novel molecular
markers that enable us to follow the fate of transplanted stem
cells noninvasively. These include monitoring survival,
proliferation, and differentiation as related to embryonic stem
cells and bone marrow stem cells. The highly sensitive imaging
GHYLFHVZHXVHLQFOXGHELROXPLQHVFHQFHÀXRUHVFHQFHSRVLWURQ
emission tomography, and magnetic resonance scanners. We
DOVRZRUNRQJHQHH[SUHVVLRQSUR¿OLQJRIVWHPFHOOPDUNHUVDV
well as optimizing cardiac gene therapy protocols. The eventual
goal is to establish molecular imaging as a platform for translational research in cellular and gene therapies for ischemic heart
GLVHDVHLQWKHst century.

Cardiovascular Molecular Imaging (l-r): (front) Mei Huang, Esther
Xie, Feng Cao, Susan Lin, (back) Amir Sadrzadeh, Koen van der Bogt,
Joe Wu, Zongjin Li).

*SPUPJHS4VSLJ\SHY0THNPUN9LZLHYJO
(5+@8<65
'&7KDVEHHQDYDLODEOHIRURYHU\HDUVDQGFDQEHUHDGLO\
performed at many modern imaging centers. The most comPRQYLHZLQJIRUPDWVDUH9LUWXDO&RORQRVFRS\DQG([WHUQDO'
Volume “Fly-Around.”
SomeLVVXHVKDYHGLPLQLVKHGWKHXWLOLW\RI'&7
 6PDOODQGÀDWOHVLRQVDUHGLI¿FXOWWRVHHFKDUDFWHUL]H
• In CT colonography, stool cannot be differentiated from
polyps without very strict bowel cleansing
• Steep learning curve for radiologists
FDG PET has superior accuracy to CT for many tumors and
integrated PET/CT appears to add additional value. Although
IXVHG 3(7&7 LPDJHV IRU ' YROXPH UHQGHULQJ LV FXUUHQWO\
XQGH¿QHG DQG XQGHVFULEHG LW DSSHDUV WR SURYLGH DGGLWLRQDO
EHQH¿FLDO GDWD IRU LPDJH LQWHUSUHWDWLRQ DQG PD\ FUHDWH QHZ

areas of clinical application. A particularly promising avenue is usage
in pre-surgical/pre-procedural planQLQJ)XWXUHZRUNLQFOXGHV  IXUWKHUGHYHORSPHQWRIWKH'3(7&7
software tools, (2) validation of this
WHFKQLTXH LQ PRUH SDWLHQWV DQG  
use in tracers other than FDG.
The image, published on the cover
of Chemical & Engineering News
this year, was also the Society of
Image of the Year shows Nuclear Medicine (SNM) Image of
the result of PET/CT fused the Year at the 2005 Annual Meeting
in Toronto.
images.
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Dr. Sandip Biswal, M.D. and members of the lab, SheenWoo Lee, M.D., Andrew Tye, Harpreet Singh, B.S., and Bao Do,
M.D. are interested in using mulitimodality molecular imaging
WHFKQLTXHVWRVWXG\PXVFXORVNHOHWDOLQÀDPPDWLRQDQGSDLQ'U
Lee has employed manganese-enhanced magnetic resonance
imaging (MEMRI) to study spinal cord activation in models of
SHULSKHUDOLQÀDPPDWLRQDQGSDLQ6KHLVDOVRGHYHORSLQJDQG
validating the use of clinically-relevant magnetic resonance imaging and computed tomography methods for the early detection
of rheumatoid arthritis. Dr. Do and Mr. Andrew Tye have made
VLJQL¿FDQWLQURDGVLQXQGHUVWDQGLQJJOXFRVHPHWDEROLVPLQWKH
human and animal spinal cord. Furthermore, our lab has also
been successful in building novel genetic constructs to study
WKHH[SUHVVLRQRIVSHFL¿FJHQHVDQGWRXQGHUVWDQGSURWHLQSURtein interactions in vivo. We have developed methods to see
estrogen receptor-mediated signaling in vivo and calmodulin
folding in vitro. In the past year, we have been fortunate to reFHLYHWKH5HVHDUFK7UDLQHH3UL]HIRUD6FLHQWL¿F3DSHUIURPWKH
561$DQGWKH7RS6FLHQWL¿F$EVWUDFW$ZDUGIRUWKH
Academy of Molecular Imaging Meeting.

Molecular Imaging of Musculoskeletal Illnesses (l-r): Sheen-Woo Lee,
Tae Joo Jeon, Sang Hoo Lee, Sandip Biswal.
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Our International Symposium on Multidetector Row CT
(MDCT), now in its eighth year, is one of our most successful
programs. We had a record breaking year in 2006 with 950 attendees from 24 countries. The meeting has been ground breakLQJDVDQHZPRGHOIRUHGXFDWLRQLQUDGLRORJ\DQGLWVLQÀXHQFH
RQWKH¿HOGLVXQPDWFKHG7KLV\HDU¶VHIIRUWKDGDXQLTXHSUHsentation format with 167 nine minute lectures and 65 speakers.
:HUHFHLYHGVLJQL¿FDQWSUHVVFRYHUDJHKLJKOLJKWLQJWKHLPSRUtant advances presented at the meeting. The MDCT course is
viewed as the best and most important CT course offered today.
This year we have also begun producing CME accredited
DVD’s of the lectures from our MDCT and our breast courses.
These DVD’s will further extend the dissemination of our advances and serve as a great resource for our registrants.
Other meetings on our calendar are co-hosted by strategic
partners in Japan and Europe in order to build international relationships for our faculty and grow our international reach and
reputation. We just completed a one-week program for a select
group of Japanese technologists, and we are currently planning
for courses in Dubrovnik, Croatia and China in 2007.

Stanford’s Continuing Medical Education (CME) program
has grown into the leading radiology CME effort in the country.
In FY 2006, we welcomed over 3,300 registrants to 14 courses. Our symposia are developed to educate radiologists, technologists and scientists about impending transitions to new and
emerging technologies. The Department’s distinguished faculty
serve as course directors and speakers for each program, and
guest faculty from leading academic institutions worldwide are
invited to complement our roster of presenters.
The success of our program can be attributed to the strategic
focus of our efforts. We construct large courses which are tailored to serve the changing educational needs of our target. By
bringing together the world experts on key topics, we are able to
offer unique, high quality meetings. In 2006 we grew our program by introducing courses on PET/CT, Small Animal Imaging
and the Treatment of Venous Disease. In addition, our creative
new meeting formats and careful selection of hotels and timing allow us to differentiate our program from competing CME
efforts.

:[HUMVYK9HKPVSVN`*V\YZLZ
*6<9:,;0;3,
Venous Disease
Current Concepts–MRI
Clinical High Field
Breast MRI
Small Animal Imaging
Diagnostic Imaging
PET/CT & Molec Imaging
CVIR
MR – Neuro/MSK
Diagnostic Imaging
Breast Imaging
MDCT
Radiology Essentials
State-of-the-Art Imaging

+09,*;69
Hofmann/Kee
Pelc/Spielman
Atlas/Glover/Herfkens
Ikeda
Levin
Sommer
Gambhir/Quon
Kee
Atlas/Beaulieu
Glazer
Ikeda
Rubin
Jeffrey
Moseley
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Carmel
Monterey
Las Vegas
Las Vegas
Stanford
Vail
Las Vegas
Squaw
Las Vegas
Hawaii
Las Vegas
San Francisco
Jackson Hole
Stanford
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the program are actively performing research as faculty or
academic staff in major universities. Our trainees continue to
be extremely productive, and we often collaborate with them
in their new positions both locally and throughout the country.
The following table provides a snapshot of where our
trainees are in their careers and across the country.

Our fourteenth year of training began on February 1, 2006. On
September 10, 2006, we submitted a competing renewal and
expect a response from NCI by early 2007. We have graduated
21 trainees from our program, Advanced Techniques for Cancer
,PDJLQJ WKXV IDU $ VSHFL¿F DLP RI WKLV WUDLQLQJ SURJUDP LV
to position our trainees for a career in academic radiology.
Fifteen of the postdoctoral fellows who have completed
NCI Fellow

Graduated

Mentor

Current Position

Institution

John Strang, M.D.

1995

Robert Herfkens

Assistant Professor

University of Rochester, Rochester, NY

Susan Lemieux, Ph.D.

1996

Gary Glover

Assistant Professor

Diagnostic Imaging, Western Virginia University

Ian Ch’en, M.D.

1996

King Li

Radiologist

Southwest Washington Medical Center, Vancouver, WA

Yi-Fen Yen, Ph.D.

1997

Glover

Assistant Professor

University of Western Ontario, London, Ontario

Garry Gold, M.D.

1997

Macovski

Assistant Professor

Stanford University, Department of Radiology

Bruce Daniel, M.D.

1997

Robert Herfkens

Associate Professor

Stanford University, Department of Radiology

Roger Shifrin, M.D.

1998

Radiologist

Radiology Associates, Daytona Beach, FL

Esther Yuh, Ph.D.

1998

Norbert Pelc
Robert Herfkens
King Li
Sandy Napel

Medical Student

Stanford University, School of Medicine

Steven G. Heiss, M.D.

1999

King Li

Radiologist

Radiology Imaging Associates, Denver, CO

Martin Blum, M.D.

2000

Brooke Jeffrey

Researcher

PET/Nuclear Medicine, Palo Alto VA Health Care

Curtis Coulam, M.D.

2001

Graham Sommer

Radiologist

Gem State Radiology Group, Boise, ID

Lawrence Chow, M.D.

2002

Graham Sommer

Assistant Professor

Yishan Yang, Ph.D.

2002

Mark Bednarski

Research Associate

University of Oregon, Eugene, O
Stanford University, Department of Radiology

Samira Guccione, Ph.D.

2002

Mark Bednarski

Assistant Professor

Charles Liu, M.D.

2003

Robert Herfkens
Graham Sommer

Radiologist

La Jolla Radiology, La Jolla, CA

Susan Hobbs, M.D., Ph.D.

2003

Mark Bednarski

Resident

University of Minnesota

Karl Vigen, Ph.D.

2003

Kim Butts

Research Scientist

University of Wisconsin-Madison, Madison, WS

Laura Pisani, Ph.D.

2004

Gary Glover

Postdoctoral Fellow

Stanford University, Department of Radiology

Jon Levin, M.D.

2004

Robert Herfkens
Graham Sommer

Radiologist

St. Luke’s Medical Center & Clinic, Minneapolis, MN

Daniel Margolis, M.D.

2005

Brooke Jeffrey

Radiologist

Bay Area Imaging Consultants

Daniel Ennis, Ph.D.

2006

Norbert Pelc

Postdoctoral Fellow

Stanford University, Cardiovascular Medicine
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The Department of Radiology at Stanford University offers
TXDOL¿HGLQGLYLGXDOVDXQLTXHUHVHDUFKRSSRUWXQLW\WKURXJKRXU
Advanced Techniques for Cancer Imaging Program. The goal
of our program is to provide M.D. and Ph.D. research fellows
with training in cancer-related imaging research. Fellows have
the opportunity to work with our world-renowned faculty who
are committed to sharing their knowledge and mentoring the future leaders in radiology. Our program allows basic scientists
in medical imaging (Ph.D.s) and clinical scientists (M.D.s past
residency) to collaborate in an unparalleled environment that

combines medical imaging sciences, clinical sciences, a strong
cancer focus, and an institutional commitment to training academic radiologists and basic scientists in imaging science. The
ideal candidates will be individuals who have received a Ph.D.
or an M.D. degree. Ph.D. candidates must have completed their
GHJUHHLQSK\VLFVHQJLQHHULQJRUDQLPDJLQJUHODWHG¿HOGIURP
an approved doctoral program within four years of acceptance
to this training program. Experience in imaging is preferred.
M.D. candidates must have completed at least two years in an
approved radiology residency program.

0U=P]V*LSS\SHYHUK4VSLJ\SHY0THNPUN7
70!:(4.(4)/094+7/+
individuals who will be capable of leading their own indepenGHQW UHVHDUFK WHDPV LQ WKH ¿HOG RI PROHFXODU LPDJLQJ FDQFHU
research. Now in the second year of the ICMIC@Stanford we
have a total of four trainees in the program. Selected candidates
attend various educational activities in the Molecular Imaging
Program at Stanford (MIPS) and work to bridge activities between a minimum of two laboratories. The candidates invited
to join the ICMIC@Stanford program are expected to be well
trained in basic science or in imaging science and to have the
HQHUJ\DQGGULYHWRLPSDFWWKHJURZLQJ¿HOGRIPROHFXODULPDJing cancer research.

The vision of the “In Vivo Cellular and Molecular Imaging
Center at Stanford”(ICMIC@Stanford) program (NCI P50) is
to bring together researchers from various disciplines to form
V\QHUJLVWLFWHDPVWKDWZLOOPDNHVLJQL¿FDQWDGYDQFHVLQWKHXVH
of multimodality molecular imaging strategies for better linking
pre-clinical models of cancer with the clinical management of
cancer. The career development component of this P50 is deVLJQHGWREHDVÀH[LEOHDVSRVVLEOHWRDWWUDFWKLJKO\TXDOL¿HGFDQdidates with the passion and ability to make an impact on canFHUUHVHDUFKWKDWZLOOEHQH¿WSDWLHQWFDUHLQWHUPVRIGLDJQRVLV
therapy, and monitoring. This overarching theme will guide the
process of candidate selection and lead to successfully trained

:[HUMVYK4VSLJ\SHY0THNPUN:JOVSHYZ9
70!:(4.(4)/094+7/+
diagnosis and management. The goals of SMIS are to train postdoctoral fellows through a diverse group of over 40 basic science and clinical faculty mentors representing 8 program areas,
incorporating formal courses in molecular imaging, molecular
pharmacology, cancer biology, cancer immunology, virology,
and gene therapy, with a clinical component including hematology/oncology rounds. This program is just beginning with the
¿UVWVWXGHQWVMXVWEHJLQQLQJWRDUULYH

The Stanford Molecular Imaging Scholars (SMIS) program
is a diverse training program bringing together more than thirteen Departments, predominantly from the Stanford Schools of
Medicine and Engineering, in order to train the next generation
of interdisciplinary leaders in molecular imaging. Oncologic
molecular imaging is a rapidly growing area within molecular
imaging which combines the disciplines of chemistry, cell/molecular biology, molecular pharmacology, bioengineering, imaging sciences, and clinical medicine to advance cancer research,

:`Z[LTZ)PVSVN`PU*HUJLY<
70!:@3=0(73,=90;0:7/+
The Systems Biology of Cancer Program, part of an
Integrated Cancer Biology Program (ICBP) at NCI has been
funded for an additional three years as a Planning Grant to create a multidisciplinary program in the systems biology of cancer.
The career development component of this program is designed
WRDWWUDFWKLJKO\TXDOL¿HGFDQGLGDWHVZLWKRXWVWDQGLQJDQDO\WLFDO
skills and the desire to apply their skills to the study of cancer
biology. Candidates are being cross-trained not only in the basic
principles of cancer biology, but also in the basic mechanisms
underlying novel biotechnologies, measuring genomic and pro-

teomic signatures of molecular processes. Our goal is to proGXFH WKH ¿UVW JHQHUDWLRQ RI WKRXJKW OHDGHUV ZKR FDQ LQWHJUDWH
molecular biology with biocomputation. We have been and will
continue to enrich our environment to train individuals who will
be capable of leading their own independent research teams in
biocomputational modeling of cancer biology. Over the next two
years, we will extend three additional postdoctoral training fellowships in the program.
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Safety training and system instruction have been provided
to 68 new researchers conducting experimental MR studies at
the Lucas Center over the last twelve months. Magnet safety
training is provided twice a month and is an annual requirement

for all researchers assisting or conducting studies on any of the
magnet systems at the Lucas Center. A magnet safety refresher
course was provided to 175 researchers this past year. This enVXUHVWKDWDOOXVHUVDQGDVVLVWDQWVDUHTXDOL¿HGWRRSHUDWHWKHV\VWHPDQGVDWLV¿HV/XFDV&HQWHUDQG8QLYHUVLW\UHTXLUHPHQWVIRU
safety. System and safety support is provided to the researchers
7 days a week, 24 hours a day to ensure that research endeavors are successful, generate valuable data, and, above all, are
safe for the researchers, the human subjects and the MR system
and its components (Figure 1). Magnet safety is an on-going
concern as the MR environment can be a potentially lethal setting without continuing education and persevering support. The
research environment generates many new prototype designs in
RF imaging coils; imaging accessories; monitoring and response
devices such as button boxes, eye trackers, and electroencephalogram (EEG) recorders; and sensory devices. Evaluation of
these new devices is on-going to ensure that neither the image
data, the safety of the human subject, nor the integrity of the MR
system is compromised by the presence of these devices in the
magnet room, in the bore of the magnet, or in the presence of an
RF coil.

Figure 1. Romi, Sandra and Kristi are three of the four MR research
technologists who support scanning at the Lucas Center three magnet
laboratories.

Figure left: 7T Fast Spin Echo image taken July, 2006.
Figure below: 7T GE MR imaging system.
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INTRODUCTION

surgery, orthopedics, and neurosurgery. Ninety percent of our
referrals are from CT examinations, the remainder are from MRI
studies. With rapid advances in CT and MRI scanning over the
past ten years, our 3D examinations provide a larger range of
coverage with better temporal and spatial resolution (see Images
1 and 2).
Education: Both 3D labs continue to be attended by a rotation of Stanford Radiology fellows, residents, and medical students who acquire skills in 3D interpretation which will be useful in their future clinical practices. Our 3D imaging specialists
also train Stanford researchers from engineering and medical

This year the Stanford 3D medical imaging laboratory is celebrating a decade of service to the Stanford medical community.
In 1996, Geoffrey Rubin M.D. and Sandy Napel Ph.D. created
the 3D Laboratory with the mission of developing and applyLQJLQQRYDWLYHWHFKQLTXHVIRUWKHHI¿FLHQWDQDO\VLVDQGGLVSOD\
of medical imaging data through interdisciplinary collaboration.
We continue to pursue this mission ten years later. Our clinical
goal is to deliver 3D imaging advances as rapidly as possible
following validation to the Stanford and worldwide healthcare
communities. Our educational goal is to disseminate knowledge
and duplicate our 3D services at other institutions by providing

+
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Example of coronary artery
plaque characterization.

Images acquired
on TeraRecon
Aquariusnet.
Images 1 and 2. Aorto-iliac runoff CT angiogram (MIP) and volume rendered 3D
image from 2006. Images acquired on GE
Advantage Windows workstation.

Image 6. Example of automated
bone removal using subtraction
method on Siemens Leonardo 3D
workstation.
departments in the latest methodology for acquiring 3D images
and data for their research projects. In response to the external
demand for 3D imaging training, the 3D lab has sponsored an
increasing number of domestic and international visiting radiologists and technologists who have sought training through our
3D clinical fellowship program. This program provides an additional means for disseminating the imaging and management
knowledge and skills we have acquired into medical communities around the world, allowing Radiology departments to offer
3D imaging to clinicians and patients in mainstream settings.
This past year, we hosted approximately 50 visiting fellows
from a combination of local, national, and international hospitals and medical centers. Our international fellows came from
New Zealand, Japan, Hong Kong, Colombia, Canada, Thailand,

training for local and international physicians and technologists
in the latest developments in 3D imaging.

PROGRESS
Clinical: Over the past year, the 3D laboratory has conWLQXHG LWV RSHUDWLRQV VLPXOWDQHRXVO\ LQ WZR ORFDWLRQV WKH ¿UVW
ÀRRURIWKH/XFDV&HQWHUDVZHOODVWKHWKLUGÀRRURIWKH-DPHV
H. Clark Center, a building dedicated to interdisciplinary science. We have processed over 38,000 examinations since our
inception in 1996, with an average annual increase of 35% (see
Figure 1). We continue to provide 3D services for nearly every
clinical department at the Stanford Medical Center. The majority of our referrals come from vascular surgery, cardiothoracic
surgery, gastroenterology, cardiology, urology, reconstructive
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Philippines, Australia, Indonesia, South Korea, and China.

development and support.
We continue our excellent relationships with corporate
GHYHORSHUV RI ' ZRUNVWDWLRQV HJ *( +HDOWKFDUH 6LHPHQV
0HGLFDO6ROXWLRQV7HUD5HFRQDQG9LWDO,PDJHV ZKRVLWHWKHLU
hardware and software in the 3D lab in anticipation of our feed
back. These relationships ensure that we maintain the most ad
vanced multidimensional analytical technologies available. To
facilitate the bridge between innovation and the clinical use of
technology, we also serve as an imaging core lab for medical
device developers. These companies use our expertise to eval
uate their current and future products, in anticipation of FDA
DSSURYDO3UHVHQWLQGXVWULDOSURMHFWVLQFOXGHHYDOXDWLRQRIGDWD
IURPSXOPRQDU\YHLQDEODWLRQSURFHGXUHV WRWUHDWDWULDO¿EULOOD

INFRASTRUCTURE
When the 3D Medical Imaging Laboratory was established
in 1996, we had 300 square feet of space in the basement of the
Grant building, occupied by one 3D imaging technologist (Laura
Logan); one clinical GE Advantage Windows workstation; one
6LOLFRQ *UDSKLFV 2Q\[ ,Q¿QLWH 5HDOLW\ ZRUNVWDWLRQ DQG RQH
Silicon Grahics O2 workstation for seven engineering students,
post docs, and clinical researchers. The average monthly 3D
volume was 64 examinations.
Today we have 1300 square feet of space in our two labs.
Our six 3D imaging technologists include: Laura Pierce, 3D lab
PDQDJHU IRUPHUO\/DXUD/RJDQ 0DUF6R¿ORV/LQGD1RYHOOR

Image 3. Overhead views of the Lucas and Clark Center 4D
laboratories.
Images courtesy of
Mark Riesenberger.
Image 4. Example of PET/CT 3D image of
colorectal lesion using advanced software on GE
Advantage Windows workstation.

Image 5. Example of full range maximum intensity projection (MIP) and
shaded surface display 3D images
from 1996. 3D images acquired on GE
Advantage Windows workstation.

Figure 1. Annual
volume of exams
processed by 3D
Laboratory over
past ten years.
WLRQ DVZHOODVWKRUDFLFVWHQWJUDIWGHSOR\PHQW IRUWUHDWPHQWRI
thoracic aortic aneurysms).
Future clinical applications under investigation include
combining CT and molecular imaging techniques to display mo
lecular pathology in 3D anatomical models (Image 4); charac
terization of plaque in coronary artery disease (image 5); and
LPSURYHGDXWRPDWLRQRI'YLVXDOL]DWLRQWRLPSURYHHI¿FLHQF\
(image 6).

Keshni Kumar, William Johnsen, and our newest technologist
1RH+LQRMRVD:HDOVRHPSOR\DIXOOWLPHDGPLQLVWUDWLYHDVVLV
WDQW /DNHHVKD:LQVWRQ DQGDVRIWZDUHHQJLQHHU .DOD5DPDQ 
The lab retains an annual average of 12 engineering graduate
students and post doctoral scholars as well as two clinical MD
researchers. Our average monthly 3D volume has increased
more than ten fold to 700 examinations.
Both 3D labs include a central area table that invites collab
oration (see Image 3). We now have a total of ten advanced 3D
workstations for processing clinical cases and for research and
development. We also have three servers that provide remote 3D
rendering to the Stanford medical community, and two research
and development servers for image and data storage. The Lab
also houses a variety of PCs, SGIs, and printers for software

CONCLUSION
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The 3D Medical Imaging Lab continues to function as an
international leader in clinical care, teaching, and research in
PHGLFDOLPDJLQJDQDO\VLV7KHFRQÀXHQFHRIWDOHQWHGPHGLFDO
DQGHQJLQHHULQJH[SHUWLVHDVZHOODVWKHPRVWXSWRGDWHHTXLS
ment has been a consistent source of innovative developments in
diagnostic and treatment planning approaches.
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The Radiology Learning Center was developed as part of
the Lucas Center Expansion and opened in July 2005. The RLC
is comprised of three distinct spaces: a conference room, an adjacent breakout room and a “hotel” space for visiting faculty.
The vision for our project was to create a unique educational
learning center to be used to advance radiology education and
foster changes in the nature of learning, teaching and learning
environments through the intelligent use of technology.
The RLC conference room is located at the entrance to
Lucas II and serves as a show site for the department’s achieve-

ments. It is a desirable teaching space for faculty and an inspiring resource which will draw talented students to Stanford for
their education. It will further serve as a hub for faculty and visiting scholars.
The room was designed to support interactive, collaborative group learning. It is a technology-intensive learning space,
with multiple projection and plasma displays and an audio-video
routing system that allows the instructor to work with a number of computer and video “sources” in a number of different
FRQ¿JXUDWLRQV ,W LQFOXGHV WHFKQRORJLHV IRU UHPRWH FRQIHUHQFing, audience polling, and satellite TV reception. The room seats
DSSUR[LPDWHO\VWXGHQWVLQDFODVVURRPFRQ¿JXUDWLRQEXWFDQ
HDVLO\ EH UHFRQ¿JXUHG WR IDFLOLWDWH YDULRXV VHDWLQJ VW\OHV 7KH
technological sophistication of this space is unmatched in the
School of Medicine. As our faculty begin to teach in this new
facility it is evident that the opportunity to create unique curriculum and new tools for teaching will provide a great advantage to
our students in the years to come. Visitors from around the world
are already coming to teach and do research in partnership with
our faculty. Space for up to eight visiting faculty has been held to
DFFRPPRGDWHRXUYLVLWRUV7KHKRWHORI¿FHSURYLGHVWKHPZLWK
the essentials for a productive working environment as well as
an adjacency to our research efforts and teaching facilities.

The Radiology Learning Center is a technology driven learning space
with room for approximately 40 students at one time.

,?7,904,5;(3(504(346+,3*(9,-(*030;@
>,5+@)(<4.(9+5,99=;3(;.+0(5,/6>(9+9=;3(;.
The mission of the veterinary technical staff at the Lucas
Center is to provide support to all Radiology and collaborating
investigators from other departments in their research and to
provide appropriate care and use of all the animals entrusted to
XV 2XU PRGDOLWLHV LQFOXGH 05, &7 3(7 057 ÀXRURVFRS\
DQG ÀXRURVFRS\&7  :H DUH DEOH WR VWXG\ DOO V\VWHPV RI WKH
ERG\LQFOXGLQJVXFKVSHFL¿FGLVHDVHVDVDOFRKROLVPVWURNHFDQcer of the liver, breast, and prostate, neuroimaging of the brain,
and stent/graft implantation; thus, we are able to further improve
the detection and treatment of disease. We are now in the planQLQJ VWDJHV RI UHQRYDWLQJ RXU ÀXRURVFRS\ VXLWH WR LQFOXGH D
sterile surgical suite, patient preparation area, and recovery area
with state-of-the-art equipment. This will vastly improve our
ability to plan long-term chronic studies on animal species in an
approved USDA and AALAC animal facility. As always, our
goal is to diligently provide support to our animal subjects with
the utmost respect, compassion and professional care, while
complying with all government and university regulations and
policies. All studies are carried out under IACUC approved animal use protocols that are reviewed by the APLAC panel yearly.
Protocols are very explicit in terms of detailed procedures and
approved personnel; deviation from a protocol is not permitted.
All personnel are required to attend appropriate seminars in the
use of animal subjects given by the Department of Comparative
Medicine as required by Stanford University. In addition to our
technical support, we have instituted a rodent use-training pro-

gram that all personnel working with rodents in the Lucas Center
are required to successfully complete.
We look to the future with hope that through quality biomedical research the necessity for animal use will decrease with
the increased use of computerized models or other non-living
research systems. With this in mind, we realize the privilege we
are granted and strive for continued excellence in all research
taking place within the Department of Radiology.

Wendy Baumgardner prepares the surgical suite for a day-long
procedure.
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The Stanford Center for Innovation in In Vivo Imaging
(SCi3) has continued to grow over the last year, both in
available instruments and users. Our facilities offer access to a wide range of systems. We have two microPET
(Concorde R4 and GEHC/Suinsa eXplore Vista) systems.
The GEHC eXplore Vista microPET was brought online
in July and will complement the over-worked Concorde
R4 system. In addition, we have two microSPECT/CT
(Seimens/Imtek MicroCAT II and Gamma Medica Ideas
Flex) systems. We have brought the Gamma Medica
Ideas Flex system online, and it provides fast CT scans
and highly sensitive SPECT images. The small animal lab
also houses a dedicated GEHC eXplore Locus microCT
system; four Xenogen bioluminescent systems, three of
ZKLFKDOVRRIIHUÀXRUHVFHQWFDSDELOLWLHVDQGWZRZKROH
DQLPDO ÀXRUHVFHQW LPDJLQJ V\VWHPV &5L 0DHVWUR DQG
GEHC/ART eXplore Optix). The GEHC/ART eXplore
Optix is online and has been upgraded to provide multiZDYHOHQJWKÀXRUHVFHQWLPDJLQJ IRXUODVHUVLQWKHQHDU
infrared spectrum) with the capability to image quantum
dots.

Ted Graves (Radiation Oncology) evaluating a new pinhole collimator on the GEHC MicroCT.

)XUWKHU ÀXRUHVFHQW LPDJLQJ FDSDELOLWLHV DUH SURYLGHG E\
WKH 0DXQD .HD &HOOYL]LR ¿EUHEDVHG ÀXRUHVFHQW PLFURVFRSH
allowing in vivo cellular imaging with minimal invasive surgery. The Visual Sonics Vevo ultrasound has been upgraded to
provide micro bubble imaging capabilities. A cryomicrotome
and cryomacrotome provide further tools to aid ex vivo analysis. The facility lacks only an MRI system; the 7 Tesla micro
Signa magnet is ready to be installed, pending county approval
of the renovations required prior to installation. We anticipate
the 7T magnet will be installed by the end of the year and available to users early in 2007.
After achieving core resource status in September 2005,
we now provide access to our instruments on a fee basis. We
have over two hundred and forty registered users from seventy-seven laboratories; together, these users have employed our
systems for over nine hundred hours per month! Core director
Tim Doyle, D.Phil., and postdoctoral fellow Shay Keren, Ph.D.,
provide regular training sessions on each of the instruments and
are available to all users to help design, interpret, and troubleshoot experiments.
5HFHQWO\ WKH LPDJLQJ IDFLOLW\ KRVWHG LWV ¿UVW VPDOO DQLmal-imaging workshop, which we hope will become an annual event. Scientists from all over the world attended seminars
presented both by instrument manufacturers and MIPS faculty
and viewed hands-on demonstrations by postdocs and students
from Drs. Contag and Gambhir’s laboratories. This educational
event was a great success for all involved.

6KD\LQVSHFWLQJWKHLPDJHRIDÀXRUHVFHQWUHSRUWHULQDPRXVH
on the CRi Maestro system.
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exposure during the process.
Several analytical instruments (i.e., high performance
liquid chromatography systems, dose calibration stations, gas
chromatograph, radioTLC system, and bubble-test apparatus)
and other instruments (i.e., Kugel-Rohr drying apparatus and
Heidolph rotoevaporators) were installed to aid in our radiotracer
quality control and organic chemistry efforts. Nine computer
solutions that control the various analytical instruments and
radiochemistry modules were mounted in the lab for ergonomic
and organizational reasons.

The PET radiochemistry research and production laboratories
have transformed immensely in the Cyclotron Suite over the
past year. After the validation of the cyclotron and ancillary
equipment, we made a tremendous effort to set up synthesis
modules and analytical instrumentation for the radiochemistry
within the Molecular Imaging Program at Stanford (MIPS).
We had to overcome several challenges during the installation
process, but we achieved our goal to provide 18F-labeled PET
radiotracers by early 2006, which included FDG, FHBG, FLT,
and other novel compounds.
Radiochemistry Research Laboratory Update: The newly
installed General Electric TRACERlab FX-FN modules #1 and
#2 are typically used to carry out simple radiosynthetic methods
to produce radiotracers such as FHBG and FLT, which are used
in human clinical studies to monitor gene therapy and tumor
proliferation, respectively. Another radiotracer, FAZA, can also
be made in the FX-FN#1 and is designed to detect hypoxia
using PET. In producing these radiotracers, we dedicate one
of our new radiochemistry protocols to the quality control of
human-use radiopharmaceuticals, while the rest are tested on
D VPDOO VFDOH  P&L  LQ RQH RI WKH ¿YH LQVWDOOHG VKLHOGHG
fume hoods. Once the radiochemistry shows proof of concept,
the new synthesis procedure is applied to the FX-FN#2 for
automation and optimization of the chemistry. After optimization
DQG YHUL¿FDWLRQ WKDW WKHUH ZLOO QRW EH LQFRPSDWLELOLW\ LVVXHV
with respect to the other radiotracers, the new radiochemistry
can be translated to the FX-FN#1 to reduce the demand on
the FX-FN #2. Other novel radiopharmaceuticals can be more

Figure 2. Dr. Fred Chin explains state-of-the-art synthesis modules and instrumentation used to produce radiopharmaceuticals for human and animal use.

Radiochemistry Production Laboratory Update: The Comecer
Dorothea dose dispensing system was installed in the Cyclotron
Suite clean room in June of 2005. This piece of equipment
allows for the automatic dispensing of radiopharmaceuticals
from the bulk product vial into unit dose syringes. During late
2005 and early 2006, our good manufacturing practices, standard
RSHUDWLQJSURFHGXUHVDQGHTXLSPHQWTXDOL¿HGRXUODERUDWRU\WR
SURGXFH ÀXRULQH ODEHOHG ÀXRURGHR[\JOXFRVH >)@)'* 
The Cyclotron Suite started producing [F-18]FDG for the
Stanford Hospital on February 23, 2006. To meet the increasing
clinical demand for [F-18]FDG, a General Electric TRACERlab
MX-FDG system was installed in August, providing the ability
to reliably produce larger quantities of the radiotracer. Work is
currently ongoing to set up and validate the production of [N13]ammonia, providing clinicians with another tool for assessing
myocardial blood perfusion.
Future Plans.: Other radiotracers, such as 5-[18)@ÀXRURXUDFLO
and N-[11&@PHWK\OVSLSHURQH ZLOO EH XVHG WR YDOLGDWH WKH ¿QDO
two radiochemistry modules (FX-FE and FX-C). Two new staff
members will join our group toward the end of summer 2006 to
assist in the multiple radiosyntheses performed daily. In 2007,
we expect all of our commercial and custom modules to be at
full operation, which will allow the research and development of
3(7UDGLRSKDUPDFHXWLFDOVWRPRYHIRUZDUGVLJQL¿FDQWO\ZKLOH
providing promising radiotracers for biological evaluation at
Stanford University.

Figure 1. A custom-made module to perform sophisticated radiochemistry while
minimizing radiation exposure to the scientists.

complicated and require making an 18F-radiolabeling agent (i.e.,
[18)@ÀXRUREHQ]RLFDFLGDQG>18)@ÀXRURHWK\OWRV\ODWH ¿UVWLQWKH
FX-FN module. Additional radiochemistry steps with the labeling
agent are subsequently completed in a secondary, custom-made
radiochemistry apparatus. Two custom-made modules currently
being constructed consist of a pneumatic-controlled reactor,
automated lab-jack lift, and switched solenoid valves used to
UHJXODWH ÀXLGV DQG JDVHV 7KHVH FXVWRPPDGH PRGXOHV ZLOO
allow us to perform more sophisticated radiochemistries and
make improved radiotracers, while minimizing our radiation
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Using High Resolution Structural and Quantitative MR Imaging;
7ULDO RQ (I¿FDF\ DQG 6DIHW\ RI /RQJ 7HUP 7UHDWPHQW ZLWK
ICL670 in Comparison with Deferoxamine in B-thalassmeia
Patients with Transfusional Hemosiderosis; Open Label, Safety,
Tolerability Study of Deferasirox for Treatment of Transfusional
Iron Overload in Low-Risk and INT-1 Myelodysplastic Patients;
Women’s Health Initiative Memory Study; Computer Modeling
and MRI of Hemodynamic Conditions in the Aorta; In Vivo
4XDQWL¿FDWLRQ RI +HPRG\QDPLF &RQGLWLRQV LQ WKH +XPDQ
Abdominal Aorta During Lower Limb Exercise; Hemodynamic
and Geometric Study of the Lower Extremity Vessels with
Respect to Body Posture, External Compression, and Muscle
Contraction; Hemodynamic Determinants of AAA Disease
Following Spinal Cord Injury; Improving SENSE MRI for
Spiral and Echoplanar Imaging; MR Characterization of Patent
Foramen Ovale and Atrial Septal Aneurysm Lesions; MRI
Screening and Staging of Colorectal Cancer; Apnea Positive
3UHVVXUH/RQJ7HUP(I¿FDF\&DUGLRYDVFXODU2XWFRPH5HVHDUFK
Study; Effect of Memantine on Brain Structure and Chemistry
in Alzheimer’s Disease; A Longitudinal Proton MRS Study
of HIV-related Brain Injury; Development of Antiangiogenic
Nanoparticles for Imaging and Therapy; Dual Modality
Imaging Agents; Synthesis and Characterization of T1-weighted Macromolecular Contrast Agents; In Search of Tumor Stem
Cells; A Model for Hypercortisolism for Major Depression;
Functional MRI of the Brain; HPA Axis/Dopamine Interactions
in Psychotic Depression; Cortical Processing of Visual Motion;
and Physiologic Basis of Visual Cognition.

Figure 1. Sandra and Kristi, MR research technologists at the Lucas
Center, conduct a cardiovascular MR examination at the 1.5T magnet.

The 1.5 Tesla (Figure 1), 3.0 Tesla and 7.0 Tesla (Figure 2)
G.E. Healthcare MR systems were recently upgraded to 12.0 M5
systems revision and currently operate at a maximum slew rate
of 150 milliTesla per meter per second and maximum gradient
amplitudes of 50 milliTesla per meter (1.5T) and 40 milliTesla per meter (3.0T and 7.0T). The hardware currently allows
the use of 8-channel phased array coils at 1.5T and 16-channel
phased array coils at 3.0T and 7.0T.
New radiofrequency (RF) coils at the 3.0T magnet include:
8-channel phased array head coil from Invivo/MRI Devices, Inc.
(Figure 3); 8-channel phased array neurovascular coil from G.E.
Healthcare (Figure 4); 8-channel phased array vision coil from
Nova Medical (Figure 5); and 8-channel phased array shoulder
coil from G.E. Healthcare (Figure 6).A new Veris vital signs
monitoring system from Medrad (Figure 7) was added to replace
the older MR Equipment physiological monitor.
Daily support in MR system operation and screening and
safety is provided to all researchers including faculty, postdoctoral fellows, graduate students, and visiting scholars in the
Lucas Center and Department of Radiology; researchers from
other University departments such as Psychology, Psychiatry,
Neurology, Neurosurgery, and Nephrology; and service center
users from outside of the University. Scan support was provided
for multiple research studies including: MR Imaging of Breast
Disease and Cancer; MRI/MRS of Prostate at 3.0T; MRI of Renal
Anatomy and Function in Chronic Ischemia; Development of 3T
Scan Protocols for the Musculoskeletal System; 3T Imaging of
3D Joint Models in Cadavers; Fat Redistribution and Metabolic
Change in HIV; Diabetes Therapy to Improve Muscle Mass and
Clinical Status in Cystic Fibrosis Patients with Abnormal Glucose
Tolerance; Evaluate the Effect of Minimally Invasive vs. Open
Posterolateral Lumbar Fusion on the Paraspinal Musculature

Figure 2. The 7.0T whole body MR system at the Lucas Center utilizes
16-channel receiver hardware (G.E. Healthcare, Milwaukee, Wisconsin,
USA).
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Figure 4. 3.0T 8-channel phased array neurovascular coil (G.E.
Healthcare, Milwaukee, Wisconsin, USA).

Figure 3. 3.0T 8-channel phased array head coil (Invivo/MRI Devices,
Waukesha, Wisconsin, USA).

$FRPSDUULVRQEHWZHHQGLIIHUHQWPDJQHWLF¿HOGVWUHQJWKV 77
and 7.0T) using a 3D Timr-of-Flight angiography imaging sequence.

Figure 5. 3.0T 8-channel phased array vision coil (Nova Medical, Inc.,
Wilmington, Massachusetts, USA).

Figure 7. Veris, the new MR compatible physiological monitoring system (Medrad, Indianola, Pennsylvania, USA).

Figure 6. 3.0T 8-channel phased array shoulder coil (G.E. Healthcare,
Milwaukee, Wisconsin, USA).
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SNR analysis based on the thermal
noise only model predicts that the 3D
stack-of-spiral acquisition method should
have a better SNR than the 2D multi-slice
method. However, the literature reports of
comparisons between 2D and 3D methods
DUHFRQÀLFWLQJ7KXVWKHVHUHVXOWVFDQQRW
be explained by a thermal noise model
only.
In this study, fMRI experiments were
SHUIRUPHGZLWKWKHVDPH¿HOGRIYLHZLQ
slab-select direction (zFOV=96mm) but
different slice thickness (1.5mm, 3mm
DQGPP RQ¿YHKHDOWK\YROXQWHHUVXVLQJWKHVHQVRU\WDVN,WFOHDUO\VKRZVWKDW
the performance of the 3D method is better than that of the 2D method for 1.5mm
slices and comparable for 3mm slices and
ZRUVH IRU PP VOLFHV7KH DERYH UHVXOWV
PLJKW EH H[SODLQHG E\ WKH SK\VLRORJLFDO
noise model and the fact that the 3D method is more sensitive to the susceptibility
JUDGLHQWLQGXFHGVLJQDOORVV
3K\VLRORJLFDO QRLVH LV D ÀXFWXDWLRQ
LQ VLJQDO DQG LV WKHUHIRUH SURSRUWLRQDO WR
WKHVLJQDO'XHWRWKHVODEH[FLWDWLRQWKH

VLJQDODQGVRWKHSK\VLRORJLFDOQRLVHDWN
VSDFHFHQWHULQWKH'PHWKRGLVODUJHUWKDQ
that in the 2D method. If we keep zFOV
WKH VDPH WKHQ WKH VDPSOLQJ LQFUHPHQW   LV
always the same. For thicker slices, the kVSDFH FRYHUDJH LV PDLQO\ ORFDWHG LQ WKH UHJLRQRIORZIUHTXHQF\7KXVLWVXIIHUVPRUH
IURPSK\VLRORJLFDOQRLVH,QDGGLWLRQWKH'
method is more sensitive to the susceptibilLW\ JUDGLHQW LQGXFHG VLJQDO ORVV 'HWDLOHG
DQDO\VLVVKRZVWKDWWKHVXVFHSWLELOLW\JUDGLHQWZKLFKLVQHFHVVDU\WRFDXVHWRWDOVLJQDO
loss in the 3D method is only half of that in
WKH ' PHWKRG 7KHUHIRUH ZH UHFRPPHQG
WKH'PHWKRGIRUKLJKUHVROXWLRQI05,H[periments and the traditional 2D method for
low resolution scans.

9,-,9,5*,:-<5+05.:6<9*,

Comparisons of functional results between 2D and 3D
methods.

,UDUUD]DEDO31LVKLPXUD'*0DJQ5HVRQ
0HG  <DQJ<et. al.,
0DJQ5HVRQ0HG  
/DL6*ORYHU*+0DJQ5HVRQ0HG
  <DQJ<et. al0DJQ
Reson Med, 1998;39(1):61-67.
1,+3

-LHZPIPSP[`VM/PNO9LZVS\[PVU+-490^P[O>OVSL)YHPU*V]LYHNL
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2QHSUREOHPLQKLJKUHVROXWLRQI05,VWXGLHVLVWKHORZ615RI
LPDJHV,QFHUWDLQFDVHVKLJKUHVROXWLRQI05,RYHUWKHZKROHEUDLQLV
GHVLUHGZKLFKZLOOUHVXOWLQDODUJHQXPEHURIVOLFHV7KH'PHWKRG
DV DQ DOWHUQDWLYH KDV WKH EHQH¿W RI LQFUHDVHG 615 FRPSDUHG WR WKH
PXOWLVOLFH'PHWKRGVHVSHFLDOO\ZKHQWKHQXPEHURIVOLFHVLVODUJH
7KHWHPSRUDOUHVROXWLRQLVYHU\SRRUVLQFHPXOWLVKRWVSLUDOVDUHXVHG
WRDFKLHYHWKHKLJKLQSODQHUHVROXWLRQ+RZHYHUXVLQJ81)2/'WHFKnique it can be improved to a level which is equivalent to that of a
VLQJOHVKRWVSLUDO
,Q WKLV VWXG\ ZH SHUIRUPHG D KLJK UHVROXWLRQ I05, H[SHULPHQW

RQQRUPDOYROXQWHHUVXVLQJD7HVODZKROHERG\VFDQQHU 6LJQD*(
Medical Systems, Milwaukee, WI) with a small head coil. A 3D 2-shot
stack-of-spirals trajectory was used to cover the k-space. FOV was
9.6cm×22cm×22cm and the matrix size was 64×128×128 which resultHGDYR[HOVL]HRIPPéPPéPP7KH75SHUWLPHIUDPHZDV
VZKHQ81)2/'WHFKQLTXHZDVXVHG$VHQVRU\WDVNZLWKPRWRUDXGLtory and visual stimulus was used for functional scan. Functional results from
representative slices in motor, auditory and visual areas are shown here.
([SHULPHQWV KDYH VKRZQ WKDW KLJK UHVROXWLRQ I05, VWXGLHV RYHU
the whole brain could be done within a reasonable amount of scan time.
+RZHYHU WKH WHPSRUDO UHVROXWLRQ LV VWLOO VRPHZKDW ORZ 7R LPSURYH
WKHWHPSRUDOUHVROXWLRQRQHZD\LVWRXVHWKHFRQMXJDWHGVSLUDOLQRXW
WHFKQLTXH E\ FRPELQLQJ WKH VSLUDO LQ DQG RXW WUDMHFWRU\$QRWKHU ZD\
is to use the partial k-space method which can improve both the SNR
HI¿FLHQF\ DQG WKH WHPSRUDO UHVROXWLRQ GXH WR WKH H[LVWHQFH RI SK\VLRORJLFDOQRLVHDFFRUGLQJWRRXUUHFHQW¿QGLQJ:HEHOLHYHWKDWZLWKDOO
WKHVH WHFKQLTXH WKH KLJK UHVROXWLRQ I05, VWXG\ RYHU WKH ZKROH EUDLQ
with reasonable temporal resolution is feasible, which not only produces
activation maps with much more details, but also increases our capabilLW\WRVWXG\WKRVHUHJLRQVVXIIHULQJIURPWKHODUJHVLJQDOGURSRXWGXHWR
VXVFHSWLELOLW\JUDGLHQWV

9,-,9,5*,:-<5+05.:6<9*,
,UDUUD]DEDO31LVKLPXUD'*)DVWWKUHHGLPHQVLRQDOPDJQHWLFUHVRQDQFH
LPDJLQJ0DJQ5HVRQ0HG  /DL6*ORYHU*+7KUHH
dimensional spiral fMRI technique: a comparison with 2D spiral acquisition.
0DJQ5HVRQ0HG  1,+3

Activation maps from representative slices in motor (1st row),
auditory (2nd row) and visual (3rd row) areas.
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Previous studies have shown the relative
LPSRUWDQFHRISK\VLRORJLFDOQRLVHDQGWKHUPDO
QRLVH LQ ' 05 LPDJHV 6LQFH SK\VLRORJLFDO
QRLVHLVSURSRUWLRQDOWRWKHVLJQDOLWFDQEHWKH
dominant component at the center of k-space.
,Q WKLV VWXG\ ZH GHPRQVWUDWH WKDW WKH VLJQDO
WR QRLVH UDWLR 615  HI¿FLHQF\ DQG WHPSRUDO
resolution for 3D fMRI are increased by usLQJ D SDUWLDO NVSDFH DFTXLVLWLRQ PHWKRG ,Q
SDUWLDO NVSDFH PHWKRGV WKH KLJK VSDWLDO IUHquency components are doubled in amplitude
GXULQJ UHFRQVWUXFWLRQ UHVXOWLQJ LQ WZLFH DV
much noise from those components. However
in sum these contributions are relatively small
compared to those at the low spatial frequenFLHV ZKHUH SK\VLRORJLFDO QRLVH LV GRPLQDQW
7KHUHIRUHWKHHIIHFWRQWKH¿QDO05LPDJHVLV
DOPRVWQHJOLJLEOHGXHWRWKHVTXDUHVXPPDWLRQ
UXOH7KXVXVLQJWKHSDUWLDONVSDFH'PHWKRGVDFUL¿FHVPXFKOHVV615WKDQLVH[SHFWHG
from the thermal noise model, and the SNR
HI¿FLHQF\ LV LQFUHDVHG RYHU IXOON DFTXLVLWLRQ
since more time frames can be collected for
WKHVDPHVFDQWLPH$FFRUGLQJO\WKHWHPSRUDO
resolution can be increased in 3D acquisitions
VLQFHRQO\SDUWLDOFRYHUDJHRINVSDFHLVQHF-

HVVDU\([SHULPHQWDOUHVXOWVFRQ¿UPWKDWPRUH
DFWLYDWLRQ ZLWK D KLJKHU DYHUDJH WVFRUH LV GHWHFWHGE\WKLVPHWKRG/RZ615DQGORZWHPporal resolution are the problematic issues in the
KLJK UHVROXWLRQ I05, VWXGLHV 7KH ' PHWKRG
KDV WKH EHQH¿W RI LQFUHDVHG 615 FRPSDUHG WR
the multi-slices 2D method especially when the
QXPEHURIVOLFHVLVODUJH3DUWLDONVSDFHPHWKRGFDQIXUWKHULQFUHDVHWKH615HI¿FLHQF\DQG
WKHWHPSRUDOUHVROXWLRQ7KXVWKHFRPELQDWLRQ
of two techniques may provide a possible way
RIGRLQJKLJKUHVROXWLRQI05,VWXGLHVRYHUWKH
whole brain within a reasonable amount of scan
time.

9,-,9,5*,:-<5+05.:6<9*,

The comparisons of motor, auditory and visual activations between the full k-space method (top row) and
the partial k-space method (bottom row) are shown in
a, b and c respectively.

.UXJHU**ORYHU*+3K\VLRORJLFDOQRLVHLQ
R[\JHQDWLRQVHQVLWLYHPDJQHWLFUHVRQDQFHLPDJLQJ
0DJQ5HVRQ0HG  1ROO'&
Nishimura D, Macovski A. Homodyne detection
LQPDJQHWLFUHVRQDQFHLPDJLQJ,(((7UDQV0HG
,PDJLQJ0,  ,UDUUD]DEDO
31LVKLPXUD'*)DVWWKUHHGLPHQVLRQDO
PDJQHWLFUHVRQDQFHLPDJLQJ0DJQ5HVRQ0HG
  /DL6*ORYHU*+7KUHH
dimensional spiral fMRI technique: a comparison
ZLWK'VSLUDODFTXLVLWLRQ0DJQ5HVRQ0HG
1998;39(1):68-78.
1,+3

3VJHS+`UHTPJ:OPTTPUNMVY:SPJL^PZL0THNL(JX\PZP[PVU
1<5.1005/:<(5+.(9@/.36=,9+,7(9;4,5;6-9(+0636.@
7KHDLPRIWKLVSURMHFWLVWRGHYHORS
JUDPWKHQUHWULHYHVWKHQH[WHQWU\LQWKH
DQ DFWLYH VKLPPLQJ PHWKRG WR PLWLJDWH
shim table and updates the output of a
WKHLPDJLQJPDJQHWLF¿HOGLQKRPRJHQHLW\
multichannel shim power supply. 8VLQJ
caused by local structure of smaller scale in
DQ RUDO VKLP FRLO IRU VKLPPLQJ WKH ,)/
WKH ¿HOG RI YLHZ 6XFK ¿HOG LQKRPRJHQHwe have demonstrated that slice-wise dyity can not be corrected by the shims of the
QDPLFVKLPPLQJFDQJHQHUDWHVKLP¿HOG
conventional clinical scanner but its correcthat overall matches the desired one better
tion is crucial in fMRI. Previously, we have
WKDQ VWDWLF YROXPH VKLPPLQJ GRHV )LJ
VKRZQWKDWORFDOVKLPPLQJIRUWKHLQIHULRU
1). By computational simulations, we
SRUWLRQRIWKHIURQWDOOREH ,)/ FDQEHHIhave also shown that, to obtain the same
IHFWLYHO\DFKLHYHGE\FXUUHQWFDUU\LQJFRLOV
VKLPPLQJHI¿FLHQF\VOLFHZLVHG\QDPLF
held in the subject’s mouth and better shimVKLPPLQJLVPRUHÀH[LEOHLQGHWHUPLQLQJ
PLQJUHVXOWVDUHREWDLQHGLIWKHUHJLRQRILQthe shim current distribution than static
WHUHVW 52, LVGLYLGHGLQWRVPDOOHUUHJLRQV
YROXPHVKLPPLQJZKLFKJUHDWO\VLPSOLDQG HDFK UHJLRQ LV VKLPPHG VHSDUDWHO\ Comparison of the effect of local shimming. (a) no local shimming,
¿HV WKH VKLP FRLO GHVLJQ ,Q DGGLWLRQ WR
(b) with local, dynamic slice-wise shimming, (c) with local, static
Recently, we have developed a dynamic volume shimming. The spiral images (gray; TE = 40 ms) are overWKH EUDLQ RWKHU DUHDV RI SUREOHPDWLF JHVKLPPLQJWKDWFRPELQHVWKHDGYDQWDJHRI ODLGRQIDVWVSLQHFKRDQDWRPLFLPDJHV UHG IRUHDV\LGHQWL¿FDWLRQ
RPHWU\PD\EHQH¿WDVZHOOIRUH[DPSOH
ORFDO VKLPPLQJ DQG VPDOO 52,7KH FRQ- of signal recovery.
the neck, shoulders, and breasts.
FHSWLVWKDW'05LPDJHVDUHXVXDOO\DFTXLUHGVOLFHZLVHWKXVLWLVEHQH¿FLDOWRVKLPVOLFHE\VOLFHRYHUVKLPPLQJ
9,-,9,5*,:-<5+05.:6<9*,
--+VXDQG*+*ORYHU0LWLJDWLRQRIVXVFHSWLELOLW\LQGXFHGVLJQDOORVVLQ
WKHHQWLUHYROXPH,QVOLFHZLVHG\QDPLFVKLPPLQJWKHVKLPFXUUHQWVDUH
QHXURLPDJLQJXVLQJORFDOL]HGVKLPFRLOV0DJQ5HVRQ0HG±  
optimized for each slice and are set to the optimized values when the corre--+VXDQG*+*ORYHU/RFDOG\QDPLFVKLPPLQJIRUVOLFHZLVHLPDJH
VSRQGLQJVOLFHLVEHLQJDFTXLUHG7KHVKLPFXUUHQWVDUHVWRUHGLQDWDEOH
DFTXLVLWLRQ,Q3URFHHGLQJVRIWKHWK6FLHQWL¿F0HHWLQJ,QWHUQDWLRQDO
RIWKHFRQWUROFRPSXWHUSURJUDPLQVHTXHQFHPDWFKLQJWKHRUGHURIWKH
6RFLHW\IRU0DJQHWLF5HVRQDQFHLQ0HGLFLQH0D\±6HDWWOH
VOLFHDFTXLVLWLRQ7KHVFDQQHUWULJJHUVWKHFRQWUROFRPSXWHUE\D77/
:DVKLQJWRQ86$S
7KLVZRUNLVVXSSRUWHGE\1,+55DQGWKH5LFKDUG0/XFDV)RXQGDWLRQ
VLJQDOaPVHDFKWLPHEHIRUHDVOLFHLVVHOHFWHG7KHFRQWUROSUR-
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;PTL:LYPLZ4HWWPUNVM[OL3VUNP[\KPUHS9LSH_H[PVU;PTLPUM490
1<5.1005/:<(5+.(9@/.36=,9+,7(9;4,5;6-9(+0636.@
'LUHFW ORQJLWXGLQDOUHOD[WLRQ  7KH DYHUDJH7 FKDQJH
ation-time (7 PDSSLQJZLWKRXW
LVaDW72XU7PDSSLQJ
DFRQWUDVWDJHQWKDVQRWEHHQXWLhas smaller statistical t scores
lized in fMRI because the conLQ FRPSDULVRQ ZLWK 7 EDVHG
YHQWLRQDO PHDVXULQJ PHWKRGV
fMRI. Nevertheless, because the
such as inversion recovery and
7 FKDQJH LV FORVHO\ UHODWHG WR
saturation recovery methods reWKH LQÀRZ HIIHFW ZH DUH GHYHOTXLUHORQJVFDQWLPH&KDQJHRI
RSLQJ7PDSSLQJIRUFRQVWUXFW7UHODWHGWRWKHQHXURQDODFWLYLQJ TXDQWLWDWLYH IXQFWLRQDO SHUity has been reported; however
IXVLRQ PDSV 5HJXODU SHUIXVLRQ
these results are inferred from
WHFKQLTXHV UHTXLUH WZR LPDJHV
7ZHLJKWHGVFDQV5HFHQWO\ZH Brain activation maps of a motor-visual task by T1-based (upper row) and T2*(one is spin-labeled and one is
based (BOLD; lower row) fMRI.
GHYHORSDIDVW7PDSSLQJPHWKcontrol) or require repetitions for
od that allows us to explore the utility of this important MR parameter
YDULRXVLQYHUVLRQWLPHV6RLQIXQFWLRQDOPDSSLQJGLUHFW7PDSSLQJ
LQI05,2XUPHWKRGDFTXLUHVPXOWLSOHFXUYH¿WWLQJVDPSOHVZLWKRQH
FRXOGEHPRUHHI¿FLHQW:HDUHDOVRLQYHVWLJDWLQJKRZZHFDQWDNHDGscan but the conventional methods can acquire only one sample at a
YDQWDJHRIWKHVKRUWHFKRWLPHRIWKLVPHWKRGWRPDSDUHDVRIVHYHUH
WLPH7KXVRXUPHWKRGLVLGHDOIRUG\QDPLFWLPHVHULHVPDSSLQJ:H
¿HOGLQKRPRJHQHLW\
KDYH DSSOLHG WKLV PHWKRG WR REWDLQ WKH VWDWLF 7 PDS RI WKH KXPDQ
EUDLQ WKH UHVXOWV DUH LQ DJUHHPHQW ZLWK RWKHU SXEOLVKHG YDOXHV 2Q D
9,-,9,5*,:-<5+05.:6<9*,
phantom, the difference between our results and that of an inversion re--+VXDQG,-/RZH6SLQODWWLFHUHOD[DWLRQDQGDIDVW7PDSDFTXLVLWLRQ
FRYHU\PHWKRGLVEHORZ7RVXPPDUL]HRXU¿QGLQJVRYHUWKHWKUHH
PHWKRGLQ05,ZLWKWUDQVLHQWVWDWHPDJQHWL]DWLRQ-0DJQ5HVRQ±
 --+VXDQG*+*ORYHU5DSLG05,PHWKRGIRUPDSSLQJWKHORQJLWXGLQDO
subjects in fMRI of a motor-visual task: (1) Our method can effectively
UHOD[DWLRQWLPH-0DJQ5HVRQ±  --+VXDQG*+*ORYHU
PDSWKH7FKDQJHLQWKHEORFNGHVLJQHGWLPHFRXUVH  7KHDFWLYD5DSLGWLPHVHULHVPDSSLQJRIWKHORQJLWXGLQDOUHOD[DWLRQWLPHRIWKHEUDLQGXULQJQHXURQDO
WLRQPDSVJHQHUDWHGE\WKHFRQYHQWLRQDO7 EDVHG %2/' FRQWUDVW
DFWLYLW\,Q3URFHHGLQJVRIWKHWK6FLHQWL¿F0HHWLQJ,QWHUQDWLRQDO6RFLHW\IRU0DJQHWLF
DQG7FKDQJHDUHFRQVLVWHQWEXWQRWLGHQWLFDO )LJ   7KHDSSDU5HVRQDQFHLQ0HGLFLQH0D\±6HDWWOH:DVKLQJWRQ86$S
HQWORQJLWXGLQDOUHOD[DWLRQLVIDVWHU LH7LVVKRUWHU GXULQJDFWLYD7KLVZRUNLVVXSSRUWHGE\1,+55DQGWKH5LFKDUG0/XFDV)RXQGDWLRQ

7YLJVTWLUZH[PVUVM:WPYHS;YHQLJ[VY`MVY9LK\JLK;LTWVYHS-S\J[\H[PVU5VPZLPUM490
*/90:;05,3(>.(9@.36=,9+,7(9;4,5;:6-,3,*;90*(3,5.05,,905.9(+0636.@
,PDJHTXDOLW\LQIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJ I05, GHSHQGVKHDYLO\RQ¿GHOLW\RIWKHLPDJLQJ
WUDMHFWRU\DFWXDOO\XVHG(YHQDFDOLEUDWHGVFDQQHUZLOO
LQWURGXFHGHYLDWLRQLQWRDFDUHIXOO\GHVLJQHGWUDMHFWRU\
,I WUDMHFWRU\ GHYLDWHV GXULQJ LPDJH DFTXLVLWLRQ EXW UHFRQVWUXFWLRQ DVVXPHV WKH GHVLJQHG WUDMHFWRU\ DOLDVLQJ
artifacts will occur. We therefore propose a linear preFRPSHQVDWLRQWHFKQLTXHIRUJHQHUDWLQJDQDFWXDOWUDMHFWRU\FORVHWRLQWHQGHGGHVLJQ,PDJHDUWLIDFWVFDQEHUHGXFHGE\XVLQJWKLVSUHFRPSHQVDWHGWUDMHFWRU\
%HWZHHQ GHVLJQ DQG PHDVXUHG WUDMHFWRULHV SUHFRPSHQVDWHG WUDMHFWRU\ FDQ EH FDOFXODWHG XVLQJ OLQHDU
HTXDWLRQV8VLQJWKHSUHFRPSHQVDWHGWUDMHFWRU\DVVFDQQHULQSXWWKHGHVLJQWUDMHFWRU\LVDFWXDOO\JHQHUDWHGLQ
k-space. A two-shot spiral trajectory is used to demonVWUDWH WKLV SUHFRPSHQVDWLRQ WHFKQLTXH 8VLQJ SUHFRPpensated trajectory in fMRI, we observed reduction in
ÀXFWXDWLRQ QRLVH FDXVHG E\ PRWLRQ 7R HPSKDVL]H HIfects of motion, a conventional two-shot experiment
ZDVVHSDUDWHGLQWRWZRH[SHULPHQWVHDFKXVLQJRQHLQWHUOHDI7KHVDPHVXEMHFWZDVVFDQQHGXVLQJGHVLJQDQG
SUHFRPSHQVDWHGWUDMHFWRULHV7HPSRUDOVWDQGDUGGHYLDWLRQIRUHDFKSL[HOVKRZVDGHFUHDVHGÀXFWXDWLRQZKHQ
XVLQJ SUHFRPSHQVDWHG WUDMHFWRU\ 7R WHVW IRU UHGXFWLRQ
LQDUWLIDFWVDSKDQWRPLVLPDJHGXVLQJSUHFRPSHQVDWHG
DQGGHVLJQWUDMHFWRULHV VHH¿JXUH $UWLIDFWVDSSHDUDVD

FLUFXODUULQJDWLPDJHFHQWHUUHGXFHGE\SUHFRPSHQsated trajectory.
(YHQ ZLWK FDUHIXO FDOLEUDWLRQ RI 05, VFDQQHUV
DFWXDO LPDJLQJ WUDMHFWRULHV ZLOO DOZD\V GHYLDWH IURP
WKHLUGHVLJQLQSUDFWLFHLPDJHVDUHW\SLFDOO\DFTXLUHG
XVLQJLPSHUIHFWWUDMHFWRULHV:HGHYHORSHGDSUHFRPpensation technique to minimize deviation between
GHVLJQ DQG PHDVXUHG WUDMHFWRULHV :H IRXQG WKDW LPDJHDOLDVLQJDUWLIDFWVIURPWUDMHFWRU\LPSHUIHFWLRQDUH
reduced by precompensation. Fluctuation noise caused
E\PRWLRQFDQDOVREHUHGXFHGXVLQJRXUWHFKQLTXH

9,-,9,5*,:-<5+05.:6<9*,

Artifact from trajectory imperfection using a 2-shot spiral is seen
as a ring in image center (arrow).
(top) Using design trajectory.
(bottom) Artifacts reduced using
pre-compensated trajectory.
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--+VXDQG,-/RZH6SLQODWWLFHUHOD[DWLRQDQGDIDVW
7PDSDFTXLVLWLRQPHWKRGLQ05,ZLWKWUDQVLHQWVWDWH
PDJQHWL]DWLRQ-0DJQ5HVRQ±  --
+VXDQG*+*ORYHU5DSLG05,PHWKRGIRUPDSSLQJWKH
ORQJLWXGLQDOUHOD[DWLRQWLPH-0DJQ5HVRQ±
 --+VXDQG*+*ORYHU5DSLGWLPHVHULHV
PDSSLQJRIWKHORQJLWXGLQDOUHOD[DWLRQWLPHRIWKHEUDLQ
GXULQJQHXURQDODFWLYLW\,Q3URFHHGLQJVRIWKHWK6FLHQWL¿F
0HHWLQJ,QWHUQDWLRQDO6RFLHW\IRU0DJQHWLF5HVRQDQFHLQ
0HGLFLQH0D\±6HDWWOH:DVKLQJWRQ86$S
7KLVZRUNLVVXSSRUWHGE\1,+55DQGWKH5LFKDUG0
/XFDV)RXQGDWLRQ
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(:LSMUH]PNH[LK:WPYHS0U 6\[7\SZL:LX\LUJL+LZPNUMVY9L[YVZWLJ[P]L4V[PVU*VYYLJ[PVU
4(2:6@*30<1446:,3,@19)(44,91+,7(9;4,5;:6-9(+0636.@(5+,3,*;90*(3,5.05,,905.
,QWURGXFWLRQ&RUUHFWLRQRIPRWLRQDUWLIDFWVVWLOO
DOL]HG6(16(DOJRULWKPWKDWKDVDFKDQQHOIRUHDFK
remains to be one of the most essential topics in MR.
FRLODQGIRUHDFKLQWHUOHDILVXVHGWRUHPRYHDOLDVLQJ
(VSHFLDOO\LQWKHFDVHRIXQFRRSHUDWLYHSDWLHQWVVXFK
DQG UHFRQVWUXFW WKH LPDJH7KLV VHTXHQFH KDV EHHQ
DVFKLOGUHQDQGSDWLHQWVVXIIHULQJIURPPHGLFDOFRQWHVWHGRQWZRQRUPDOYROXQWHHUVXVLQJD7VFDQGLWLRQV WKDW SUHYHQWV WKHP IURP VWD\LQJ VWDWLRQDU\
QHU *( 6LJQD /;   ZLWK D KLJK SHUIRUPDQFH
accurate determination and correction of motion beJUDGLHQWV\VWHP *PD[ P7P65 P7P
FRPHVDPXVWIRUJRRGLPDJHTXDOLW\0RVWUHWURVSHFV DQGDQFKDQQHOKHDGDUUD\ 05,'HYLFHV 7KH
WLYH PRWLRQ FRUUHFWLRQ DOJRULWKPV VXIIHU IURP DOLDVUHVXOWVRIPRWLRQFRUUHFWLRQDOJRULWKPDUHVKRZQLQ
LQJDUWLIDFWVDULVLQJEHFDXVHRIORFDOXQGHUVDPSOLQJ
WKH¿JXUH
in k-space after rotation correction. In this study, we
&RQFOXVLRQ  7KH 6SLQ(FKR 6SLUDO ,Q  2XW
DGGUHVVWKLVSUREOHPE\XVLQJSDUDOOHOLPDJLQJPHWK7UDMHFWRU\ GHVLJQ XVHG LQ WKLV VWXG\ IRU PRWLRQ FRURGVWR¿OOLQPLVVLQJNVSDFHGDWD
UHFWLRQ VLJQL¿FDQWO\ UHGXFHV DUWLIDFWV UHVXOWLQJ IURP
Methods and Results: In the proposed pulse Results for the motion correction algoLQSODQHULJLGERG\PRWLRQ7KHSXOVHVHTXHQFHHI¿VHTXHQFHIRUWKLVDOJRULWKPDVSLUDOLQWUDMHFWRU\LV rithm (TE/TR=90/3000 ms , Matrix Size =
ciently utilizes otherwise unused time prior to the for256 x 256, Navigator Resolution : 32 x 32,
XVHGWRJHWDIXOO\VDPSOHGORZUHVROXWLRQLPDJHIRU Rotation = +- 8o, Translation = +-3 mm)
PDWLRQRIDVSLQHFKRWRDFTXLUHORZUHVROXWLRQQDYLJDeach interleave, and an interleaved spiral-out trajecWRULPDJHV,QDGGLWLRQWRPRWLRQGHWHFWLRQWKHVHPDSV
(a) Reference Image (b) Image with no
motion correction (c) Image obtained with
WRU\LVXVHGWRDFTXLUHGWKH¿QDOKLJKUHVROXWLRQLPFDQVLPXOWDQHRXVO\EHXVHGWRJHQHUDWHFRLOVHQVLWLYLW\
DJH7KHGDWDREWDLQHGIURPWKHVFDQVDUHIHGLQWRD motion correction and gridding (d) Final
PDSV)XWXUHVWXGLHVDOVRLQFOXGHFRPELQLQJPRWLRQ
PRWLRQFRUUHFWLRQDOJRULWKPWKDWXVHVWKHQDYLJDWRU image obtained with motion correction &
FRUUHFWLRQZLWKSKDVHFRUUHFWLRQLQ'7,VWXGLHV
SENSE. The aliasing artifacts resulting
LPDJHVWRDFFRPSOLVKFRUHJLVWUDWLRQDQGWRHVWLPDWH from local k-space undersampling are sigthe amount of rotation and translation. After the deQL¿FDQWO\UHPRYHGZLWKSDUDOOHOLPDJLQJ
9,-,9,5*,:-<5+05.:6<9*,
termination of motion parameters, k-space trajec0$NVR\&/LX00RVHOH\5%DPPHUµ$6HOI
QDYLJDWHG6SLUDO,Q 2XW3XOVH6HTXHQFH'HVLJQIRU5HWURVSHFWLYH0RWLRQ
WRU\NVSDFHGDWDDQGWKHFRLOVHQVLWLYLWLHVDUHFRUUHFWHGDFFRUGLQJO\E\
&RUUHFWLRQ¶3URF,60506HDWWOH:$ 
FRXQWHUURWDWLQJWKHNVSDFHWUDMHFWRULHVDQGDSSO\LQJDOLQHDUSKDVHWR
7KLVZRUNZDVVXSSRUWHGLQSDUWE\WKH1,+ 5(% WKH&HQWHURI
NVSDFHGDWD7KLVPRWLRQFRUUHFWLRQLQWURGXFHVVRPHJDSVLQNVSDFH
$GYDQFHG057HFKQRORJ\DW6WDQIRUG 355 /XFDV)RXQGDWLRQ
DQGFDXVHVDOLDVLQJLQLPDJHGRPDLQ$PRGL¿HGYHUVLRQRIWKHJHQHU-

,MMLJ[VM6]LYZHTWSPUNPU4\S[P:OV[+>0
*/<53,030<963(5+)(44,940*/(,3,46:,3,@+,7(9;4,5;6-9(+0636.@
0XOWLVKRWWHFKQLTXHVVXFKDV3523(//(5
DQG VHOIQDYLJDWHG LQWHUOHDYHG VSLUDOV 61$,/6 
KDYH GHPRQVWUDWHG JUHDW XWLOLW\ IRU KLJK UHVROXWLRQGLIIXVLRQZHLJKWHGLPDJLQJ ':, 5HFHQWO\
D FRQMXJDWH JUDGLHQW &*  PHWKRG WKDW FRUUHFWV
IRU SKDVH YDULDWLRQ LQGXFHG E\ SK\VLRORJLF PRtion was introduced and demonstrated to improve
WKHLPDJHTXDOLW\RIPXOWLVKRW':,GUDPDWLFDOO\
Moreover, this technique can be easily combined
ZLWKWKH6(16(UHFRQVWUXFWLRQIRUSDUDOOHOLPDJLQJ+RZHYHUOLWWOHLVNQRZQDERXWKRZWUDMHFWRU\
GHVLJQSDUDPHWHUVDIIHFWWKHLUQDYLJDWLRQFDSDELOLties or how to optimize trajectories for multi-shot
':, :LWK WKH &* PHWKRG ZH FDQ HYDOXDWH WKH
phase correction capability relative to different
UHDGRXW VWUDWHJLHV DQG WKHLU WUDMHFWRU\ GHVLJQ SDUDPHWHUVLQWKHSUHVHQFHRINVSDFHXQGHUVDPSOLQJ
and phase map errors.
Six readout trajectories were evaluated with
WKLV &* SKDVH FRUUHFWLRQ DOJRULWKP LQFOXGLQJ LQWHUOHDYHG(3, L(3, FRQYHQWLRQDOGHQVLW\VSLUDOA
= 1) and four variable density spiral with pitch factors A of 2, 3, 4 and 5. Motion induced phase errors
ZHUH DGGHG WR HDFK LQWHUOHDI7ZR VHWV RI VLPXODtion were performed: one with estimation errors in
phase maps and the other with k-space undersam-

Comparison of phase correction capability of
different trajectories under three conditions:
(a) phase map is perfectly known; (b) phase
map used for reconstruction contains 5% error; and (c) only half of the data are used, but
with known phase maps. In each group, the
¿UVWURZVKRZV&*UHFRQVWUXFWHGLPDJHVDQG
WKHVHFRQGURZVKRZVLPDJHVZLWKRQO\¿UVW
order correction. The trajectories from left to
right are: iEPI, conventional spiral (A = 1),
VD spiral with A = 2, and with A = 4.
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SOLQJ,QWKH¿UVWVHWRIVLPXODWLRQWUXHSKDVHPDSV
ZHUHQRWXVHGIRUSKDVHFRUUHFWLRQVSHFL¿FDOO\
random perturbations were introduced to the phase
maps which simulate error in phase map estimation.
,QWKHVHFRQGVHWRIVLPXODWLRQXQGHUVDPSOLQJWKH
NVSDFHZDVDFKLHYHGE\VNLSSLQJHYHU\RWKHULQWHUOHDIZKLOHPDLQWDLQLQJDSHUIHFWSKDVHPDS
In conclusion, we show that trajectories that
oversample the center of k-space have more favorable properties for phase correction than critically
VDPSOHGWUDMHFWRULHV&*SKDVHFRUUHFWLRQDFKLHYHV
WKH EHVW LPDJH TXDOLW\ LQ WKH OHDVWVTXDUH VHQVH
ZKLOH D ZHOOEDODQFHG RYHUVDPSOLQJ RI WKH FHQWHU
k-space increases the tolerance for trajectory imSHUIHFWLRQ HJGXHWRHGG\FXUUHQWV DQGHUURUVLQ
phase map, thus offers more robustness for multishot DWI.

9,-,9,5*,:-<5+05.:6<9*,
&KXQOHL/LX5RODQG%DPPHU0LFKDHO(0RVHOH\
2SWLPL]LQJSKDVHFRUUHFWLRQIRUPXOWLVKRW':,ZLWK
FRQMXJDWHJUDGLHQWPHWKRGDQGRYHUVDPSOLQJ3URFRI
WK,60506HDWWOH$EVWUDFW
1,+5161,+5(%/XFDV
)RXQGDWLRQ&HQWHURI$GYDQFHG057HFKQRORJ\RI
6WDQIRUG 1&55355
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/PNO9LZVS\[PVU:5(03:+;0^P[OH:WPYHSPU5H]PNH[VY
*/<53,030<963(5+)(44,940*/(,3,46:,3,@+,7(9;4,5;6-9(+0636.@
SKDVHPDS7KLVH[WUDQDYLJDWRUUHGXFHVWKHRYHUVDPSOLQJIDFWRURIWKH
9'VSLUDODQGKHQFHLPSURYHVWKHDFTXLVLWLRQHI¿FLHQF\ZKLOHPDLQWDLQLQJDPRGHUDWHRYHUVDPSOLQJDQGKHQFHUHGXQGDQF\WRFRPSHQVDWH
UHVLGXDOSKDVHHUURUV,QYLYRKLJKUHVROXWLRQGLIIXVLRQWHQVRULPDJLQJ
'7, DUHGHPRQVWUDWHGZLWKWKLVLPSURYHG61$,/6
7KH VSLUDOLQ QDYLJDWRU SURYLGHV PRUH UHOLDEOH SKDVH QDYLJDWLRQ
WKDQWKHFHQWHUNVSDFHGDWDDORQHZKLFKUHVXOWVLQKLJKHU6157KH
LPSURYHPHQWLVPRVWVLJQL¿FDQWIRUVPDOOHUSLWFKIDFWRUV)XUWKHUPRUH
WKH VSLUDOLQ QDYLJDWRU UHGXFHV WKH QHFHVVLW\ WR H[FHVVLYHO\ RYHUVDPSOHWKHFHQWHUNVSDFH%HFDXVHRIWKLVRYHUVDPSOLQJWKHUHDGRXWWLPH
IRUHDFKLQWHUOHDIRIWKH9'VSLUDOLVW\SLFDOO\ORQJHUIRUODUJHUSLWFK
IDFWRUV)RUH[DPSOHZLWKWKHSDUDPHWHUVJLYHQLQWKLVDEVWUDFWHDFK
LQWHUOHDI RI D 9' VSLUDO KDV DURXQG  VDPSOLQJ SRLQWV IRU A = 4,
DQGVDPSOLQJSRLQWVIRUA 7KHVSLUDOLQQDYLJDWRUHQDEOHVD
VPDOOHUSLWFKIDFWRUZKLFKUHVXOWVLQVKDUSHULPDJHV2QWKHRWKHUKDQG
ZLWKWKHUHDGRXWWLPHNHSWWKHVDPHWKHQDYLJDWRUFDQVKRUWHQWKHVFDQ
WLPH RI 61$,/6 E\ XVLQJ D VPDOOHU SLWFK IDFWRU DQG OHVV LQWHUOHDYHV
$GGLWLRQDOO\ WKH VSLUDOLQ LPDJH FDQ EH XVHG WR FRUHJLVWHU GLIIHUHQW
interleaves.

High resolution SNAILS DTI (A = 2) reconstructed (a) with spiral-in
navigator; (b) without spiral-in navigator. With the navigator, images
have better contrast and SNR.
9DULDEOHGHQVLW\ 9' VSLUDOKDVEHHQDSSOLHGLQ61$,/6 6HOI
1DYLJDWHG ,QWHU/HDYHG 6SLUDO  IRU WKH DFTXLVLWLRQ RI KLJKUHVROXWLRQ
GLIIXVLRQZHLJKWHGLPDJHV,WKDVEHHQVKRZQWKDWE\RYHUVDPSOLQJWKH
FHQWHU RI NVSDFH 61$,/6 SURYLGHV WKH FDSDELOLW\ WR FRUUHFW IRU WKH
PRWLRQLQGXFHG SKDVH HUURUV )XUWKHUPRUH WKH LQFUHDVHG LPDJH 615
UHVXOWLQJ IURP RYHUVDPSOLQJ LPSURYHV WKH WROHUDQFH IRU UHVLGXDO PRWLRQLQGXFHGSKDVHHUURUV2QWKHRWKHUKDQGH[FHVVLYHRYHUVDPSOLQJ
of the center k-space increases readout time, which may increase offUHVRQDQFHEOXUULQJDQGQRLVHFRUUHODWLRQ+HUHDPHWKRGLVSURSRVHG
WRLPSURYH61$,/6E\XVLQJDVKRUWVSLUDOLQQDYLJDWRUWRDFTXLUHWKH

9,-,9,5*,:-<5+05.:6<9*,
&KXQOHL/LX5RODQG%DPPHU0LFKDHO(0RVHOH\,PSURYHGKLJKUHVROXWLRQ
61$,/6'7,ZLWKDVSLUDOLQQDYLJDWRU3URFRIWK,60506HDWWOH
DEVWUDFW
1,+5161,+5(%/XFDV)RXQGDWLRQ&HQWHURI
$GYDQFHG057HFKQRORJ\RI6WDQIRUG 1&55355

0TWYV]LK*VUQ\NH[L.YHKPLU[7OHZL*VYYLJ[PVU(SNVYP[OTMVY4\S[P:OV[
10(5A/(5.*/<53,030<140*/(,3,46:,3,@13<*(:*,5;,9-6904(.05.+,7(9;4,5;:6-9(+0636.@

,3,*;90*(3,5.05,,905.
6HOI1DYLJDWHG ,QWHU/HDYHG 6SLUDO
61$,/6 LPDJHUHFRQVWUXFWLRQDOJRULWKP
LV DGDSWHG IURP 6(16( XVLQJ FRQMXJDWH
JUDGLHQW &*  PHWKRG E\ WUHDWLQJ WKH
phase correction map of each interleaf as
coil sensitivity. However, the system is
not as well conditioned with each entry of
WKHSKDVHHQFRGLQJPDWUL[DVDSXUHSKDVH
WHUP7KHFRPSXWDWLRQDOHUURUVIURPJULGGLQJ FRXOG VORZ WKH FRQYHUJHQFH RI &*
DQG GHJUDGHV WKH TXDOLW\ RI UHFRQVWUXFWLRQ +HUH ZH SUHVHQW DQ LPSURYHG &*
DOJRULWKP ,&*  ZKLFK FRQYHUJHV PXFK
faster and does better reconstruction by
LQWURGXFLQJDQDGGLWLRQDOSKDVHFRUUHFWLRQ
VWDJH:HHYDOXDWHWKHLPSURYHGDOJRULWKP
DWYDULRXVGHJUHHVRIPRWLRQDQGDUDQJH
RI VLJQDO WR QRLVH UDWLR 615  7KURXJK
simulation, we demonstrate that the imSURYHPHQW LQ LPDJH TXDOLW\ LV DOPRVW LQdependent of SNR, while the improvement
LQWKHFRQYHUJLQJVSHHGLVPRVWVLJQL¿FDQW
DWKLJKHU615
7KH LPSURYHPHQWV LQ FRQYHUJHQFH
rate can be explained in a view of system

VFDOH 7R GR D 6(16( UHFRQVWUXFWLRQ
of an LPDJH D ( 2 N ) 2 s ( 2 N ) 2 real system
QHHGV WR EH VROYHG LI WKH LPDJH YHFWRU
LV GHFRPSRVHG LQWR UHDO DQG LPDJLQDU\
SDUWV %\ IRUFLQJ UHDO XSGDWHV LQ &*
the system size is equivalently reduced
to N 2 s N 2  :H DOVR WHVWHG WKH DOJRULWKP
E\UHFRQVWUXFWLQJDQLPDJHIURPVDPSOHV
on a conventional spiral trajectory with
NQRZQPRWLRQLQGXFHGSKDVHPDSV7KH
RULJLQDO &* DOJRULWKP FRXOG QRW HOLPLQDWHWKHDOLDVLQJRQWKH¿QDOLPDJHGXHWR
VHYHUHXQGHUVDPSOLQJRIHDFKLQWHUOHDIDW
WKHFHQWHURINVSDFH:KHUHDV,&*VWLOO
GRHVDJRRGUHFRQVWUXFWLRQ

9,-,9,5*,:-<5+05.:6<9*,
&RPSDULVRQRI,&*DQGWKHRULJLQDO&*DOJRULWKP D PHDQ
square error of the reconstructed image as a function of 1/SNR.
(b) Number of iterations needed at different noise levels. (More
iterations are needed for high SNR to trade higher accuracy.
NOI is smaller for low SNR since the residual noise error can’t
be further reduced after a few effective steps. )



-LDQ=KDQJ&KXQOHL/LX0LFKDHO(0RVHOH\
,PSURYHG&RQMXJDWH*UDGLHQW3KDVH
&RUUHFWLRQ$OJRULWKPIRU0XOWL6KRW':,
3URFRIWK,60506HDWWOH$EVWUDFW

1,+5161,+5(%
/XFDV)RXQGDWLRQ&HQWHURI$GYDQFHG05
7HFKQRORJ\RI6WDQIRUG 1&55355
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,]HS\H[PVUVM*VUQ\NH[L.YHKPLU[7OHZL*VYYLJ[PVU(SNVYP[OT<UKLY5VPZ`*VUKP[PVUZ
10(5A/(5.*/<53,030<(5+40*/(,3,46:,3,@-+,7(9;4,5;:6-,3,*;90*(3,5.05,,905.9(+0636.@
61$,/6 >@ LV D SURPLVLQJ QHZ GLI)LJDVKRZVWKDWWKHUHFRQVWUXFWLRQHUIXVLRQZHLJKWHG LPDJLQJ PHWKRG ZKLFK LV
ror is nearly proportional to the noise level.
FDSDEOHRIFRUUHFWLQJPRWLRQLQGXFHGSKDVH
0RWLRQLQGXFHGSKDVHVLJQL¿FDQWO\GHJUDGHUURUVE\XVLQJYDULDEOHGHQVLW\ 9' VSLUDO
ed the quality of reconstruction but the error
trajectories. However, little is known about
is not quite dependent on the scale of motion.
WKH SHUIRUPDQFH RI WKH DOJRULWKP XQGHU
)LJEVKRZVWKDWPRUHLWHUDWLRQVGRQ¶WQHFQRLV\ FRQGLWLRQV $OWKRXJK WKH FRPSXWDHVVDULO\EULQJEHWWHULPDJHVDWKLJKHUQRLVH
WLRQDO DOJRULWKP LV VLPLODU WR WKH RULJLQDO
OHYHOVDQGWKHDOJRULWKPHYHQGLYHUJHVZKHQ
6(16(UHFRQVWUXFWLRQWKHSKDVHFRUUHFWLRQ
615LVWRRORZ+RZHYHULIWKHDOJRULWKP
problem is not as well conditioned with each
is forced to terminate after only a few steps,
HQWU\RIWKHSKDVHHQFRGLQJPDWUL[DVDSXUH
WKHUHFRQVWUXFWHGLPDJHLVDOVRLQUHDVRQDEOH
SKDVH WHUP +HUH ZH VKRZ WKDW 61$,/6
quality, with a noise power comparable to
LV QRW VLJQL¿FDQWO\ DIIHFWHG E\ SK\VLRORJLWKDWRIWKHVRXUFHLPDJH7KLVFRXOGEHH[FDO QRLVHV E\ VWXG\LQJ LWV SHUIRUPDQFH RQ
SODLQHGDV&*VHDUFKLQJHUURUV7KHUHGXQVLPXODWHG 61$,/6 GDWD ZLWK YDULHV VLJQDO
dant searches are mainly in noise directions
to noise ratio (SNR) and motion scales.
when the inherent SNR is already reached.
7KH61$,/6UHFRQVWUXFWLRQDOJRULWKP Performance of SNAILS reconstruction. (a) Reconstruction er(PSLULFDOO\ ZH WHUPLQDWH WKH DOJRULWKP
ZDV WHVWHG RQ [ VLPXODWHG LPDJHV URUVIRUYDULRXV615DQGPRWLRQOHYHOV E /RJRI&*FULWHULRQ when the slope of ORJ D GURSVWR
as a function of iteration count (diamonds represent the optiZLWKDGGLWLYH*DXVVLDQQRLVHV RQO\LQLPDJH GRPDLQ  DQG DGGHG SKDVHV E\ XVLQJ D mal termination points where the best images are obtained.)
9'VSLUDOWUDMHFWRU\ [ 7RVWXG\WKH
9,-,9,5*,:-<5+05.:6<9*,
performance quantitively, we only added linear phase maps onto the
/LX&HWDO0DJQ5HVRQ0HG3UXHVVPDQQ.3HW
RULJLQDOLPDJHZKLFKEDVLFDOO\VLPXODWHLQSODQHSK\VLFDOPRWLRQVRI
DO0DJQ5HVRQ0HG/LX&HWDO0DJQ5HVRQ0HG
WKHVXEMHFW7KHDOJRULWKPZDVLPSOHPHQWHGLQ0$7/$%$YHUDJHUH
FRQVWUXFWLRQ HUURUV DQG &* HVWLPDWLRQ HUURUV ZHUH UHFRUGHG DW YDULHV
1,+5161,+5(%/XFDV)RXQGDWLRQ&HQWHURI
QRLVHDQGPRWLRQ NVSDFHVKLIW OHYHOV )LJ 
$GYDQFHG057HFKQRORJ\RI6WDQIRUG 1&55355

7Z`JOVZ\YNLY`9L]PZP[LK!-YVU[HS3VIV[VT`3LZPVUZ,Z[PTH[LK^P[O+PMM\ZPVU;LUZVY0THNPUN
.3,559-6?(5+96),9;-+6<./,9;@+,7(9;4,5;6-7:@*/636.@
)URQWDOORERWRP\SV\FKRVXUJHU\FDPHLQWRZLGHVSUHDGXVHLQWKH
¶V1HDUO\SDWLHQWVXQGHUZHQWVRPHIRUPRIORERWRP\LQDQ
HIIRUWWRUHPHG\YDULRXVSDWKRORJLHVVXFKDVVFKL]RSKUHQLDVHYHUHGHSUHVVLRQDQG2&'7KHSURFHGXUHWRRNWZRIRUPVWKH)UHHPDQ:DWWV
SURFHGXUHDQGWKH7UDQVRUELWDOPHWKRG,QWKH)UHHPDQ:DWWVSURFHGXUH D QHXURVXUJHRQ FXWV:KLWH 0DWWHU :0  SDWKZD\V E\ HQWHULQJ
WKHEUDLQDWVHYHUDOSRLQWVDORQJWKHFRURQDOVXWXUH)UHHPDQODWHUGHYHOoped the transorbital lobotomy, an outpatient procedure that attempted
WR VHYHU VLPLODU:0 SDWKZD\V E\ HQWHULQJ WKH EUDLQ WKURXJK WKH H\H
socket. While these procedures occasionally achieved a modest reducWLRQLQV\PSWRPVSURJUHVVRIWHQFDPHDWWKHFRVWRIVHYHUHFRJQLWLYH
and social impairments. Here we estimate the white matter pathways
DIIHFWHG E\ IURQWDO ORERWRP\ XVLQJ 'LIIXVLRQ 7HQVRU ,PDJLQJ DQG ¿EHUWUDFNLQJ%RWKSURFHGXUHVHIIHFWLYHO\VHYHUHGWKHDQWHULRUWKDODPLF
SHGXQFOHWKHLQIHULRUORQJLWXGLQDOIDVFLFXOXVIURQWDOFDOORVDOFRQQHFWLRQVWKHXQFLQDWHIDVFLFXOXVDQGWKHFLQJXOXP2XUDQDO\VLVVXJJHVWV
that the procedure would have severed the frontal-thalamic connections
WKDW WKH VXUJHRQV H[SOLFLWO\ WDUJHWHG WKH DQWHULRU WKDODPLF SHGXQFOH 
but would also have severed several other major pathways, thus resultLQJ LQ SHUYDVLYH SV\FKRORJLFDO HIIHFWV 7KH PHWKRGV GHYHORSHG KHUH
PD\ DOVR EH DSSOLFDEOH WR PRGHUQ SV\FKRVXUJLFDO WHFKQLTXHV VXFK DV
FLQJXORWRP\

7KLVLPDJHVKRZVDQHVWLPDWLRQRIWKH¿EHUVDIIHFWHGE\IURQWDOORERWRP\
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0ZVSH[PUN3PULHY(UPZV[YVWPJ:[Y\J[\YLZPU/\THU)YHPU+;490
+(50,3),550:1.69+65205+34(5546508<,46.,5:,51;(30(=,9;052:@1:*6;;>(;3(:1963(5+)(44,91
1
+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@"3()69(;69@6-4(;/,4(;0*:0504(.05./(9=(9+<50=,9:0;@
*(4)90+.,4(<50;,+:;(;,:
Introduction: Diffusion
LPDJH WKHQ GHYDOXDWLQJ WKH
WHQVRU PDJQHWLF UHVRQDQFH
color intensity by the product
LPDJLQJ '705, LVLQFUHDVRI )$ DQG PRGH 7KH HIIHFW
LQJO\XVHGWRDVVHVVWKHZKLWH
LVWRORZHUWKHEULJKWQHVVRI
PDWWHU LQWHJULW\ RI SDWLHQWV
planar anisotropic structures
ZLWKDYDULHW\RISDWKRORJLHV
DQGWRKLJKOLJKWIHDWXUHVWKDW
7LPDJHVDUHRIWHQFRPELQHG
DUHKLJKO\OLQHDUDQLVRWURSLF
with trace and fractional anAll colormaps are equally
isotropy (FA) maps in the
window-leveled.
complete assessment of brain
5HVXOWV 7KH SDWLHQW
SDWKRORJ\ :KLOH WUDFH DQG
LQ )LJXUH  SUHVHQWHG ZLWK
White arrows indicate regions wherein the DECM maps better characterize the underlying
FA maps indicate the mean
*%0 DQG VXUURXQGLQJ YDVRtissue structure.
EXONGLIIXVLYLW\ PDJQLWXGHRI
JHQLF HGHPD7KH WLVVXH VXULVRWURS\ DQGWKHOHYHORIVWUXFWXUDORUJDQL]DWLRQ PDJQLWXGHRIDQLVRWURXQGLQJWKHH[WHUQDOFDSVXOHLQ)LJXUH%DSSHDUVDVDODUJH¿EURXV
URS\ QHLWKHUPDSLQGLFDWHVWKHNLQGRIXQGHUO\LQJDQLVRWURS\ WHQVRU
PDVV EXW WKH '(&0 )LJ &  FOHDUO\ GHOLQHDWHV D VPDOOHU EDQG RI
PRGH 7KHPRGHRIDQLVRWURS\FKDUDFWHUL]HVWKHNLQGRIDQLVRWURS\DV
linear anisotropic structure. We believe that such a map may provide
LWUDQJHVIURPOLQHDUDQLVRWURSLF L1>>L2 L3) to orthotropic to planar
LPSRUWDQWLQVLJKWWRVXUJHRQVGXULQJWXPRUUHVHFWLRQWUHDWPHQW
anisotropic (L1 L 2>>L3).
0HWKRGV:LWKRXWWKHXVHRI70VWDQGDUG'(&VKLJKOLJKWVWUXFWXUHVWKDWLQFOXGHSODQDUDQLVRWURS\LQZKLFKWKHSULPDU\HLJHQYHFWRU
9,-,9,5*,:-<5+05.:6<9*,
direction is only known within a plane of rotation. A comparative evalu(QQLV'%DQG.LQGOPDQQ*2UWKRJRQDOWHQVRUGHFRPSRVLWLRQIRUDQDO\VLVRI
DWLRQRI'(&VWKDWLQFRUSRUDWH70LVGHPRQVWUDWHG'(&VWKDWLQFRU'705,DQLVRWURS\,6050&RQI3URF0LDPL)/YS
SRUDWHPRGH '(&0 DUHJHQHUDWHGE\HQFRGLQJWKHFRPSRQHQWVRIWKH
7KLVZRUNZDVVXSSRUWHGE\WKH1,+ 5(%7&$WR'%( 
SULPDU\HLJHQYHFWRULQWRWKHUHGJUHHQDQGEOXHFKDQQHOVRIDFRORU

*HSSVZHS:LNTLU[Z+LÄULKI`*VY[PJHS7YVQLJ[PVUAVULZ+PMMLYPU-YHJ[PVUHS(UPZV[YVW`
(9=,3/,95(5+,A196),9;-+6<./,9;@140*/(3),5:/(*/(91.(@3,2+,<;:*/176305(76;(505(1963(5+)(44,9
)90(5(>(5+,331+,7(9;4,5;:6-17:@*/636.@9(+0636.@
RIWKHVHVSOHQLDOUHJLRQVZDV
VLJQL¿FDQWO\ KLJKHU WKDQ LQ
DOORWKHUUHJLRQV7KHSDULHWDO
projections were comparable
WRWKRVHZLWKLQWKHJHQX RUbital and anterior frontal projections). Such differences in
)$PD\UHÀHFWGLIIHUHQFHVLQ
D[RQ GLDPHWHU DQGRU LQ P\elin lamellae. In particular,
WKH KLJK )$ SRUWLRQ RI WKH
splenium likely corresponds
WRWKHODUJH¿EHUVFRQQHFWLQJ
YLVXDOFRUWLFDOUHJLRQV HVSHcially dorsal occipital) and
WKH WHPSRUDO OREHV 'DPDJH
to the mid-splenium can lead
WR DOH[LD 2XU UHVXOWV VXJJHVWWKDWVNLOOHGUHDGLQJPD\
rely on the unique properties,
measured by distinct FA valXHVRIFHUWDLQRFFLSLWDODQGRU
temporal lobe connections.

Post-mortem studies reveal
systematic differences in the diDPHWHURID[RQDO¿EHUVSDVVLQJ
WKURXJK YDULRXV UHJLRQV RI WKH
FRUSXV FDOORVXP &&  $ERLWL]
1992). In vivo measurements
XVLQJ GLIIXVLRQ WHQVRU LPDJLQJ
VKRZ DSSDUHQWO\ VLPLODU &&
differences in fractional anisotropy (FA): the splenium shows
WKH KLJKHVW )$ IROORZHG E\ WKH
ERG\DQGWKHQWKHJHQX &KHSXUL
  +HUH ZH GHWHUPLQH WKH
cortical projection zones of the
white matter pathways correVSRQGLQJ WR WKH UHJLRQV ZLWK
these FA differences. We used
'7,EDVHG¿EHUWUDFNLQJWRVHJPHQW WKH && E\ FRUWLFDO SURMHFWLRQ ]RQH H[WHQGLQJ +XDQJ
 LQFKLOGUHQDJHG
0HDQ)$ZDVFDOFXODWHGIRUHDFK&&VHJPHQWLQLQGLYLGXDOVXEMHFWV
)$ZDVKLJKHVWLQWKHLQIHULRUVSOHQLXPDUHJLRQWKDWFRQWDLQV¿EHUV
SURMHFWLQJ WR WKH RFFLSLWDO OREHV +LJK )$ YDOXHV ZHUH DOVR REVHUYHG
LQWKHPLGVSOHQLDOUHJLRQSURMHFWLQJWRWKHWHPSRUDOOREHV)$LQERWK

9,-,9,5*,:-<5+05.:6<9*,
6XSSRUWHGE\1,+(<
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/PNO;LTWVYHS9LZVS\[PVU4\S[PLJOV+:*7LYM\ZPVU0THNPUN\ZPUN.9(77(,70
9,?-69+5,>)6<3+:;,-(5:2(9,4(9*<:(33,@963(5+)(44,9+,7(9;4,5;6-9(+0636.@
Dynamic susceptibility
LPDJH EOXUULQJ LQ HFKR SODFRQWUDVW '6& EDVHG SHUIXQDU LPDJLQJ (3,  3UHYLRXV
VLRQZHLJKWHG LPDJLQJ 3:, 
DWWHPSWV DW XVLQJ PXOWLVKRW
LVRIJUHDWXWLOLW\WRGHWHUPLQH
(3,ZLWK'6&KDYHPHWZLWK
“tissue-at-risk” in acute stroke
limited success due to the
SDWLHQWV 7RJHWKHU ZLWK GLIIXQHHG IRU KLJK WHPSRUDO ORFDOVLRQZHLJKWHGLPDJLQJ ':, 
ization in the k-space acquisiLWFDQKHOSWULDJHSDWLHQWVZKR
tion, which is overcome here
FDQ SRWHQWLDOO\ EHQH¿W IURP
ZLWK D XVLQJ SDUDOOHO LPDJLQJ
IV tPA treatment or mechaniIRUWHPSRUDOORFDOL]DWLRQ7KLV
cal thrombectomy. However,
study minimizes the problems
WKH '6&EDVHG GHWHUPLQDWLRQ
DVVRFLDWHG ZLWK VLQJOHVKRW
of hemodynamic parameters
(3, LQ '6&3:, E\ XVLQJ
is often frustrated by the poor
PXOWLVKRWSDUDOOHOLPDJLQJLQ
LPDJHTXDOLW\WKDWUHVXOWVIURP
combination with a multi-slice
WKH XVH RI VLQJOHVKRW (3,
multi-echo acquisition dubbed
%HVLGHV WKH JHRPHWULF GLVWRU3(50($7( 3(5IXVLRQZLWK
tions and poor resolution as0XOWL(FKR DQG $FFHOHUDWHG
VRFLDWHGZLWK(3,VFDQVWKHUH
7HPSRUDO (QKDQFHPHQW  (3,
can be profound problems in
that allows both perfusion and
GHWHUPLQLQJ DQ DUWHULDO LQSXW &HUHEUDOEORRGÀRZ &%) PDSFUHDWHGXVLQJ3(50($7(1RWHWKHODFNRIVXVFHSWLELOLW\
SXUH 7  PDSSLQJ DW D YHU\
function (AIF) accurately; artifacts in the lowest slice, where these artifacts commonly appear.
KLJKWHPSRUDOUHVROXWLRQ
however, the latter is mandatory to obtain the tissue residue function by deconvolution and con9,-,9,5*,:-<5+05.:6<9*,
VHTXHQWO\DIIHFWVWKHYHUDFLW\RIWKHKHPRG\QDPLFSDUDPHWHUV,PDJH
2VWHUJDDUG/HWDO050*ULVZROG0HWDO050
TXDOLW\LVVXHVDULVHPDLQO\GXHWR L VWURQJ7 LQGXFHGEOXUULQJ LL 
3UXHVVPDQQ.HWDO0509RQNHQ(-HW
VXVFHSWLELOLW\ JUDGLHQWV HPDQDWLQJ IURP WKH VLQXVHV DQG WKH DXGLWRU\
DO-05,5HLVKRIHU*HWDOWK,6050%DPPHU
5HWDOWK,6050S6NDUH6HWDOWK,6050S
FDQDOVDGMDFHQWWRWKHEUDLQDQG LLL WKHKLJKFRQFHQWUDWLRQRIFRQWUDVW
2422.
PDWHULDOLQWKHYHVVHOVGXULQJEROXVSDVVDJHWKDWFDXVHVFOLSSLQJRIWKH
7KLVZRUNZDVVXSSRUWHGLQSDUWE\WKH1,+ 5(% WKH&HQWHURI
bolus maximum for typical echo times. Both multi-shot acquisitions and
$GYDQFHG057HFKQRORJ\DW6WDQIRUG 355 /XFDV)RXQGDWLRQDQG
SDUDOOHOLPDJLQJVXFKDV*5$33$DQG6(16(KDYHEHHQGHPRQVWUDWHG
Oak Foundation.
WREHH[WUHPHO\SRZHUIXOPHWKRGVWRUHGXFHJHRPHWULFGLVWRUWLRQVDQG

:,5:,HUK.9(77(9LJVUZ[Y\J[PVUVM4\S[P:OV[4\S[P,JOV,70+H[H
+)*3(@;65::2(9,95,>)6<3+9)(44,9+,7(9;4,5;6-9(+0636.@
XVLQJLQIRUPDWLRQIURPWKHRWKHULQWHUOHDYHVLWLVSRVVLEOHWRJHQHUDWH
WKHDXWRFDOLEUDWLRQVLJQDOVUHTXLUHGIRU*5$33$RUWKHIXOO)29VHQVLWLYLW\PDSVUHTXLUHGIRU6(16($GGLWLRQDOÀH[LELOLW\LVSRVVLEOHIRU
DFTXLVLWLRQVLQZKLFK1LLVODUJHHQRXJKVRWKDWVKRWVFDQEHFROODWHG
into k-space sets with R < Ni. In this work, we explored the differences
EHWZHHQ WKH LPSOHPHQWDWLRQ DQG SHUIRUPDQFH RI EDVLF *5$33$ DQG
6(16( UHFRQVWUXFWLRQV RI 3(50($7( GDWD ZLWK DQ HIIHFWLYH UHGXFWLRQIDFWRURI:HFRQFOXGHWKDWZKLOH*5$33$UHFRQVWUXFWLRQFRXOG
be treated nearly as a black-box and demonstrated extremely robust and
UHOLDEOHSHUIRUPDQFHLQWKHFDVHVWUHDWHGKHUHWKH6(16(UHFRQVWUXFWLRQUHTXLUHGVRPHUH¿QHPHQWRIWKHGHWDLOVLQYROYHGLQWUDQVIRUPLQJ
the data from all shots into the optimum sensitivity maps; without such
UH¿QHPHQWVQRWLFHDEOHDUWLIDFWVFRXOGUHVXOW

2QHRIWKHPRVWSURPLVLQJEHQH¿WVRISDUDOOHOLPDJLQJLVWKDWLW
FDQUHGXFHGLVWRUWLRQVE\VKRUWHQLQJWKHUHDGRXWWLPHVRIIDVWDFTXLVLWLRQWHFKQLTXHVVXFKDVHFKRSODQDULPDJLQJ (3, 7KHWUDGHRIIIRU
WKLVLPSURYHPHQWLVDGURSLQVLJQDOWRQRLVHUDWLRGXHWRLPSHUIHFWUHFHLYHUJHRPHWU\DQGIHZHUPHDVXUHPHQWVWKHUHLVDOVRWKHSRWHQWLDOIRU
HUURUVGXHWRWKHPRUHFRPSOLFDWHGUHFRQVWUXFWLRQDOJRULWKPVWKDWUHO\
RQHVWLPDWLRQVRIDGGLWLRQDOLQIRUPDWLRQDERXWWKHUHFHLYHUFRLOV7KLV
additional information is typically acquired either by a separate lowUHVROXWLRQVFDQRUE\LQFRUSRUDWLQJDVHJPHQWRINVSDFHDFTXLUHGDWWKH
1\TXLVWVDPSOLQJUDWHGLUHFWO\LQWRWKHVHTXHQFHRILQWHUHVWERWKRIWKHVH
techniques have limitations. We have recently developed a multi-shot
PXOWLHFKR (3, SXOVH VHTXHQFH WR PHDVXUH 3(5IXVLRQ ZLWK 0XOWLSOH
(FKRHVDQG7HPSRUDO(QKDQFHPHQW 3(50($7( GHVFULEHGLQDVHSDUDWH DEVWUDFW KHUHLQ7KLV VHTXHQFH DOORZV IRU JUHDWHU UHFRQVWUXFWLRQ
ÀH[LELOLW\HDFKVKRWFDQEHWUHDWHGDVDVHSDUDWHXQGHUVDPSOHGNVSDFH
DFTXLVLWLRQDQGUHFRQVWUXFWHGXVLQJHLWKHU*5$33$RU6(16(ZLWKDQ
effective reduction factor, R, equal to the number of interleaves, Ni. By

9,-,9,5*,:-<5+05.:6<9*,
,6050S
1,+ 5(% 7KH&HQWHUIRU$GYDQFHG057HFKQRORJ\DW6WDQIRUG
355 7KH/XFDV)RXQGDWLRQ7KH2DN)RXQGDWLRQ



5L\YVPTHNPUN

(5L^7YVWLSSLY,70+LZPNU\ZPUN:OVY[(_PZ9LHKV\[Z
::2(9,9+5,>)6<3++)*3(@;659)(44,93<*(:49:0*,5;,9+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
(3,VXIIHUVIURPYDULthese phase errors, the RF
RXV DUWLIDFWV VXFK DV JHRUHIRFXVHG 3523(//(5 VHmetric distortions, Nyquist
quence (1,4) may be used.
JKRVWLQJ 7  EOXUULQJ
7KLVKDVQRQHRIWKHJHRPHWMaxwell effects and eddy
ULF SUREOHPV LQ (3, EXW LV
currents (especially for
quite SAR intensive, which
':(3,  7KH PDJQLWXGH
becomes primarily an issue at
of these artifacts is inversely
KLJKHU ¿HOGV ,QKHUHQW QDYLscaled by the speed of kJDWRUFDSDELOLWLHVDOVRH[LVWLQ
VSDFH WUDYHUVDO DORQJ WKH
SURSHOOHU(3,  ,WVKDUHV
SKDVH HQFRGLQJ GLUHFWLRQ
the same k-space trajectory
(a.k.a. pseudo bandwidth),
DV 3523(//(5 ZLWK WKH
which is determined by two
UHDGRXW GLUHFWLRQ DORQJ WKH
factors: a) the time between
ORQJD[LVRIWKHEODGHV )LJ
two consecutive echoes in Figure 1. a) k-space trajectories for PROPELLER (1) and LAP-EPI implementa- 1a). We will refer to this proWKH (3, UHDGRXW WUDLQ DQG tions(2,3). b) k-space trajectory for the SAP-EPI sequence proposed in this work.
SHOOHU(3,LPSOHPHQWDWLRQDV
E  WKH SKDVH ¿HOGRIYLHZ Pentagrams denote the center
/$3(3, /RQJ$[LVUHDGRXW
)29 )RUVRPH¿HOGLQKR3URSHOOHU (3,  LQ WKLV ZRUN
PRJHQHLW\ ¨% U  WKH ORFDO GLVSODFHPHQWV LQ >P@  RI WKH REMHFW DUH
IRUFODULW\6WLOOWKHUHDOEHQH¿WRI/$3(3,LVQRWDSSDUHQWE\VFUXWLQL]JLYHQE\
LQJ(T7KHGLVWRUWLRQOHYHOSUHVHQWLQ/$3(3,LVLQIDFWLGHQWLFDOWRD
G
G
VWDQGDUGVV(3,VHTXHQFHVLQFHUHDGRXWUHVROXWLRQUHPDLQVXQFKDQJHG
d pe(r ) 
$B0 (r ) Tro FOV pe 
$B0 (r )$t roN ro FOV pe
2P
2P
EXWDSSHDUVDVDEOXUULQJHIIHFWLQVWHDGRIDVLPSOHGLVSODFHPHQWRIWKH
ZKHUH¨WURDQG¨WSHDUHWKHWLPHVEHWZHHQWZRFRQVHFXWLYHVDPREMHFWLQWKHSKDVHHQFRGLQJGLUHFWLRQ,QWKLVZRUNWKHSURSHOOHU(3,
SOLQJSRLQWVDQG7UR 1UR¨WURLVWKHUHDGRXWWLPHIRUDVLQJOHHFKR
DFTXLVLWLRQ LV UHGHVLJQHG LQ RUGHU WR UHGXFH WKH JHRPHWULF GLVWRUWLRQV
LQWKH(3,WUDLQ0XOWLVKRW(3,UHGXFHVWKHGLVWRUWLRQVLQWKHSHGLZLWKRXWUHOLQTXLVKLQJLWVDGYDQWDJHV:HGRWKLVE\GHFUHDVLQJWKHHFKR
UHFWLRQ VLQFH )29SH SHU VKRW LV UHGXFHG 8QIRUWXQDWHO\ GHVSLWH WKH
VSDFLQJE\RULHQWLQJWKHUHDGRXWDORQJWRWKHVKRUWD[LVRIHDFKEODGH
XVHRI'QDYLJDWRUVVKRWWRVKRWSKDVHHUURUVPD\EHLQGXFHGE\PRKHQFHQDPHG6$3(3, 6KRUW$[LVUHDGRXW3URSHOOHU(3, 7KHQHZN
WLRQGLIIXVLRQJUDGLHQWVLQ':(3,OHDGLQJWRJKRVWLQJ7RFRSHZLWK
VSDFHWUDMHFWRU\6$3(3,LVVKRZQLQ)LJE7KHORZUHVROXWLRQLQ

(NL+PMMLYLUJLZPU(MMLJ[P]L>VYRPUN4LTVY`!
7YLMYVU[HS*VU[YPI\[PVUZ[V[OL7VZP[P]P[`,MMLJ[PU6SKLY(K\S[Z
16:,7/(402,3:.9,.69@93(92057(;90*0((9,<;,9369,5A3(<9(3*(9:;,5:,5+,7(9;4,5;6-7:@*/636.@
HPRWLRQDOUHVSRQVHV HYRNHG E\ SRVLWLYH YHUVXV QHJDWLYH SLFWXUHV:H
IRXQGWKDWDODWHUDOUHJLRQRIWKHRUELWRIURQWDOFRUWH[ZDVPRUHDFWLYH
LQ\RXQJHUDGXOWVWKDQROGHUDGXOWVGXULQJWKHPDLQWHQDQFHRIQHJDWLYH
HPRWLRQVKRZHYHUGXULQJWKHPDLQWHQDQFHRISRVLWLYHHPRWLRQVWKLV
2)&UHJLRQZDVPRUHDFWLYHLQWKHROGWKDQLQWKH\RXQJ7KHUROHVRI
WKH SUHIURQWDO FRUWH[ DQG H[HFXWLYH IXQFWLRQ LQ DJHUHODWHG HPRWLRQDO
biases are discussed.

5HFHQW UHVHDUFK VXJJHVWV WKDW ZRUNLQJ PHPRU\ PD\ LQFOXGH DQ
affective subsystem that is hypothesized to maintain a representation of
HPRWLRQLQWKHDEVHQFHRILWVHOLFLWRU:KHUHDVDJLQJLVDVVRFLDWHGZLWK
ZHOOGRFXPHQWHGGHFOLQHLQ³FRJQLWLYH´ZRUNLQJPHPRU\³DIIHFWLYH´
ZRUNLQJPHPRU\DSSHDUVSUHVHUYHG0RUHRYHUROGHUDGXOWVKDYHEHHQ
shown to exhibit superior performance on an emotion maintenance task
ZKHQWKHPHPRUDQGDKDYHSRVLWLYHHPRWLRQDOYDOHQFHUHODWLYHWRQHJDWLYH ZKLOH WKHLU \RXQJHU FRXQWHUSDUWV VKRZ WKH FRQYHUVH7KH QHXUDO
implementation of this “positivity effect” in older adults remains unNQRZQ7KHODUJHUDP\JGDODUHVSRQVHWRSRVLWLYHFRPSDUHGWRQHJDWLYH
LPDJHVWKDWLVXQLTXHWRROGHUDGXOWVPD\FRQVWLWXWHRQHQHXUDOFRUUHODWH
RIWKHSRVLWLYLW\HIIHFW+RZHYHUUHFHQWEHKDYLRUDOHYLGHQFHLQGLFDWLQJ
WKDWWKHSRVLWLYLW\HIIHFWUHTXLUHVH[HFXWLYHFRQWUROVXJJHVWVWKDWWKHSUHIURQWDOFRUWH[PD\DOVRSOD\DUROH7KHFXUUHQWVWXG\XVHGHYHQWUHODWHG
I05,WRH[DPLQHDJHUHODWHGFKDQJHVLQDIIHFWLYHZRUNLQJPHPRU\IRU

9,-,9,5*,:-<5+05.:6<9*,
0LNHOV-$/DUNLQ*55HXWHU/RUHQ]3$ &DUVWHQVHQ//
$JHGLIIHUHQFHVLQDIIHFWLYHZRUNLQJPHPRU\3UHIURQWDOFRQWULEXWLRQVWR
WKHSRVLWLYLW\HIIHFWLQROGHUDGXOWV3RVWHUSUHVHQWHGDWWKH0HHWLQJRIWKH
&RJQLWLYH1HXURVFLHQFH6RFLHW\6DQ)UDQFLVFR&$
7KLVSURMHFWZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHRQ$JLQJUHVHDUFKJUDQWV
$*WR//&DQG$*WR3$5/DQG5XWK/.LUVFKVWHLQ1DWLRQDO
5HVHDUFK6HUYLFH$ZDUG$*WR-$0
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(U(\KP[VY`7LYJLW[\HS(WWYVHJO[V*VNUP[P]L;YHPUPUNPU4*0
(33@:65*96:,515(;(:/(),3-69330:(:<.0<9(16,329(4,93(5;/65@+>(.5,916/5+.()90,304
+,7(9;4,5;:6-17:@*/0(;9@(5+7:@*/636.@:;(5-69+<50=,9:0;@3<50=,9:0;@6-:(5-9(5*0:*6"
4
+,7(9;4,5;6-)9(05(5+*6.50;0=,:*0,5*,:40;)6:;654(::
7KHFRQWUROJURXSHYLGHQFHGDGHFOLQHLQ
7KHUH KDYH EHHQ VHYHUDO ODUJH VWXGPHPRU\ IXQFWLRQLQJ DYHUDJH FKDQJH 
LHV GHPRQVWUDWLQJ WKDW ROGHU DGXOWV ZKR
 SRLQWV  ZKHUHDV WKH WUHDWPHQW JURXS
DUH LQYROYHG LQ FRJQLWLYHO\ VWLPXODWGHPRQVWUDWHG D VOLJKW LQFUHDVH LQ SHULQJ DFWLYLWLHV DUH OHVV OLNHO\ WR GHYHORS
IRUPDQFH DYHUDJHFKDQJH SRLQWV 
Alzheimer’s disease than older adults who
Preliminary fMRI results from 12 older
DUH OHVV DFWLYH FRJQLWLYHO\  7KLV VWXG\
adults (6 controls, 6 experimental) were
represents a pilot randomized clinical
notable for stability in activation in an
WULDOWKDWWHVWHGDQRYHOFRJQLWLYHWUDLQLQJ
DXGLWRU\ PHPRU\ WDVN FRPSDULQJ QRYHO
SDUDGLJPLQROGHUDGXOWVZLWKPLOGFRJQLto repeated auditory words for the experWLYH LPSDLUPHQW 0&,  XVLQJ IXQFWLRQDO
LPHQWDO JURXS RYHU WKH  PRQWK SHULRG
MRI to characterize the neural substrates
RIWKHWUDLQLQJ,QFRQWUDVWWKHFRQWURO
RIFKDQJHLQSHUIRUPDQFH7KLVWUDLQLQJ
JURXSSDUWLFLSDQWVGHPRQVWUDWHGGHFOLQH
SURJUDPH[HUFLVHVDXGLWRU\DQGODQJXDJH
LQ UHJLRQV SUHYLRXVO\ GHPRQVWUDWHG WR
V\VWHPV LQ ZD\V GHVLJQHG WR VWUHQJWKHQ
GLIIHUDPRQJQRUPDOROGHUDGXOWV0&,
the representational salience of speech
and patients with Alzheimer’s Disease,
LQSXWLPSURYHVLJQDOWRQRLVHUDWLRVDQG
This image displays regions that declined over the 2 months
drive neuromodulatory systems that con- during the control condition (p<.001, uncorrected, extent threshold QRWDEO\ SDULHWDO DQG IURQWDO UHJLRQV
WUROOHDUQLQJDQGPHPRU\7UHDWPHQWDQG YR[HOV 7KHUHZDVQRWDVLJQL¿FDQWGHFOLQHIRUWKHH[SHULPHQWDO 7KLV VWXG\ LV SUHOLPLQDU\ YDOLGDWLRQ RI
condition.
DQ I05, SDUDGLJP DV DQ RXWFRPH PHDDFWLYHFRQWUROJURXSVWUDLQHGRQDFRPSXWVXUHIRUFOLQLFDOWULDOVLQYROYLQJFRJQLWLYH
HU IRU  PLQXWHVGD\  GD\VZHHN 7KH
WUDLQLQJLQROGHUDGXOWVDWULVNIRUGHPHQWLD
5HSHDWDEOH %DWWHU\ RI$VVHVVPHQW RI 1HXURSV\FKRORJLFDO 6WDWXV ZDV
DGPLQLVWHUHGSUHDQGSRVWWUDLQLQJ7KLVPHDVXUHZDVGLVVLPLODUWRWKH
WUDLQLQJH[HUFLVHV7KHWUHDWPHQWGHPRQVWUDWHGDWUHQGWRZDUGJURXS
9,-,9,5*,:-<5+05.:6<9*,
GLIIHUHQFHVRQWKH$XGLWRU\0HPRU\LQGH[RIWKH5%$16 S 
3RVLW6FLHQFH&RUSRUDWLRQ1DWLRQDO,QVWLWXWHRI$JLQJ .$*

([[LU[PVU+LWLUKLU[4VK\SH[PVUVM4LKPHS;LTWVYHS3VIL,UJVKPUN7YVJLZZLZ
50*63,4+<+<26=0*(30:65979,:;651,94(05,1(9*/0, (5;/65@+>(.5,9+,7(9;4,5;6-7:@*/636.@
*RDOGLUHFWHGDWWHQWLRQKDVEHHQVKRZQWRPRGXODWHDFWLYDWLRQLQ
ODWHUDO FRUWLFDO UHJLRQV NQRZQ WR SURFHVV IDFHV IXVLIRUP FRUWH[  DQG
scenes (parahippocampal cortex), but an open question is whether these
HIIHFWVSURSDJDWHDORQJWKHPHGLDOWHPSRUDOOREH 07/ FLUFXLW7KH
SUHVHQWVWXG\LQYHVWLJDWHGKRZVHOHFWLYHDWWHQWLRQPRGXODWHVVWLPXOXV
VSHFL¿FHQFRGLQJSURFHVVHVLQ07/FRUWH[DQGWKHKLSSRFDPSXVLQFOXGLQJKRZDWWHQWLRQLPSDFWV07/UHVSRQVHVWKDWSUHGLFWVXEVHTXHQW
PHPRU\   +LJKUHVROXWLRQ IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ
I05,  RI WKH KXPDQ 07/ ZDV FRQGXFWHG RQ D  7HVOD *( 6LJQD
VFDQQHUDWWKH/XFDV&HQWHUZKLOHSDUWLFLSDQWVDWWHQGHGLJQRUHGRU
SDVVLYHO\YLHZHGIDFHDQGVFHQHVWLPXOL(DFKWULDOFRQVLVWHGRIIRXU
VHTXHQWLDOO\ SUHVHQWHG LPDJHV WZR IDFHV DQG WZR VFHQHV DQG SDUWLFLSDQWV ZHUH LQVWUXFWHG WR   5HPHPEHU )DFHV DQG ,JQRUH 6FHQHV  
5HPHPEHU6FHQHVDQG,JQRUH)DFHVRU 3DVVLYHO\9LHZERWK)DFHV
DQG6FHQHV *D]]DOH\HWDO $IWHUDEULHIGHOD\HLWKHUDSUREH
stimulus appeared and participants indicated whether it was in the curUHQWPHPRU\VHW 5HPHPEHU)DFHV5HPHPEHU6FHQHVFRQGLWLRQV RU
an arrow appeared and participants indicated the direction it pointed
3DVVLYH 9LHZ FRQGLWLRQ  $ VXUSULVH SRVWVFDQ UHFRJQLWLRQ PHPRU\

WHVWUHYHDOHGWKDWSDUWLFLSDQWVZHUHPRUHDFFXUDWHDQGKDGKLJKHUFRQ¿GHQFH LQ WKHLU PHPRU\ MXGJPHQWV IRU VWLPXOL WKDW ZHUH DWWHQGHG DV
RSSRVHGWRWKRVHWKDWZHUHLJQRUHGRUSDVVLYHO\YLHZHG$QDWRPLFDO
DQGIXQFWLRQDOUHJLRQRILQWHUHVW 52, DQDO\VHVGLIIHUHQWLDWHGEHWZHHQ
LQGLYLGXDO07/VXEUHJLRQVDQGGHPRQVWUDWHGWKDWJRDOGLUHFWHGDWWHQWLRQPRGXODWHVHQFRGLQJDFWLYDWLRQLQSHULUKLQDOFRUWH[ IRUIDFHV DQG
SDUDKLSSRFDPSDO FRUWH[ IRU VFHQHV  DQG WKDW WKHVH HIIHFWV SURSDJDWH
LQWR KLSSRFDPSDO VXE¿HOGV  ,Q DGGLWLRQ DWWHQWLRQGHSHQGHQW VXEVHTXHQWPHPRU\HIIHFWVZHUHREVHUYHGZLWKLQ07/VXEUHJLRQVVXJJHVWLQJWKDWDWWHQWLRQLVFULWLFDOIRUWKHHQFRGLQJUHVSRQVHVWKDWJLYHULVHWR
ODWHUPHPRU\:HDUHFXUUHQWO\¿QLVKLQJGDWDFROOHFWLRQDQGZRUNLQJ
RQIXUWKHUDQDO\VHV7KHUHVXOWVZLOOEHSUHVHQWHGDWDVFLHQWL¿FPHHWLQJLQ2FWREHUDQGZLOOEHZULWWHQXSIRUSXEOLFDWLRQLQDSHHUUHYLHZHG
VFLHQWL¿FMRXUQDOLQWKHIDOO

9,-,9,5*,:-<5+05.:6<9*,
'XGXNRYLF103UHVWRQ$5$UFKLH-- :DJQHU$'  
$WWHQWLRQ'HSHQGHQW0RGXODWLRQRI0HGLDO7HPSRUDO/REH(QFRGLQJ
Processes. Society for Neuroscience Abstracts.
)XQGLQJVRXUFHV±1DWLRQDO6FLHQFH)RXQGDWLRQ %&6 1$56$'
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9LZ[YPJ[LK-PLSKVM=PL^0THNPUNMVY-L[HSM490MM490
3(<9(70:(50963(5+)(44,9,902(9<),:6=(90*/(9+)(9;/.(9@.36=,9+,7(9;4,5;6-9(+0636.@
:HSUHVHQWDUHVWULFWHG¿HOGRIYLHZ U)29 VHTXHQFHGHVLJQHGIRU
IHWDO IXQFWLRQDO 05, II05,  7ZRGLPHQVLRQDO VHOHFWLYH RXWHU YROXPHVXSSUHVVLRQ 296 DOORZVU)29LPDJLQJZLWKRXWDOLDVLQJRIVLJnal from the maternal abdomen. We compare the performances of conventional spiral and rFOV pulse sequences for functional MRI (fMRI)
RI WKH IHWDO EUDLQ 3UHOLPLQDU\ DFWLYDWLRQ PHDVXUHPHQWV IURP R[\JHQ
modulation are reported.

)I05, PD\ EH D XVHIXO FRPSRQHQW LQ GLIIHUHQWLDWLQJ EHWZHHQQRUPDODQGFRPSURPLVHGIHWDOZHOOEHLQJLQSUHJQDQFLHVDWULVN
IRULQWUDXWHULQHJURZWKUHVWULFWLRQ ,8*5 'HVSLWHWKHUHODWLYHO\VPDOO
IHWDO KHDG FRQYHQWLRQDO SXOVH VHTXHQFHV UHTXLUH ORQJ UHDGRXWV IRU D
¿HOGRIYLHZ )29 WKDWHQFRPSDVVHVWKHPDWHUQDODEGRPHQLQRUGHUWR
DYRLGDOLDVLQJ7KHU)29VHTXHQFHDOORZVWUDGHRIIVEHWZHHQVKRUWHQLQJWKHUHDGRXWWUDMHFWRU\DQGORZHULQJJUDGLHQWVOHZUDWHVIRUTXLHWHU
VFDQQLQJDQGLQFUHDVHG6156KRUWHQLQJWKHUHDGRXWUHGXFHVDUWLIDFWV
DULVLQJIURPIHWDOPRWLRQRIIUHVRQDQFHVSLQVDQG7 GHFD\LQVSLUDO
LPDJLQJ

:H KDYH GHVLJQHG DQG LPSOHPHQWHG DQ 296 SUHSDUDWLRQ
PRGXOHZLWKDJUDGLHQWHFKR *5( VHTXHQFHVRWKDWZHFDQUHVWULFWWKH
UHDGRXW)29:HORZHUWKHJUDGLHQWVOHZUDWHRIWKHSXOVHVHTXHQFH

LQRUGHUWRLQFUHDVHWKHVLJQDOWRQRLVHUDWLRDQGWRUHGXFHWKHDFRXVWLFQRLVH:HXVHDFKDQQHOFDUGLDFUHFHLYHUFRLODUUD\RQD7*(
scanner, and retrospectively exclude coils from reconstruction if they
LQWURGXFH XQVDWXUDWHG VLJQDO IURP WKH PDWHUQDO DEGRPHQ DQG GR QRW
FRQWULEXWHVLJQL¿FDQWVLJQDOIURPWKHIHWDOKHDG,PDJLQJSHUIRUPDQFH
LVFRPSDUHGZLWKDFRQYHQWLRQDOIXOO)29*5(VHTXHQFH VHH)LJXUH
$DQG% 6L[VXEMHFWVEHWZHHQZDQGZSUHJQDQWKDYHEHHQUHcruited for this study. FMRI studies were performed with a) an audiWRU\ VWLPXOXV DQG E  R[\JHQ PRGXODWLRQ 7KH DXGLWRU\ VWLPXOXV FRQVLVWVRIVEORFNVDOWHUQDWLQJEHWZHHQVLOHQFHDQGWKH0R]DUW³:LQG
6HUHQDGH´DGPLQLVWHUHGE\SODFLQJKHDGSKRQHVRQWKHPDWHUQDODEGRPHQ7KHR[\JHQPRGXODWLRQVWLPXOXVFRQVLVWVRIPLQEORFNVDOWHUQDWLQJEHWZHHQPDWHUQDOEUHDWKLQJRIR[\JHQRUURRPDLUWKURXJKDQDVDO
FDQQXOD$FWLYDWLRQPDSVDFTXLUHGZLWKWKHU)29VHTXHQFH )LJXUH& 
VKRZVLJQL¿FDQWQHJDWLYHFRUUHODWLRQZLWKWKHR[\JHQVWLPXOXV
(cc < -.2).

)XWXUHZRUNZLOOLQFOXGHII05,RIR[\JHQPRGXODWLRQVWLPulus in the liver, placenta and other extracranial sites in the fetus. We
ZLOODOVRLPSOHPHQWDYLVXDOVWLPXOXVDOWHUQDWLQJVEORFNVRIDVORZO\
ÀDVKLQJOLJKW WKURXJKWKHDEGRPLQDOZDOO RUQROLJKW

;OL.LVTL[Y`-HJ[VYHZH*YHTtY9HV)V\UKMVY4HNUP[\KLHUK7OHZL
(5.,39705,+(*(3=05+3,>963(5+)(44,9+,7(9;4,5;6-9(+0636.@
for a 2x acceleration acquired
,Q 6(16( LPDJLQJ
RQ D *( 6LJQD 7 VFDQQHU
aliased data from multiple
WR FRPSXWH ERWK WKH JIDFcoils is used to estimate the
WRU DQG WKH QRUPDOL]HG &5%
unaliased components of the
IRUWKHPDJQLWXGHDQGSKDVH
LPDJH 1RLVH SURSDJDWLRQ
7KH ¿JXUH VKRZV WKH DOLDVIURPWKHDOLDVHGFRLOLPDJHV
LQJ ZKLFK LV EHLQJ UHPRYHG
into the complex reconstructby the reconstruction proHG LPDJHV LV W\SLFDOO\ TXDQFHVV WKH JIDFWRU PDS DQG
WL¿HG E\ WKH JHRPHWU\ IDFthe square root of the noise
WRU JIDFWRU  7KH JHRPHWU\
HI¿FLHQF\ IRU PDJQLWXGH DQG
IDFWRU LQ 6(16( JLYHV WKH
phase. In our numerical exratio of the noise of the reThe reconstruction from a single coil showing the areas where the signal aliasing needs to be
FRQVWUXFWHG FRPSOH[ LPDJH removed by SENSE. B) The normalized version of the CRB for magnitude and phase as well as periments, these three quantities were the same. Hence,
obtained from the full acqui- the g-factor map. In our experiments, all these quantities where the same.
the minimum variance of the
sition over that of the accelPDJQLWXGHDQGSKDVHRIWKHUHFRQVWUXFWHGLPDJHVDUHPLQLPL]HGZKHQ
erated acquisition. Phase estimation is important for applications like
WKHJHRPHWU\IDFWRULVPLQLPL]HG7KHQXPHULFDOUHVXOWVVKRZQVXJJHVW
ÀRZTXDQWLWDWLRQEXWWKHQRLVHLQWKHSKDVHLQSDUDOOHOLPDJLQJKDVQRW
DQ DOWHUQDWLYH LQWHUSUHWDWLRQ RI WKH JIDFWRU DV D QRUPDOL]HG &5% IRU
EHHQFKDUDFWHUL]HGLQWKHVDPHZD\DVWKHPDJQLWXGHLQSDUWEHFDXVH
ERWKPDJQLWXGHDQGSKDVH$QDQDO\WLFVROXWLRQDQGH[WHQVLRQWRVHQVLWKHSKDVHLVDQRQOLQHDUSDUDPHWHURIWKHPHDVXUHPHQWV7KHREMHFWLYH
tivity maps with errors are the focus of our future work.
RIWKLVDEVWUDFWLVWRDQDO\]HWKHQRLVHDPSOL¿FDWLRQIRUWKHSKDVHDQG
WRPDNHDFRQQHFWLRQEHWZHHQWKHJIDFWRUDQGWKH&UDPpU5DRERXQG
&5% :H UHFDVW 6(16( LQ WHUPV RI WKH PDJQLWXGH DQG SKDVH7KH
9,-,9,5*,:-<5+05.:6<9*,
&5%FDQEHFRPSXWHGWRSURYLGHWKHPLQLPXPYDULDQFHRIWKHPDJ$3UHVHQWHGDW,60506HDWWOH
1,+JUDQW3555LFKDUG0/XFDV)RXQGDWLRQ*(+HDOWKFDUH
nitude and phase. We used a sensitivity map from a 4 coil acquisition
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How are abstract ideas
implemented in neural circuits?
We address this question in the
domain of visual motion. Our
hypothesis is that circuits used
IRU SURFHVVLQJ YLVXDO PRWLRQ DUH
UHXVHGIRUSURFHVVLQJPRWLRQWKDW
is not physically present, but is
LQVWHDG HLWKHU LPDJLQHG LQIHUUHG
from photos, or represented in
words. Prior work in our lab has
VKRZQ WKDW PHQWDO LPDJHU\ RI
motion produced a motion aftereffect on real motion test probes
VXFK WKDW DIWHU LPDJLQLQJ XSward motion a neutral stimulus
An example of an implied motion stimulus.
more likely appeared to move
GRZQZDUGV  DQG WKDW WKH OLNHOLKRRG RI REVHUYLQJ WKH DIWHUHIIHFW ZDV
dependent on the level of prior activation of motion-sensitive visual arHDVLQFOXGLQJK07/LNHZLVHZHKDYHVKRZQWKDWYLHZLQJVHTXHQFHV
RI LPSOLHG PRWLRQ SKRWRV HJ VHH ¿JXUH  DOVR OHDGV WR D PRWLRQDItereffect, measured behaviorally in our lab. Is this due to adaptation
RI GLUHFWLRQ VHOHFWLYH FLUFXLWV LQ K07" :H DUH FXUUHQWO\ DGGUHVVLQJ
WKLV TXHVWLRQ XVLQJ I05,DGDSWDWLRQ :H ¿UVW LGHQWLI\ UHJLRQV RI LQWHUHVWLQYLVXDOFRUWH[VHQVLWLYHWRPRWLRQWKURXJKWKHXVHRIVWDQGDUG
motion localizers. We then test whether there is direction selective ad-

DSWDWLRQWRLPSOLHGPRWLRQLQWKHUHJLRQV
RILQWHUHVWE\FRPSDULQJWKHDPRXQWRI
DFWLYDWLRQGXULQJEORFNVLQZKLFKWKHGLUHFWLRQRIPRWLRQYDULHV OHIWDQGULJKW 
versus blocks in which it is constant (left
RQO\RUULJKWRQO\ :HSUHGLFWWKDWMXVW
DVZLWKUHDOPRWLRQSURORQJHGYLHZLQJ
of implied motion in the same direction
will lead to adaptation and thus a reduced
UHVSRQVHZKHUHDVDOWHUQDWLQJGLUHFWLRQV
of implied motion will prevent adaptation. Such a result, if obtained, would
VXJJHVWWKDWWKHLQWHUSUHWDWLRQRIPRWLRQ
we ascribe to a picture is scaffolded, at
least in part, on mechanisms also used
IRU DQDO\]LQJ UHDO PRWLRQ :H WKXV IDU
have obtained behavioral data on afterefIHFWVIURPLPSOLHGPRWLRQDQGDUHQRZSLORWLQJWKHI05,H[SHULPHQWV
Subsequent studies will examine whether spoken sentences that utilize
motion words, whether literally or metaphorically, also activate motionVHQVLWLYHEUDLQDUHDV7RJHWKHUZHEHOLHYHWKHVHUHVXOWVZLOOSURYLGHDQ
LPSRUWDQWVWHSLQH[SODLQLQJKRZFRQFHSWXDONQRZOHGJHLVJURXQGHGLQ
more concrete perceptual mechanisms.

9,-,9,5*,:-<5+05.:6<9*,
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/PNO9LZVS\[PVU0THNPUN9L]LHSZ/PNOS`:LSLJ[P]L5VUMHJL*S\Z[LYZPU[OL-\ZPMVYT-HJL(YLH
2(3(50;.9033:7,*;691,969@:(@9,:(5++(=0+9,::31+,7;6-7:@*/636.@5,<96:*0,5*,05:;0;<;,
3
)96>5<50=,9:0;@
JHQHRXV ¿QHJUDLQ VWUXFWXUH
)LJ /RFDOL]HGFOXVWHUVLQ
WKH ))$ DUH KLJKO\ VHOHFWLYH
WR VSHFL¿F FDWHJRULHV LQFOXGLQJ QRQIDFH REMHFWV VXFK DV
cars and abstract sculptures,
)LJ DQGIDFHVHOHFWLYHDFWLvations within the FFA are not
VSDWLDOO\FRQWLJXRXV2YHUDOO
we found a preponderance of face-selective responses in the FFA, but
no difference in selectivity to faces compared to nonfaces.
7KXV VWDQGDUG I05, RI WKH ))$ UHÀHFWV DYHUDJLQJ RI KHWHURJHQHRXVKLJKO\VHOHFWLYHQHXUDOSRSXODWLRQVRIGLIIHULQJVL]HVUDWKHUWKDQ
KLJKHUVHOHFWLYLW\WRIDFHV7KHVHUHVXOWVFKDOOHQJHWKHQRWLRQWKDWWKH
))$ DV PHDVXUHG ZLWK VWDQGDUG I05,  LV D GRPDLQVSHFL¿F PRGXOH
IRUSURFHVVLQJIDFHV2YHUDOORXUDSSURDFKSURYLGHVDIUDPHZRUNIRU
XQGHUVWDQGLQJWKH¿QHVFDOHVWUXFWXUHRIQHXUDOUHSUHVHQWDWLRQVLQWKH
human brain.

$ UHJLRQ LQ YHQWUDO KXman cortex (fusiform face
DUHD))$ WKRXJKWWREHLPportant for face perception,
UHVSRQGV VWURQJO\ WR IDFHV
and less to nonface objects.
7KLVSDWWHUQRIUHVSRQVHPD\
UHÀHFW D XQLIRUP IDFHVHOHFtive neural population or acWLYLW\ DYHUDJHG DFURVV SRSXODWLRQV ZLWK KHWHURJHQHRXV VHOHFWLYLW\ 7R
GLVWLQJXLVKEHWZHHQWKHVHK\SRWKHVHVRI))$IXQFWLRQZHGHWHUPLQHG
WKH¿QHJUDLQIXQFWLRQDORUJDQL]DWLRQRIWKH))$XVLQJKLJKUHVROXWLRQ
IXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJ +5I05,YR[HOVRI[[ 
)LYH VXEMHFWV ZHUH VFDQQHG LQ D 7 VFDQQHU DW +5I05, ZLWK D
surface coil while they viewed blocks of faces and objects (animals,
cars, and abstract sculptures) that alternated with scrambled versions
RIWKHVHVWLPXOL7KHH[SHULPHQWZDVUHSHDWHGHLJKWWLPHVXVLQJGLIIHUHQWLPDJHVDQGEORFNRUGHUV7RFRPSDUH+5I05,WRSUHYLRXVUHVXOWV
VXEMHFWVUHSHDWHGWKHH[SHULPHQWXVLQJ65I05,:HGH¿QHGWKH))$
XVLQJ65I05, YR[HOVRI[[PP DQGWKHQH[DPLQHGWKHSURSHUWLHVRIWKLVUHJLRQXVLQJ+5I05,:HIRXQGWKDWWKH))$KDVKHWHUR-

9,-,9,5*,:-<5+05.:6<9*,
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)RXQGDWLRQ 5(6 JUDQWVWR.*6
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:L_+PMMLYLUJLZPU)YHPU(J[P]H[PVU,SPJP[LKI`/\TVY
,04(5(A04+,(546)):)660316=056+4,5651,3(33(539,0::+,7(9;4,5;6-7:@*/0(;9@ ),/(=069(3
:*0,5*,:*,5;,9-6905;,9+0:*07305(9@)9(05:*0,5*,:9,:,(9*/(5+3796.9(4055,<96:*0,5*,
:;(5-69+<50=,9:0;@:*/6636-4,+0*05,
this study are independent of any
measured between-sex behaviorDOGLIIHUHQFHV(TXLYDOHQWVXEMHFtive amusement seems to recruit
GLYHUJHQW SURFHVVLQJ VWUDWHJLHV
that manifest equivalent behavLRU LQGLFDWLQJ HLWKHU WKDW WKHVH
GLIIHUHQFHV LQ QHXUDO SURFHVVLQJ
appear without behavioral correlate, or that our behavioral assays
are insensitive to more subtle dissimilarities.
$V I05, DQDO\VLV RI KXPRU SURJUHVVHV H[DPLQDWLRQ RI WKH UROH
RI VSHFL¿F EUDLQ UHJLRQV FDQ HOXFLGDWH KRZ WKH FRPSRQHQWV RI WKHVH
QHWZRUNVLQWHUDFWDQGIXQFWLRQDOO\FRQQHFWIXUWKHUUHYHDOLQJWKHQHXURDQDWRPLFDOFRUUHODWHVRIFRJQLWLRQHPRWLRQDQGVHQVHRIKXPRU
%2/'VLJQDODFWLYDWLRQIRUIXQQ\XQIXQQ\FDUWRRQV&RPSDUHGWR
PDOHVIHPDOHVH[KLELWJUHDWHUDFWLYDWLRQRIWKHGRUVRODWHUDOSUHIURQWDO
FRUWH[DVZHOODVVXEFRUWLFDOGRSDPLQHUJLFUHZDUGUHJLRQVLQFOXGLQJ
the nucleus accumbens.

:LWKUHFHQWLQYHVWLJDWLRQEHJLQQLQJWRUHYHDOWKHFRUWLFDODQG
subcortical neuroanatomical correlates of humor appreciation, the
present event-related functional
05, I05,  VWXG\ ZDV GHVLJQHG
WR HOXFLGDWH VH[VSHFL¿F UHFUXLWment of these humor related netZRUNV 7ZHQW\ KHDOWK\ VXEMHFWV
IHPDOH XQGHUZHQWI05,scanQLQJZKLOHVXEMHFWLYHO\UDWLQJYHUEDODQGQRQYHUEDODFKURPDWLFFDUWRRQV
as funny or unfunny. Males and females were found to share an extensive
KXPRUUHVSRQVHVWUDWHJ\DVLQGLFDWHGE\UHFUXLWPHQWRIVLPLODUEUDLQUHJLRQV
both activate the temporal-occipital junction and temporal pole, structures
LPSOLFDWHGLQVHPDQWLFNQRZOHGJHDQGMX[WDSRVLWLRQDQGWKHLQIHULRUIURQWDO
J\UXVOLNHO\WREHLQYROYHGLQODQJXDJHSURFHVVLQJ)HPDOHVKRZHYHUDFWLYDWHWKHOHIWSUHIURQWDOFRUWH[PRUHWKDQPDOHVVXJJHVWLQJDJUHDWHUGHJUHH
RIH[HFXWLYHSURFHVVLQJDQGODQJXDJHEDVHGGHFRGLQJ)HPDOHVDOVRH[KLELW
JUHDWHUDFWLYDWLRQRIPHVROLPELFUHJLRQVLQFOXGLQJWKHQXFOHXVDFFXPEHQV
LPSO\LQJJUHDWHUUHZDUGQHWZRUNUHVSRQVHDQGSRVVLEO\OHVVUHZDUGH[SHFWDWLRQ7KHVHUHVXOWVLQGLFDWHVH[VSHFL¿FGLIIHUHQFHVLQQHXUDOUHVSRQVHWR
KXPRUZLWKLPSOLFDWLRQVIRUVH[EDVHGGLVSDULWLHVLQWKHLQWHJUDWLRQRIFRJQLtion and emotion.
In summary, this study utilizes a fundamental human characteristic
WR XQFRYHU RYHUODSSLQJ DQG GLYHUJHQW QHXUDO FRUUHODWHV RI KLJKRUGHU
SURFHVVLQJ,PSRUWDQWO\WKHGLIIHUHQFHVLQQHXUDODFWLYLW\REVHUYHGLQ

9,-,9,5*,:-<5+05.:6<9*,
$]LP(0REEV'-R%0HQRQ95HLVV$/6H[GLIIHUHQFHVLQEUDLQ
DFWLYDWLRQHOLFLWHGE\KXPRU3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHV
  
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQWV0+ WR
$/5 DQG+' WR90 DQGD+RZDUG+XJKHV6XPPHU)HOORZVKLS
IURPWKH'HSDUWPHQWRI%LRORJLFDO6FLHQFHVDW6WDQIRUG8QLYHUVLW\ WR($

(YP[OTL[PJ(IPSP[`HUK7HYPL[HS(S[LYH[PVUZ!(+PMM\ZPVU;LUZVY0THNPUN:[\K`
PU=LSVJHYKPVMHJPHS:`UKYVTL
5((4()(95,(.69(3@1:;,7/(5,30,A=056+4,5651,3963(5+)(44,94(33(539,0::11+,7(9;4,5;6-7:@*/0(;9@
),/(=069(3:*0,5*,::;(5-69+<50=,9:0;@:*/6636-4,+0*05,+0=6-*/03+(5+(+63,:*,5;7:@*/0(;9@.,5,=(
<50=,9:0;@:*/6636-4,+0*05,3796.9(4055,<96:*0,5*,:;(5-69+<50=,9:0;@:*/6636-4,+0*05,
4
3<*(:49:0*,5;,9+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
9HORFDUGLRIDFLDO V\QGURPH 9&)6  LV D FRQJHQLWDO DQRPDO\ WKDW
FDXVHV VRPDWLF DV ZHOO DV FRJQLWLYH DQG SV\FKLDWULF LPSDLUPHQWV
Previous studies have found specific deficits in arithmetic abilities
LQ VXEMHFWV ZLWK 9&)6 ,Q WKLV VWXG\ ZH LQYHVWLJDWHG ZKHWKHU
abnormalities in white matter pathways are correlated with reduced
DULWKPHWLFDELOLW\1LQHWHHQLQGLYLGXDOVZLWK9&)6DJHG±\HDUV
UHFHLYHG GLIIXVLRQZHLJKWHG PDJQHWLF UHVRQDQFH LPDJLQJ 05, 
VFDQV$ OLQHDU UHJUHVVLRQ PRGHO ZDV XVHG WR FRUUHODWH IUDFWLRQDO
anisotropy (FA) values with scores of the arithmetic subscale on a
VWDQGDUGL]HG FRJQLWLYH DVVHVVPHQW :,6&:$,6  RQ D YR[HOE\
YR[HO EDVLV DIWHU FRYDU\LQJ IRU DQ\ ,4 DQG DJHUHODWHG HIIHFWV
7KHUHZDVDVWDWLVWLFDOO\VLJQLILFDQWSRVLWLYHFRUUHODWLRQEHWZHHQWKH
DULWKPHWLFVFRUHRQWKH:,6&:$,6DQG)$YDOXHVLQZKLWHPDWWHU
WUDFWV DGMDFHQW WR WKH OHIW VXSUDPDUJLQDO DQG DQJXODU J\UL DV ZHOO
DV DORQJ WKH OHIW LQWUDSDULHWDO VXOFXV ,QIHULRU SDULHWDO OREH ZKLWH
matter structural aberrations may contribute to reduced arithmetic
DELOLW\LQ9&)6
2XU ILQGLQJV KLJKOLJKW SRWHQWLDO FRJQLWLYH LPSOLFDWLRQV RI
ZKLWH PDWWHU DEHUUDWLRQV LQ 9&)6 8QGHUVWDQGLQJ ELRORJLFDO IDFWRUVXQGHUO\LQJFRJQLWLYHGHILFLWVSURYLGHVSRWHQWLDOIRULPSURYLQJ
effectiveness of future assessment and intervention with children
DQGDGROHVFHQWVDIIHFWHGE\9&)6

9R[HOV WKDW VKRZHG VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ )$ YDOXHV DQG WKH :,6&
WAIS arithmetic subscale score. Sagittal view.

9,-,9,5*,:-<5+05.:6<9*,
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%DUQHD*RUDO\1(OLH]60HQRQ9%DPPHU55HLVV$/$ULWKPHWLFDELOLW\
DQGSDULHWDODOWHUDWLRQVDGLIIXVLRQWHQVRULPDJLQJVWXG\LQYHORFDUGLRIDFLDO
syndrome.
&RJQLWLYH%UDLQ5HVHDUFK  
7KLVZRUNZDVVXSSRUWHGE\WKH6LQFODLU7UDLQLQJ1HXURLPDJLQJ)XQGDQGLQ
SDUWE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQWV0+0++'
(%+'+'DQGWKH&HQWHUIRU$GYDQFHG057HFKQRORJ\
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>OP[L4H[[LY+L]LSVWTLU[+\YPUN*OPSKOVVKHUK(KVSLZJLUJL!
(*YVZZZLJ[PVUHS+PMM\ZPVU;LUZVY0THNPUN:[\K`
5((4()(95,(.69(3@=056+4,5654(92,*2,9;3,(55,;(44963(5+)(44,9(:@(2(9*/,4:20@
*/90:;67/,9+(5;(33(539,0::+,7(9;4,5;6-7:@*/0(;9@ ),/(=069(3:*0,5*,:796.9(4055,<96:*0,5*,
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/6:70;(36-69(5.,*6<5;@3<*(:49:0*,5;,9+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
DSRVWKRFDQDO\VLVZDVSHUIRUPHGWRLQYHVWLJDWHZKLWHPDWWHUGHQVLW\
FKDQJHV:LWKLQFUHDVLQJDJH)$YDOXHVLQFUHDVHGLQSUHIURQWDOUHJLRQV
LQWKHLQWHUQDOFDSVXOHDVZHOODVLQEDVDOJDQJOLDDQGWKDODPLFSDWKZD\V
WKH YHQWUDO YLVXDO SDWKZD\V DQG WKH FRUSXV FDOORVXP 7KH SRVWHULRU
limb of the internal capsule, intrathalamic connections, and the corpus
FDOORVXP VKRZHG WKH PRVW VLJQL¿FDQW RYHUODSV EHWZHHQ ZKLWH PDWWHU
GHQVLW\DQG)$FKDQJHVZLWKDJH7KLVVWXG\GHPRQVWUDWHVWKDWGXULQJ
FKLOGKRRG DQG DGROHVFHQFH ZKLWH PDWWHU DQLVRWURS\ FKDQJHV LQ EUDLQ
UHJLRQVWKDWDUHLPSRUWDQWIRUDWWHQWLRQPRWRUVNLOOVFRJQLWLYHDELOLW\
DQGPHPRU\7KLVW\SLFDOGHYHORSPHQWDOWUDMHFWRU\PD\EHDOWHUHGLQ
LQGLYLGXDOVZLWKGLVRUGHUVRIGHYHORSPHQWFRJQLWLRQDQGEHKDYLRU
7KLVVWXG\SURYLGHVQHZHYLGHQFHRIVSDWLDODQGWHPSRUDOGHYHORSPHQWRIZKLWHPDWWHUWKURXJKRXWFKLOGKRRGDQGDGROHVFHQFH2XU¿QGLQJV VXJJHVW WKDW SDUWLFXODU KLVWRORJLFDO SKHQRPHQD XQGHUOLH WKLV GHYHORSPHQWRQDUHJLRQDOEDVLV6WXGLHVVXFKDVWKHVHZLOOEHKHOSIXOLQ
HYHQWXDOO\GHOLQHDWLQJKRZW\SLFDOGHYHORSPHQWDOWUDMHFWRU\LVDOWHUHG
LQLQGLYLGXDOVZLWKGLVRUGHUVRIGHYHORSPHQWFRJQLWLRQDQGEHKDYLRU

9R[HOVWKDWVKRZHGVLJQL¿FDQWFRUUHODWLRQEHWZHHQ)$YDOXHVDQGDJH D[LDOYLHZ 

Maturation of brain white matter pathways is an important facWRULQFRJQLWLYHEHKDYLRUDOHPRWLRQDODQGPRWRUGHYHORSPHQWGXULQJ
FKLOGKRRGDQGDGROHVFHQFH,QWKLVVWXG\ZHLQYHVWLJDWHZKLWHPDWWHU
PDWXUDWLRQDVUHÀHFWHGE\FKDQJHVLQDQLVRWURS\DQGZKLWHPDWWHUGHQVLW\ZLWKDJH7KLUW\IRXUFKLOGUHQDQGDGROHVFHQWVDJHG±\HDUVUHFHLYHGGLIIXVLRQZHLJKWHGPDJQHWLFUHVRQDQFHLPDJLQJVFDQV$PRQJ
WKHVH  FKLOGUHQ DQG DGROHVFHQWV DOVR UHFHLYHG KLJKUHVROXWLRQ 7
ZHLJKHGDQDWRPLFDOVFDQV$OLQHDUUHJUHVVLRQPRGHOZDVXVHGWRFRUUHODWHIUDFWLRQDODQLVRWURS\ )$ YDOXHVZLWKDJHRQDYR[HOE\YR[HO
EDVLV:LWKLQWKHUHJLRQVWKDWVKRZHGVLJQL¿FDQW)$FKDQJHVZLWKDJH

9,-,9,5*,:-<5+05.:6<9*,
%DUQHD*RUDO\10HQRQ9(FNHUW07DPP/%DPPHU5.DUFKHPVNL\
$'DQW&&5HLVV$/:KLWHPDWWHUGHYHORSPHQWGXULQJFKLOGKRRGDQG
DGROHVFHQFH$FURVVVHFWLRQDOGLIIXVLRQWHQVRULPDJLQJVWXG\&HUHEUDO&RUWH[
  

7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQWV
+'+'DQGWKH6LQFODLU7UDLQLQJ1HXURLPDJLQJ)XQG

5L\YVM\UJ[PVUHS+PMMLYLUJLZ(ZZVJPH[LK^P[O(YP[OTL[PJ7YVJLZZPUNPU;\YULY:`UKYVTL
:/,3302,:3,9=056+4,565(33(539,0::+,7(9;4,5;6-7:@*/0(;9@ ),/(=069(3:*0,5*,:
7XUQHUV\QGURPH 76 LVDQHXURJHQHWLFGLVRUGHUFKDUDFWHUL]HGE\
WKHDEVHQFHRIRQH;FKURPRVRPHLQDSKHQRW\SLFIHPDOH,QGLYLGXDOV
ZLWK76 DUH DW ULVN IRU LPSDLUPHQWV LQ PDWKHPDWLFV:H LQYHVWLJDWHG
WKHQHXUDOPHFKDQLVPVXQGHUO\LQJDULWKPHWLFSURFHVVLQJLQ76)LIWHHQ
VXEMHFWV ZLWK 76 DQG  DJHPDWFKHG W\SLFDOO\ GHYHORSLQJ FRQWUROV
ZHUHVFDQQHGXVLQJIXQFWLRQDO05,ZKLOHWKH\SHUIRUPHGHDV\ WZR
RSHUDQG  DQG GLI¿FXOW WKUHHRSHUDQG  YHUVLRQV RI DQ DULWKPHWLF SURFHVVLQJWDVN%RWKJURXSVDFWLYDWHGIURQWRSDULHWDOUHJLRQVLQYROYHGLQ
DULWKPHWLFSURFHVVLQJGXULQJWKHPDWKWDVNV&RPSDUHGZLWKFRQWUROV
WKH76JURXSUHFUXLWHGDGGLWLRQDOQHXUDOUHVRXUFHVLQIURQWDODQGSDULHWDOUHJLRQVGXULQJWKHHDVLHUWZRRSHUDQGPDWKWDVN'XULQJWKHPRUH
GLI¿FXOWWKUHHRSHUDQGWDVNLQGLYLGXDOVZLWK76GHPRQVWUDWHGVLJQL¿FDQWO\OHVVDFWLYDWLRQLQIURQWDOSDULHWDODQGVXEFRUWLFDOUHJLRQVWKDQ
FRQWUROV+RZHYHUWKH76JURXS¶VSHUIRUPDQFHRQERWKPDWKWDVNVZDV
FRPSDUDEOHWRFRQWUROV,QGLYLGXDOVZLWK76GHPRQVWUDWHDFWLYDWLRQGLIIHUHQFHVLQIURQWRSDULHWDODUHDVGXULQJDULWKPHWLFWDVNVFRPSDUHGZLWK
FRQWUROV7KH\PXVWUHFUXLWDGGLWLRQDOEUDLQUHJLRQVGXULQJDUHODWLYHO\
HDV\WDVNDQGGHPRQVWUDWHDSRWHQWLDOO\LQHI¿FLHQWUHVSRQVHWRLQFUHDVHG
WDVNGLI¿FXOW\FRPSDUHGWRFRQWUROV

7KLV¿JXUHVKRZV2SHUDQG0DWK%HWZHHQJURXSFRQWUDVWGHPRQVWUDWLQJVLJQL¿FDQWO\JUHDWHUDFWLYDWLRQLQFRQWUROVFRPSDUHGWRWKH76JURXSLQOHIWLQIHULRU
parietal lobe (IPL) extending into intraparietal sulcus (IPS), superior parietal
OREXOH 63/  IXVLIRUP )6  DQG SRVWHULRU PLGGOH WHPSRUDO J\UXV 07*  DQWHULRU FLQJXODWH $&*  H[WHQGLQJ LQWR ELODWHUDO PHGLDO VXSHULRU IURQWDO J\UXV
6)*  ELODWHUDO PLGGOH 0)*  DQG LQIHULRU IURQWDO ,)*  J\UL FXQHXV &1 
DQGEDVDOJDQJOLD %* 
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.HVOHU650HQRQ95HLVV$/1HXURIXQFWLRQDOGLIIHUHQFHVDVVRFLDWHGZLWK
DULWKPHWLFSURFHVVLQJLQ7XUQHUV\QGURPH&HUHEUDO&RUWH[  

7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQWV0+
+'+'+'DQG0+
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*64;.LUV[`WL7YLKPJ[Z3VUNP[\KPUHS*VNUP[P]L+LJSPULHUK7Z`JOVZPZPUX
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/6>,92>655:/<;05.1051)6603161:;@30(56:,(5;65(9(20:640*/(,3(466990:4(33(539,0::11*,5;,9-69
05;,9+0:*07305(9@)9(05:*0,5*,:9,:,(9*/:;(5-69+<50=:*/6636-4,+0*05,:(*23,9-(*<3;@6-4,+0*05,;,3(=0=
<50=,9:0;@3+,7(9;4,5;6-7:@*/0(;9@<50=,9:0;@6-.,5,=(:*/6636-4,+0*05,44,+0*(3.,5,;0*::,9=0*,<50=,9:0;@
/6:70;(3:.,5,=(5+,7;6-7:@*/0(;9@ ),/(=069(3:*0,5*,:<50=,9:0;@6->(:/05.;656+,7;6-.,5,;0*4,+0*05,
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PDJQHWLFUHVRQDQFHLPDJHV 05, ZHUHDFTXLUHGDWWKH/XFDV&HQWHU
ZLWK D *( 6LJQD  VFDQQHU :H LGHQWL¿HG WKH FDWHFKRO2PHWK\OWUDQVIHUDVH ORZDFWLYLW\ DOOHOH &207/  DV DQ LPSRUWDQW QHXURGHYHORSPHQWDOULVNIDFWRUIRUGHFOLQHLQSUHIURQWDOFRUWLFDOYROXPHDQGFRJQLtion, as well as for the consequent development of psychotic symptoms
GXULQJDGROHVFHQFH

6FKL]RSKUHQLDLVVWURQJO\KHUHGLWDU\EXWHIIRUWVWRLGHQWLI\LWVPROHFXODUSDWKRSK\VLRORJ\KDYH\LHOGHGOLPLWHGUHVXOWVSUREDEO\RZLQJWR
WKHHWLRORJLFDOKHWHURJHQHLW\RIWKLVV\PSWRPGH¿QHGGLVRUGHU2QHDSSURDFKIRUFRQWHQGLQJZLWKWKLVKHWHURJHQHLW\LVWRVWXG\VXEMHFWVZLWK
PRUHKRPRJHQHRXVULVNIRUSV\FKRVLV7KHTGHOHWLRQV\QGURPH
(22q11.2DS) is caused by a microdeletion on chromosome 22 and ocFXUVLQDERXWRIHYHU\OLYHELUWKV2QHWKLUGRIWKHLQGLYLGXDOV
with this condition develop schizophrenia or a related psychotic disorGHUPDNLQJT'6WKHPRVWFRPPRQO\NQRZQULVNIDFWRUIRUWKH
GHYHORSPHQWRISV\FKRVLVDQGDXQLTXHPRGHOIRUHOXFLGDWLQJQHXURGHYHORSPHQWDOSDWKZD\VOHDGLQJWRSV\FKRWLFGLVRUGHUV7KHV\QGURPHLV
DOVRDVVRFLDWHGZLWKFRQJHQLWDOPDOIRUPDWLRQVDQGFRJQLWLYHGH¿FLWV
In this study, 24 subjects with 22q11.2DS and 23 subjects with
LGLRSDWKLFGHYHORSPHQWDOGLVDELOLWLHVZHUHHYDOXDWHGGXULQJFKLOGKRRG
DQGUHHYDOXDWHGGXULQJODWHDGROHVFHQFHRUHDUO\DGXOWKRRG6XEMHFWV
ZHUHJHQRW\SHGIRUVHYHUDOVLQJOHQXFOHRWLGHSRO\PRUSKLVPVDVVHVVHG
IRU VHYHULW\ RI SV\FKLDWULF DQG FRJQLWLYH IXQFWLRQLQJ DQG DQDWRPLFDO

9,-,9,5*,:-<5+05.:6<9*,
*RWKHOI'(OLH]67KRPSVRQ7+LQDUG&3HQQLPDQ/)HLQVWHLQ&
.ZRQ+-LQ6-R%$QWRQDUDNLV6(0RUULV05HLVV$/&207
JHQRW\SHLVDULVNIDFWRUIRUFRJQLWLYHGHFOLQHDQGSV\FKRVLVLQ
VXEMHFWVZLWKTGHOHWLRQV\QGURPH$ORQJLWXGLQDOVWXG\Nature
Neuroscience  
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQWV
0++'DQG0+ $/5 DQGE\WKH6ZLVV
1DWLRQDO6FLHQFH)RXQGDWLRQWKH(XURSHDQ8QLRQ)HGHUDO2I¿FHRI
(GXFDWLRQDQGWKHµ&KLOG&DUH¶)RXQGDWLRQ 6($ 

7LYZVUHSP[`7YLKPJ[Z(J[P]P[`PU9L^HYKHUK,TV[PVUHS9LNPVUZ(ZZVJPH[LK^P[O/\TVY
+,(546)):*05+@/(.(5,04(5(A04=056+4,5651,3(33(539,0::-+,7(9;4,5;6-7:@*/0(;9@ 
),/(=069(3:*0,5*,:*,5;,9-6905;,9+0:*07305(9@)9(05:*0,5*,:9,:,(9*/796.9(4055,<96:*0,5*,
:;(5-69+<50=,9:0;@SCHOOL OF MEDICINE
3UHYLRXV UHVHDUFK DQG WKHRU\ VXJJHVW WKDW WZR VWDEOH SHUVRQDOLW\ GLPHQVLRQV H[WURYHUVLRQ DQG QHXURWLFLVP GLIIHUHQWLDOO\ LQÀXHQFH
emotional reactivity to a variety of pleasurable phenomena. Here, we
use event-related functional MRI to address the putative neural and
behavioral associations between humor appreciation and the personality dimensions of introversion-extroversion and emotional stabilityneuroticism. Our analysis showed extroversion to positively correlate
ZLWKKXPRUGULYHQEORRGR[\JHQDWLRQOHYHOGHSHQGHQW %2/' VLJQDO
LQGLVFUHWHUHJLRQVRIWKHULJKWRUELWDOIURQWDOFRUWH[YHQWURODWHUDOSUHfrontal cortex, and bilateral temporal cortices. Introversion correlated
ZLWKLQFUHDVHGDFWLYDWLRQLQVHYHUDOUHJLRQVPRVWSURPLQHQWO\WKHELODWHUDODP\JGDOD$OWKRXJKQHXURWLFLVPGLGQRWSRVLWLYHO\FRUUHODWHZLWK
any whole-brain activation, emotional stability (i.e., the inverse of neuroticism) correlated with increased activation in the mesocortical-meVROLPELFUHZDUGFLUFXLWU\HQFRPSDVVLQJWKHULJKWRUELWDOIURQWDOFRUWH[
caudate, and nuclear accumbens.
2XU¿QGLQJVVXSSRUWWKHQRWLRQWKDWNH\QHXURELRORJLFDOVWUXFWXUHV
in humor circuitry are mediated by personality. An important focus of
IXWXUH UHVHDUFK ZLOO EH WR H[SORUH KRZ WKH LQWULJXLQJ LQWHUDFWLRQ EHWZHHQ SHUVRQDOLW\ DQG KXPRU H[HUWV LQÀXHQFH RYHU SK\VLRORJLFDO DQG
SV\FKRORJLFDOIXQFWLRQLQJ

BOLD activity correlation with extroversion and introversion to humor
appreciation. (A) Whole-brain BOLD signal correlations with extroversion (red) and introversion (blue) when subjectively chosen humorous cartoons were subtracted from cartoons determined nonhumorous
(P < 0.05). (B) Amygdala BOLD signal correlation with introversion.
(C) Scatter plot illustrating the increased amygdala activation with
introversion.

9,-,9,5*,:-<5+05.:6<9*,
0REEV'+DJDQ&&$]LP(0HQRQ95HLVV$/3HUVRQDOLW\SUHGLFWV
DFWLYLW\LQUHZDUGDQGHPRWLRQDOUHJLRQVDVVRFLDWHGZLWKKXPRUDSSUHFLDWLRQ
3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHV  
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO,QVWLWXWHVRI+HDOWK*UDQW0+ $/5 
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&7/ YLHZHGQHXWUDOIDFHVIURPDFWRUVDQGDQRYDOZLWKDFURVV
KDLULQWKHPLGGOHLQWKHVFDQQHULQDQHYHQWUHODWHGGHVLJQ3DUWLFLSDQWV
ZHUHLQVWUXFWHGWRXVHDEXWWRQER[WRPDNHYDOHQFHUDWLQJV QHJDWLYH
QHXWUDORUSRVLWLYH DQGWRLQGLFDWHµQHXWUDO¶ZKHQWKH\VDZDQRYDO
$QDO\VHVRIDFWLYDWLRQVLQELODWHUDODP\JGDOD52,VIRUWKHQHXWUDO
face vs. oval contrasts revealed that whereas SAD participants demonVWUDWHG VLJQL¿FDQWO\ JUHDWHU DFWLYDWLRQ LQ WKH ULJKW DP\JGDOD WKDQ GLG
FRQWUROV&7/SDUWLFLSDQWVH[KLELWHGVLJQL¿FDQWO\JUHDWHUDFWLYDWLRQLQ
WKHOHIWDP\JGDODWKDQGLG6$'SDUWLFLSDQWV,PSRUWDQWO\WKH6$'DQG
&7/JURXSVGLGQRWGLIIHUVLJQL¿FDQWO\LQWKHWLPHFRXUVHWRRYDOVVXJJHVWLQJWKDWWKHJURXSGLIIHUHQFHVLQDP\JGDODDFWLYDWLRQVLQWKHQHXWUDO
face vs. ovals contrasts are not driven by increased activation to ovals
LQWKH6$'JURXS
7KHVH UHVXOWV FOHDUO\ XQGHUVFRUH WKH LPSRUWDQFH RI VHOHFWLQJ DGHTXDWHEDVHOLQHRUFRQWUROFRQGLWLRQVLQVWXGLHVLQYHVWLJDWLQJQHXUDOFRUUHODWHVRIWKHSURFHVVLQJRIHPRWLRQDOVWLPXOLLQLQGLYLGXDOVH[SHULHQFLQJHPRWLRQDOGLVRUGHUV

6RFLDO$Q[LHW\'LVRUGHU 6$' LVDSUHYDOHQWDQGGHELOLWDWLQJGLVRUGHUFKDUDFWHUL]HGE\LQWHQVHIHDURIVRFLDOVLWXDWLRQVWKDWVLJQL¿FDQWO\
LPSDLUV TXDOLW\ RI OLIH 3UHYLRXV UHVHDUFK KDV VXJJHVWHG WKDW 6$' LV
DVVRFLDWHG ZLWK D WHQGHQF\ WR LQWHUSUHW DPELJXRXV VRFLDO VWLPXOL LQ D
WKUHDWHQLQJPDQQHU5HFHQWO\LQYHVWLJDWRUVKDYHEHJXQWRH[DPLQHWKH
QHXURELRORJLFDOEDVHVRIWKHSURFHVVLQJRIVRFLDOVWLPXOLLQ6$'DQG
have found that individuals with SAD exhibit elevated activation to
QHJDWLYHIDFHV VSHFL¿FDOO\DQJHUDQGGLVJXVW LQWKHDQWHULRUFLQJXODWH
FRUWH[SDUDKLSSRFDPSDOJ\UXVDQGDP\JGDODZKHQWKHLUUHVSRQVHVDUH
FRQWUDVWHGZLWKDFWLYDWLRQVWRQHXWUDOIDFHV*LYHQWKHUHVXOWVRIEHKDYLRUDODQGLPDJLQJ¿QGLQJLQGLFDWLQJWKDW6$'LQGLYLGXDOVPD\SHUFHLYH
neutral faces as threat-related, however, it is critical to assess the neural
UHVSRQVHVRI6$'LQGLYLGXDOVWRQHXWUDOIDFHVDORQH7KHSUHVHQWVWXG\
ZDVGHVLJQHGWRH[DPLQHZKHWKHU6$'SDUWLFLSDQWVH[KLELWDFWLYDWLRQ
to neutral faces in areas of the brain that have been found to be associDWHGZLWKWKHSURFHVVLQJRIQHJDWLYHIDFHV
7HQ SDUWLFLSDQWV ZLWK 6$' DQG WHQ KHDOWK\ FRQWURO SDUWLFLSDQWV

5L\YHS*VYYLSH[LZVM4VVK9LN\SH[PVU;OYV\NO4VVK0UJVUNY\LU[9LJHSS
9,),**(,*665,@1<;;(16694(553(<9,5@(;3(:-(55@,<.,5,(5+0(5/.6;30)
,QYHVWLJDWRUV KDYH LGHQWL¿HG D QXPEHU RI VWUDWHJLHV WKDW SHRSOH
FRPPRQO\XVHWRUHJXODWHQHJDWLYHPRRGVLQFOXGLQJGLVWUDFWLRQSUREOHPVROYLQJUHDSSUDLVDODQGVSHQGLQJWLPHZLWKRWKHUSHRSOH2QO\UHFHQWO\KRZHYHUKDYHUHVHDUFKHUVEHJXQWRH[DPLQHKRZDQGZK\WKHVH
VWUDWHJLHVZRUNZKHWKHUPRRGUHJXODWLRQVWUDWHJLHVDUHXQLIRUPO\VXFFHVVIXODWLPSURYLQJQHJDWLYHPRRGDQGZKHWKHUWKHUHDUHFRQVLVWHQW
LQGLYLGXDOGLIIHUHQFHVLQWKHXVHDQGHIIHFWLYHQHVVRIWKHVHVWUDWHJLHV
7KHSUHVHQWVWXG\ZDVGHVLJQHGWRXVHI05,WRH[DPLQHWKHQHXUDOFRUrelates both of the induction of a sad mood state and of the use of posiWLYHDXWRELRJUDSKLFDOPHPRU\WRUHJXODWHWKDWPRRG
)RXUWHHQDGXOWIHPDOHVZHUHVFDQQHGDVWKH\¿UVWUHFDOOHGKDSS\
SRVLWLYH PHPRULHV IURP WKHLU KLJKVFKRRO \HDUV WKDW PDGH WKHP IHHO
JRRG1H[WWKH\YLHZHGDVDG¿OPFOLSDQGWKHQZHUHVFDQQHGDVWKH\
elaborated their sad mood. Participants were then prompted to recall
D VHFRQG KDSS\ DXWRELRJUDSKLFDO PHPRU\ 7ZR SULPDU\ LVVXHV ZHUH
DGGUHVVHGZLWKWKHLPDJLQJGDWD LGHQWL¿FDWLRQRIEUDLQUHJLRQVLQYROYHGLQH[SHULHQFLQJDQLQGXFHGVDGPRRGDQG GHWHUPLQDWLRQRI
ZKLFKQHXUDOVWUXFWXUHVRUUHJLRQVDUHUHFUXLWHGDVLQGLYLGXDOVUHJXODWH
WKHLUVDGPRRGE\UHFDOOLQJSRVLWLYHDXWRELRJUDSKLFDOPHPRULHV

$FWLYDWLRQV GXULQJ WKH VDG PRRG HODERUDWLRQ ZHUH REVHUYHG LQ
ERWK DQWHURPHGLDO DQG ODWHUDO VHFWLRQV RI 2)& H[WHQGLQJ ELODWHUDOO\
WKURXJKWKHLQIHULRUIURQWDODQGPLGGOHIURQWDOJ\ULL LQFOXGLQJ%$V
47, and 13) and into the putamen and nucleus accumbens. Activations
ZHUHDOVRIRXQGLQULJKWSRVWHULRUSDUDKLSSRFDPSDOJ\UXV %$V
DQG   VXSHULRU WHPSRUDO J\UXV %$   DQG ULJKW VXSHULRU IURQWDO
J\UXV %$ 1HXUDOUHJLRQVWKDWZHUHGLIIHUHQWLDOO\DFWLYHGXULQJUHcall of a positive memory in a sad mood state compared with recall of
a positive memory in a euthymic or neutral mood state were loci in
WKHYHQWURPHGLDOSUHIURQWDOFRUWH[WKDWLQFOXGHGELODWHUDODQGFRQWLJXRXVDFWLYDWLRQH[WHQGLQJIURPDUHJLRQRISRVWHULRU2)&WRVXEJHQXDO
DQWHULRUFLQJXODWH %$V DFWLYDWLRQDORQJWKHSDUDKLSSRFDPSDO
J\UXVH[WHQGLQJSRVWHULRUIURP%$WR%$DQGDQWHULRUSUHIURQWDO
FRUWLFDODFWLYDWLRQLQOHIWLQIHULRUIURQWDOJ\UXV %$ 
7KHVHUHVXOWVVXJJHVWWKDWWKHÀH[LEOHUHFUXLWPHQWRIWKH2)&LQ
WKHVHUYLFHRIH[SHULHQFLQJERWKQHJDWLYHDQGSRVLWLYHPRRGVWDWHVDV
ZHOODVGXULQJWKHUHJXODWLRQRIWKRVHVWDWHVLVDFULWLFDOFRPSRQHQWRI
KHDOWK\HPRWLRQDOIXQFWLRQLQJ
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WUDFWRU ZRUGV WKDW ZHUH SUHVHQWHG LQ WKH SUHYLRXV WULDO SHUPLWWLQJ D
comparison of the neural responses of depressed and nondepressed parWLFLSDQWVWRSUHYLRXVO\LJQRUHGSRVLWLYHRUQHJDWLYHZRUGV2XUUHVXOWV
indicate that, in nondepressed controls, inhibition of emotional words,
UHJDUGOHVVRIYDOHQFHLVDVVRFLDWHGZLWKLQFUHDVHGDFWLYDWLRQLQDQWHULRU
FLQJXODWHFRUWH[DVWUXFWXUHWKRXJKWWRSOD\DNH\UROHLQWKHUHJXODWLRQ
RIPRRGDQGHPRWLRQWKURXJKLWVFRQQHFWLRQVWRERWKSUHIURQWDOFRUWH[
and other limbic structures. 7KLV LQFUHDVH LQ FLQJXODWH DFWLYDWLRQ ZDV
not found in dHSUHVVHGSDUWLFLSDQWV,QWHUHVWLQJO\WKHVHUHVXOWVVHHPWR
EHGULYHQPDLQO\E\GLIIHUHQFHVLQQHXUDOUHVSRQVHWRLQKLELWLRQRIQHJDtive words. No difference was observed for positive distractors.
&RQFOXVLRQV7KH¿QGLQJVRIWKLVVWXG\LQGLFDWHWKDWDQWHULRUFLQJXODWHG\VIXQFWLRQPD\XQGHUOLHGLI¿FXOWLHVH[SHULHQFHGE\GHSUHVVHG
LQGLYLGXDOV LQ LQKLELWLQJ QHJDWLYH WKRXJKWV 7KHVH UHVXOWV XQGHUVFRUH
WKHLPSRUWDQFHRIH[DPLQLQJWKHUHODWLRQEHWZHHQFRJQLWLYHDQGQHXUDO
IXQFWLRQLQJLQGHSUHVVLRQLQDWWHPSWLQJWRJDLQDEHWWHUXQGHUVWDQGLQJ
RIWKLVGHELOLWDWLQJGLVRUGHU

%DFNJURXQG&RJQLWLYHWKHRULHVRIGHSUHVVLRQSRVLWWKDWLQGLYLGXDOVVXIIHULQJIURPWKLVGLVRUGHUDUHFKDUDFWHUL]HGE\DFRJQLWLYHELDVWKDW
OHDGVWKHPWRDWWHQGVHOHFWLYHO\WRQHJDWLYHLQIRUPDWLRQ$QLPSRUWDQW
FRPSRQHQWRIWKLVVHOHFWLYHDWWHQWLRQWRQHJDWLYHLQIRUPDWLRQQRZDSSHDUVWRLQYROYHDQLQKLELWRU\G\VIXQFWLRQ±DUHGXFHGDELOLW\WRGLVHQJDJHDWWHQWLRQIURPWDVNLUUHOHYDQWQHJDWLYHLQIRUPDWLRQ,PSRUWDQWO\
WKLV LQKLELWRU\ GH¿FLW KDV EHHQ IRXQG LQ G\VSKRULF LQGLYLGXDOV DQG LQ
persons at elevated risk for depression, and has been postulated to be
LQYROYHGLQWKHHWLRORJ\RIWKLVGLVRUGHU7RLQWHJUDWHWKHVH¿QGLQJVZLWK
a neural dysfunction formulation of depression, we used functional
PDJQHWLF UHVRQDQFH LPDJLQJ I05,  WR H[DPLQH QHXUDO FRUUHODWHV RI
LQKLELWRU\G\VIXQFWLRQLQLQGLYLGXDOVGLDJQRVHGZLWK0DMRU'HSUHVVLYH
Disorder (MDD).
0HWKRGVDQG5HVXOWV7HQSDUWLFLSDQWVGLDJQRVHGZLWK0''DQG
 QHYHUGHSUHVVHG FRQWUROV FRPSOHWHG D QHJDWLYH DIIHFWLYH SULPLQJ
1$3 SDUDGLJPLQWKHVFDQQHULQZKLFKWKH\UHVSRQGHGWRHPRWLRQDO
WDUJHWZRUGVZKLOHDWWHPSWLQJWRLJQRUHHPRWLRQDOGLVWUDFWRUZRUGV,Q
WKH FULWLFDO WULDOV WKH WDUJHW ZRUGV KDYH WKH VDPH YDOHQFH DV WKH GLV-

5L\YHS:\IZ[YH[LZVM4LTVY`:LUZP[P]P[`MVY5LNH[P]L:[PT\SPPU+LWYLZZPVU
17(<3/(403;65(5+0(5/.6;30)+,7(9;4,5;6-7:@*/636.@
%DFNJURXQG&RJQLWLYHWKHRULHVRIGHSUHVVLRQSRVLWWKDWLQGLYLGXDOVVXIIHULQJIURPWKLVGLVRUGHUDUHFKDUDFWHUL]HGE\DFRJQLWLYHELDVWKDW
OHDGVWKHPWRDWWHQGVHOHFWLYHO\WRQHJDWLYHLQIRUPDWLRQ$QLPSRUWDQW
FRPSRQHQWRIWKLVVHOHFWLYHDWWHQWLRQWRQHJDWLYHLQIRUPDWLRQQRZDSSHDUVWRLQYROYHDQLQKLELWRU\G\VIXQFWLRQ±DUHGXFHGDELOLW\WRGLVHQJDJHDWWHQWLRQIURPWDVNLUUHOHYDQWQHJDWLYHLQIRUPDWLRQ,PSRUWDQWO\
WKLV LQKLELWRU\ GH¿FLW KDV EHHQ IRXQG LQ G\VSKRULF LQGLYLGXDOV DQG LQ
persons at elevated risk for depression, and has been postulated to be
LQYROYHGLQWKHHWLRORJ\RIWKLVGLVRUGHU7RLQWHJUDWHWKHVH¿QGLQJVZLWK
a neural dysfunction formulation of depression, we used functional
PDJQHWLF UHVRQDQFH LPDJLQJ I05,  WR H[DPLQH QHXUDO FRUUHODWHV RI
LQKLELWRU\G\VIXQFWLRQLQLQGLYLGXDOVGLDJQRVHGZLWK0DMRU'HSUHVVLYH
Disorder (MDD).
0HWKRGVDQG5HVXOWV7HQSDUWLFLSDQWVGLDJQRVHGZLWK0''DQG
 QHYHUGHSUHVVHG FRQWUROV FRPSOHWHG D QHJDWLYH DIIHFWLYH SULPLQJ
1$3 SDUDGLJPLQWKHVFDQQHULQZKLFKWKH\UHVSRQGHGWRHPRWLRQDO
WDUJHWZRUGVZKLOHDWWHPSWLQJWRLJQRUHHPRWLRQDOGLVWUDFWRUZRUGV,Q
WKH FULWLFDO WULDOV WKH WDUJHW ZRUGV KDYH WKH VDPH YDOHQFH DV WKH GLV-

WUDFWRU ZRUGV WKDW ZHUH SUHVHQWHG LQ WKH SUHYLRXV WULDO SHUPLWWLQJ D
comparison of the neural responses of depressed and nondepressed parWLFLSDQWVWRSUHYLRXVO\LJQRUHGSRVLWLYHRUQHJDWLYHZRUGV2XUUHVXOWV
indicate that, in nondepressed controls, inhibition of emotional words,
UHJDUGOHVVRIYDOHQFHLVDVVRFLDWHGZLWKLQFUHDVHGDFWLYDWLRQLQDQWHULRU
FLQJXODWHFRUWH[DVWUXFWXUHWKRXJKWWRSOD\DNH\UROHLQWKHUHJXODWLRQ
RIPRRGDQGHPRWLRQWKURXJKLWVFRQQHFWLRQVWRERWKSUHIURQWDOFRUWH[
and other limbic structures. 7KLVLQFUHDVHLQFLQJXODWHDFWLYDWLRQZDVQRW
found in dHSUHVVHGSDUWLFLSDQWV,QWHUHVWLQJO\WKHVHUHVXOWVVHHPWREH
GULYHQPDLQO\E\GLIIHUHQFHVLQQHXUDOUHVSRQVHWRLQKLELWLRQRIQHJDWLYH
words . No difference was observed for positive distractors.
&RQFOXVLRQV7KH¿QGLQJVRIWKLVVWXG\LQGLFDWHWKDWDQWHULRUFLQJXODWHG\VIXQFWLRQPD\XQGHUOLHGLI¿FXOWLHVH[SHULHQFHGE\GHSUHVVHG
LQGLYLGXDOV LQ LQKLELWLQJ QHJDWLYH WKRXJKWV 7KHVH UHVXOWV XQGHUVFRUH
WKHLPSRUWDQFHRIH[DPLQLQJWKHUHODWLRQEHWZHHQFRJQLWLYHDQGQHXUDO
IXQFWLRQLQJLQGHSUHVVLRQLQDWWHPSWLQJWRJDLQDEHWWHUXQGHUVWDQGLQJ
RIWKLVGHELOLWDWLQJGLVRUGHU
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%DFNJURXQG 7KH DSSOLFDWLRQ RI IXQFWLRQDO QHXURLPDJLQJ WHFKniques to the study of major depressive disorder has been critical in
KHOSLQJWRLGHQWLI\LQJLWVQHXUDOFRUUHODWHVDVZHOODVLQLQIRUPLQJQHXURDIIHFWLYHPRGHOVRIWKHGLVRUGHU7ZRVKRUWFRPLQJVRIWKLVDSSURDFK
KDYHHPHUJHGKRZHYHU)LUVWLQYHVWLJDWRUVKDYHQRWGLVWLQJXLVKHGQHXral correlates of depression from neural factors that are involved more
FULWLFDOO\LQSURGXFLQJDQGVXVWDLQLQJGHSUHVVLYHV\PSWRPDWRORJ\7KLV
GLVWLQFWLRQ LV HVVHQWLDO LQ FUHDWLQJ LQIRUPDWLYH DQG XVHIXO QHXURDIIHFWLYHPRGHOVRIGHSUHVVLRQ6HFRQGIXQFWLRQDOQHXURLPDJLQJVWXGLHVRI
GHSUHVVLRQKDYHKDGOLPLWHGLPSDFWRQWKHTXDOLW\RIOLIHDPRQJWKRVH
VXIIHULQJIURPWKHGLVRUGHU7KLVVWXG\ZDVGHVLJQHGERWKWRH[DPLQH
WKHXVHRIUHDOWLPHORFDOL]HGQHXURIHHGEDFNWUDLQLQJWRLVRODWHFUXFLDO
neural factors in depression, and to assess the potential effectiveness of
real-time neurofeedback as a novel therapeutic procedure in the treatment of depression.
Methods and preliminary data: We have developed a software
DQGKDUGZDUHFRQ¿JXUDWLRQFDSDEOHRIH[WUDFWLQJDQGDQDO\]LQJEORRG
R[\JHQOHYHOGHSHQGHQW %2/' I05,GDWDLQUHDOWLPH&XUUHQWO\WKLV

V\VWHPFDQH[WUDFWDQGGLVSOD\FRQWLQXRXVO\XSGDWHG%2/'VLJQDOERWK
IURPDUHJLRQRILQWHUHVWDQGIURPWKHZKROHEUDLQ7KLVLQIRUPDWLRQ
FDQEHSUHVHQWHGWRSDUWLFLSDQWVZKRFDQWKHQWKURXJKLWHUDWLYHWULDODQG
HUURUOHDUQWRPRGXODWHDFWLYLW\ZLWKLQDJLYHQUHJLRQRILQWHUHVW,QDGGLWLRQVWDWLVWLFDOPDSVUHÀHFWLQJFRQWUDVWVRILQWHUHVWFDQEHJHQHUDWHG
DQGGLVSOD\HGLQUHDOWLPH:HKDYHEHHQDEOHWRLVRODWHUHJLRQVLQWKH
PHGLDOSUHIURQWDOFRUWH[DQGWKHVXEJHQXDOFLQJXODWHFRUWH[WZRVWUXFtures that have been implicated in depression and that are preferentially
LQYROYHGLQWKHSURFHVVLQJRIQHJDWLYHDIIHFW:HKDYHEHHQDEOHWRSUHVHQWLQGLFHVRIRQJRLQJDFWLYLW\LQWKHVHVWUXFWXUHVWRSDUWLFLSDQWV7KXV
far, two healthy control participants have been presented with activation
indices in real time. One received information from the medial preIURQWDOFRUWH[DQGWKHRWKHUIURPWKHVXEJHQXDOFLQJXODWHFRUWH[%RWK
participants learned to modulate neural activation across the course of
D ¿IWHHQPLQXWH WUDLQLQJ VFDQ :H DUH QRZ H[DPLQLQJ ZKHWKHU WKHVH
WUDLQLQJSURFHGXUHVFDQEHLPSOHPHQWHGZLWKGHSUHVVHGSDUWLFLSDQWVWR
determine if leaned modulation of structures that have been implicated
LQGHSUHVVLYHSDWKRORJ\LVHIIHFWLYHLQWKHWUHDWPHQWRIWKLVGLVRUGHU

([[LU[PVU+LWLUKLU[4VK\SH[PVUVM4LKPHS;LTWVYHS3VIL,UJVKPUN7YVJLZZLZ
50*63,4+<+<26=0*(30:65979,:;651,94(05,1(9*/0, (5;/65@+>(.5,9
+,7(9;4,5;6-7:@*/636.@(5+5,<96:*0,5*,:796.9(4
*RDOGLUHFWHGDWWHQWLRQKDVEHHQVKRZQWRPRGXODWHDFWLYDWLRQLQ
ODWHUDO FRUWLFDO UHJLRQV NQRZQ WR SURFHVV IDFHV IXVLIRUP FRUWH[  DQG
scenes (parahippocampal cortex), but an open question is whether these
HIIHFWV SURSDJDWH DORQJ WKH PHGLDO WHPSRUDO OREH 07/  FLUFXLW7KH
SUHVHQW VWXG\ LQYHVWLJDWHG KRZ VHOHFWLYH DWWHQWLRQ PRGXODWHV VWLPXOXVVSHFL¿FHQFRGLQJSURFHVVHVLQ07/FRUWH[DQGWKHKLSSRFDPSXV
LQFOXGLQJ KRZ DWWHQWLRQ LPSDFWV 07/ UHVSRQVHV WKDW SUHGLFW VXEVHTXHQWPHPRU\+LJKUHVROXWLRQIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJ
I05,  RI WKH KXPDQ 07/ ZDV FRQGXFWHG RQ D  7HVOD *( 6LJQD
VFDQQHUDWWKH/XFDV&HQWHUZKLOHSDUWLFLSDQWVDWWHQGHGLJQRUHGRU
SDVVLYHO\ YLHZHG IDFH DQG VFHQH VWLPXOL (DFK WULDO FRQVLVWHG RI IRXU
VHTXHQWLDOO\ SUHVHQWHG LPDJHV WZR IDFHV DQG WZR VFHQHV DQG SDUWLFLSDQWV ZHUH LQVWUXFWHG WR   5HPHPEHU )DFHV DQG ,JQRUH 6FHQHV  
5HPHPEHU6FHQHVDQG,JQRUH)DFHVRU 3DVVLYHO\9LHZERWK)DFHV
DQG6FHQHV *D]]DOH\HWDO $IWHUDEULHIGHOD\HLWKHUDSUREH
stimulus appeared and participants indicated whether it was in the curUHQWPHPRU\VHW 5HPHPEHU)DFHV5HPHPEHU6FHQHVFRQGLWLRQV RU
an arrow appeared and participants indicated the direction it pointed
3DVVLYH 9LHZ FRQGLWLRQ  $ VXUSULVH SRVWVFDQ UHFRJQLWLRQ PHPRU\

WHVWUHYHDOHGWKDWSDUWLFLSDQWVZHUHPRUHDFFXUDWHDQGKDGKLJKHUFRQ¿GHQFH LQ WKHLU PHPRU\ MXGJPHQWV IRU VWLPXOL WKDW ZHUH DWWHQGHG DV
RSSRVHG WR WKRVH WKDW ZHUH LJQRUHG RU SDVVLYHO\ YLHZHG$QDWRPLFDO
DQGIXQFWLRQDOUHJLRQRILQWHUHVW 52, DQDO\VHVGLIIHUHQWLDWHGEHWZHHQ
LQGLYLGXDO07/VXEUHJLRQVDQGGHPRQVWUDWHGWKDWJRDOGLUHFWHGDWWHQWLRQPRGXODWHVHQFRGLQJDFWLYDWLRQLQSHULUKLQDOFRUWH[ IRUIDFHV DQG
SDUDKLSSRFDPSDO FRUWH[ IRU VFHQHV  DQG WKDW WKHVH HIIHFWV SURSDJDWH
LQWR KLSSRFDPSDO VXE¿HOGV ,Q DGGLWLRQ DWWHQWLRQGHSHQGHQW VXEVHTXHQWPHPRU\HIIHFWVZHUHREVHUYHGZLWKLQ07/VXEUHJLRQVVXJJHVWLQJWKDWDWWHQWLRQLVFULWLFDOIRUWKHHQFRGLQJUHVSRQVHVWKDWJLYHULVHWR
ODWHUPHPRU\:HDUHFXUUHQWO\¿QLVKLQJGDWDFROOHFWLRQDQGZRUNLQJ
RQIXUWKHUDQDO\VHV7KHUHVXOWVZLOOEHSUHVHQWHGDWDVFLHQWL¿FPHHWLQJ
in October and will be written up for publication in a peer-reviewed
VFLHQWL¿FMRXUQDOLQWKHIDOO
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Processes. Society for Neuroscience Abstracts.
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(SLVRGLF UHWULHYDO RIWHQ LQYROYHV VHOHFWLRQ RI D WDUJHW DPLGVW LQWHUIHUHQFH IURP FRPSHWLQJ PHPRULHV7R H[SORUH WKH QHXURELRORJLFDO
PHFKDQLVPVUHFUXLWHGGXULQJUHWULHYDOLQWKHIDFHRIFRPSHWLWLRQDQGWKH
PHFKDQLVPVWKDWFRQWULEXWHWRWKHVXSSUHVVLRQRIVHOHFWHGDJDLQVWFRPSHWLWRUVZHXVHGI05,WRVWXG\UHWULHYDOLQGXFHGIRUJHWWLQJ $QGHUVRQ
%MRUN %MRUN 
3DUWLFLSDQWV Q   LQLWLDOO\ VWXGLHG FXH±DVVRFLDWH ZRUG SDLUV
OHDUQLQJ PXOWLSOH DVVRFLDWHV IRU HDFK FXH 6XEVHTXHQWO\ SDUWLFLSDQWV
performed retrieval practice for some of the associates of some of the
cues. Finally, a cued recall test was administered for all items.
%HKDYLRUDOGDWDUHSOLFDWHGWKHUHWULHYDOLQGXFHGIRUJHWWLQJHIIHFW
unpracticed associates of a practiced cue (competitors) were less likely
to be recalled than unpracticed associates of an unpracticed cue (base-

OLQHLWHPV ²EHKDYLRUDOHYLGHQFHIRUVXSSUHVVLRQRIFRPSHWLQJPHPRries). fMRI analyses of the retrieval practice phase revealed three main
¿QGLQJV)LUVWDGLYHUVHVHWRISUHIURQWDODQGSDULHWDOUHJLRQVGHFUHDVHG
LQDFWLYDWLRQDVFRPSHWLWLRQGHPDQGVGHFUHDVHG DVWDUJHWVZHUHSUDFWLFHGUHSHDWHGO\ 6HFRQGWKHH[WHQWWRZKLFK$&&DFWLYDWLRQGHFUHDVHG
DFURVVUHWULHYDOSUDFWLFHDWWHPSWVZDVFRUUHODWHGZLWKWKHPDJQLWXGHRI
IRUJHWWLQJ VXSSUHVVLRQ  RI FRPSHWLQJ PHPRULHV DV REVHUYHG RQ WKH
¿QDOWHVW7KLUGDFWLYDWLRQLQDVXEVHWRISUHIURQWDODQGSDULHWDOUHJLRQV
ZDVFRUUHODWHGZLWKERWKWKHGHFUHDVHLQ$&&DFWLYDWLRQDQGWKHPDJQLtude of suppression observed at test.
7KHVHGDWDVXJJHVWDUROHIRU$&&LQG\QDPLFDOO\GHWHFWLQJPQHPRQLF FRPSHWLWLRQ DQG IRU VHOHFW SUHIURQWDOSDULHWDO PHFKDQLVPV LQ
LPSOHPHQWLQJVXSSUHVVLRQDVDPHDQVRIUHGXFLQJFRPSHWLWLRQ

4PUKM\SULZZ4LKP[H[PVU,TV[PVU9LN\SH[PVUHUK)YHPU9LZWVUZLZPU:VJPHS7OVIPH
7/03077,9.63+05 1(4,:1.96::+,7(9;4,5;6-7:@*/636.@:;(5-69+<50=,9:0;@
7KHUHLVDJURZLQJLQWHUHVWLQWKHDSSOLFDWLRQRIPLQGIXOQHVVWHFKQLTXHVIRUPRGXODWLQJRQH¶VUHODWLRQVKLSWRRQJRLQJPHQWDOH[SHULHQFH
FRJQLWLRQVHPRWLRQVVHQVDWLRQV +RZHYHUWKHUHLVQHHGIRUPRUHGHWDLOHGHPSLULFDOLQYHVWLJDWLRQVXVLQJH[SHULPHQWDOSDUDGLJPVWRDGGUHVV
D  ZKHWKHU PLQGIXOQHVV WUDLQLQJ ZRUNV E  KRZ LW DIIHFWV HPRWLRQDO
UHDFWLYLW\ DQG UHJXODWLRQ F  ZKDW QHXUDO V\VWHPV DUH PRGXODWHG E\
WUDLQLQJLQPLQGIXOQHVVWHFKQLTXHVDQG G KRZWKHVHPLJKWFRPSDUHWR
FRJQLWLYHUHJXODWRU\VWUDWHJLHV
In this talk, we consider the brain-behavior relationship of differHQWPHWKRGVRIHPRWLRQUHJXODWLRQPLQGIXOQHVVPHGLWDWLRQFRJQLWLYH
UHJXODWLRQDQGDWWHQWLRQDOGLVWUDFWLRQLQSHRSOHGLDJQRVHGZLWKVRFLDO
SKRELD 63 DQGWKHQHXUDOPHFKDQLVPVXQGHUO\LQJWKHUDSHXWLFFKDQJH
DVVRFLDWHG ZLWK WUDLQLQJ SURYLGHG LQ D PLQGIXOQHVV PHGLWDWLRQ EDVHG
VWUHVVUHGXFWLRQ 0%65 SURJUDP
7RLQWHJUDWHEDVLFDQGFOLQLFDOOLWHUDWXUHVDQGHPSLULFDOO\H[DPLQH
the neural mechanisms of mindfulness meditation, a multi-level assessPHQW SV\FKLDWULF TXHVWLRQQDLUHV DXWRQRPLF SV\FKRSK\VLRORJ\ IXQFWLRQDOPDJQHWLFUHVRQDQFH I05, LPDJLQJRIQHXUDOUHVSRQVHVFOLQLFDOGLDJQRVWLFLQWHUYLHZ ZDVDGPLQLVWHUHGEHIRUHDQGDIWHUDZHHN
mindfulness meditation based stress reduction intervention. Participants
ZHUHSUHVHQWHGZLWKVHOIJHQHUDWHGDXWRELRJUDSKLFDOVRFLDOVLWXDWLRQUHODWHGQHJDWLYHVHOIEHOLHIVDQGWKHQFXHGWRVKLIWLQWRPLQGIXODZDUHQHVV
RI EUHDWKLQJ FRJQLWLYH UHVWUXFWXULQJ RU DWWHQWLRQDO GLVWUDFWLRQ GXULQJ

I05,VFDQQLQJZLWKFRQFXUUHQWHPRWLRQUDWLQJDQGDXWRQRPLFSK\VLRORJLFDOPHDVXUHPHQWV$WEDVHOLQH63ZHUHFRPSDUHGWRDJHJHQGHU
HGXFDWLRQKDQGHGQHVVPDWFKHGKHDOWK\FRQWUROV +& WRH[DPLQHWKH
effect of psychiatric status. Post-MBSR, SP treatment completers were
compared to their own pre-MBSR measurements to examine the effect
RIPLQGIXOQHVVWUDLQLQJ
,QLWLDO ¿QGLQJV DW EDVHOLQH LQGLFDWH WKDW 63 Q   FRPSDUHG WR
+& Q   VKRZ D  JUHDWHU HPRWLRQDO UHDFWLYLW\ WR QHJDWLYH VHOIEHOLHIVLQHPRWLRQUDWLQJVDQGOHIWDP\JGDOD E OHVVHIIHFWLYHFRJQLWLYH
UHJXODWLRQRIHPRWLRQEXW F DVWDWLVWLFDOWUHQGWRZDUGVJUHDWHUHI¿FDF\
for mindful awareness of breath compared to attentional distraction in
UHGXFLQJHPRWLRQDOUHDFWLYLW\WRVRFLDOQHJDWLYHVHOIEHOLHIV$QDO\VHV
RI SRVW0%65 PHDVXUHV DUH XQGHUZD\7KHVH UHVXOWV VXJJHVW D  GLIIHUHQWLDOHIIHFWLYHQHVVRIYDULRXVHPRWLRQUHJXODWLRQWHFKQLTXHVLQ63
DQG+&DQG E KLJKOLJKWSRWHQWLDOPHFKDQLVPVWKDWFDQEHWDUJHWHGLQ
therapy.

9,-,9,5*,:-<5+05.:6<9*,
7DONSUHVHQWHGDWWKHDQQXDOPHHWLQJRIWKH$VVRFLDWLRQIRU%HKDYLRUDQG
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JUDQWVDZDUGHGWR3KLOLSSH*ROGLQ
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4LJOHUPZTZVM,TV[PVU9LN\SH[PVUPU:VJPHS7OVIPH
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Clinical outcome studies have established the effectiveness of
CBT for social phobia (SP). However, few systematic studies of the
neurobiological mechanisms and neural dynamics of key components of the CBT (e.g., cognitive restructuring) have been conducted.
&ODUL¿FDWLRQRIQHXUDOPHFKDQLVPVRIWKHUDSHXWLFFKDQJHZLOOSURYLGH
valuable knowledge about the nature and limits of neural plasticity and
the implementation of cognitive strategies for modifying distorted interpretations and hyperactive emotional responding in people suffering
form social anxiety. Furthermore, increased understanding of underlying mechanisms of cognitive regulation of emotion will help clarify
why CBT works and allow us to better predict which patient is most
OLNHO\WREHQH¿WIURP&%7RUDQRWKHUW\SHRIWUHDWPHQW
To investigate emotional reactivity and cognitive regulation, we
examined emotion intensity ratings and neural responses using fMRI in
11 generalized SP (diagnosed with the ADIS-IV) and 11 demographically-matched healthy controls (HC) during (a) simple viewing and (b)
active implementation of pre-trained thought strategies to cognitively
down-regulation emotion reactivity to critical face expressions (social
threat) and violent scenes (physical threat). We expected cognitive
regulation to be linked to neural signal increases in prefrontal cortical
(PFC) regions implicated in cognitive control and decreases in emotion
processing regions, including the amygdala (limbic) and orbitofrontal
cortex (paralimbic).
Initial results suggest that SP were more emotionally reactive than
HC to both social and physical threat stimuli as indexed by grater nega-

tive emotion intensity ratings and neural responses in the brain regions
associated with detection of emotion salience and emotion generation
(i.e., amygdala, ventromedial PFC, orbitofrontal cortex, affective division of anterior cingulate). During cognitive regulation of physical
threat, SP and HC did not differ on (a) degree of reduction in negative
emotional intensity, and (b) distributed pattern of active brain regions
implicated in top-down cognitive control. However, during cognitive
regulation of critical face expressions, SP compared to HC demonstrated enhanced cognitive control activity (e.g., dorsolateral, dorsomedial
PFC) without elimination of emotion reactivity related brain activity
(e.g., amygdala, affective division of anterior cingulate, ventromedial
PFC).
These results highlight that while social phobics can regulate nonsocial, physical threat stimuli in a manner similar to HC. However, their
attempts to regulate responses to critical face expressions lead to an
ineffective implementation of cognitive control that fails to “turn off”
HPRWLRQDOUHDFWLYLW\WRVRFLDODQ[LHW\VSHFL¿FVWLPXOL,PSOLFDWLRQVIRU
DVVHVVLQJWKHVSHFL¿FFRJQLWLYHUHVWUXFWXULQJWHFKQLTXHVDQGWKHUHODtionship to severity of social anxiety will be discussed.
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Cognitive models of social phobia propose that cognitive biases
and fears regarding negative evaluation by others result in preferential
attention to interpersonal sources of threat. These fears may account for
the hypervigilance and avoidance of eye contact commonly reported by
clinicians and for the tendency to take an outside observer perspective
of self in social situations as reported by social phobics.
In this talk, we examine the role of eye gaze (direct vs. averted)
DQG VRFLDO SHUVSHFWLYH ¿UVWSHUVRQ YV H[WHUQDO REVHUYHU  RQ HYDOXDtive judgments (like-dislike of self and other) and on neural systems
underlying these psychological processes during functional magnetic
resonance imaging (fMRI). Eleven adults meeting DSM-IV criteria
for generalized social phobia and 11 age, education, gender, and handedness matched healthy control participants not meeting any lifetime
DSM-IV criteria were recruited for this study. A block design (5 face
trials, 3-seconds each) was used to present 30 direct and 30 averted eye
gaze neutral face stimuli (half male, half female) twice, once under each
of the two social perspectives.
Initial results indicate that compared to healthy controls, social
phobics demonstrated in response to averted eye gaze increased neural
signal in brain regions associated with attending to facial details (right
superior temporal gyrus) and assigning emotional salience (orbitofrontal cortex), but decreased neural signal in a brain region associated with
internal verbalization (left inferior frontal gyrus).

For the social perspective manipulation, social phobics failed to
VKRZ WKH QRUPDWLYH ¿UVWSHUVRQ SHUVSHFWLYH UHODWHG HQKDQFHG QHXUDO
response pattern evinced by healthy controls in brain regions linked to
executive attention and cognitive control (dorsal anterior cingulate and
medial prefrontal cortex), emotional salience (orbitofrontal cortex) and
processing of face feature details (inferior temporal gyrus).
An examination of the interaction of eye gaze and social perspective showed that greater social fear (as reported in the Liebowitz Social
Anxiety Scale) was associated (r = .57) with greater neural response
in the left amygdala in social phobics, but not healthy controls, when
viewing averted eye gaze and taking the external observer’s perspective
on self.
These data support the “distorted assumptions about self in social
world” component of cognitive model of social anxiety proposed by
Clark and Wells and identify a neural signature of social anxiety that
may serve as a target for therapy.

9,-,9,5*,:-<5+05.:6<9*,
Talk presented at the annual meeting of the Anxiety Disorders Association of
America 2006
Mind and Life Research Institute, JKW Foundation, and NIH postdoctoral
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Social phobia (SP) is characterized by fear of negative self-evaluation in social situations. Individuals with SP demonstrate a negative bias
in processing of self-relevant information which results in decreased
processing of positive aspects of self. We used fMRI to examine the
neural substrates of positive self-referential processing of social trait
adjectives in 16 individuals who met DSM-IV criteria for a primary
diagnosis of generalized social anxiety disorder and 14 demographically matched healthy adults (HC). During the self-referential encoding task, participants were presented with positive social trait adjectives
for which they were cued to decide if a word was self-descriptive or
was presented in uppercase letters. Behavioral results indicated greater
(F(1,28)=4.97, p<.05, partial eta2=.15) self-endorsement of positive
words in HC (80%) than SP (62%) and no difference in the lower level
FRQWUROFRQGLWLRQZKHUH+&DQG63FRUUHFWO\LGHQWL¿HGDQG
respectively, of uppercase words (p>.26). Neural results demonstrated
greater differential BOLD response (p<.001 per voxel) in HC compared

to SP for the self versus case contrast in regions implicated in self-referential (medial and dorsomedial PFC), linguistic (left inferior frontal
gyrus), affective (bilateral insula, bilateral parahippocampal gyrus, anterior cingulate, oribitofrontal cortex), and visual attention (posterior
cingulate) processing. These results demonstrate both behavioral and
QHXUDOGH¿FLWVLQSRVLWLYHVHOIUHIHUHQWLDOSURFHVVLQJLQLQGLYLGXDOVZLWK
SP and highlight a potentially important brain-behavior relationship
that may serve as a target of treatment outcome in clinical interventions
for social anxiety disorder.
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Emotion regulation strategies are thought to differ in when and
KRZWKH\LQÀXHQFHWKHHPRWLRQJHQHUDWLYHSURFHVV+RZHYHUQRVWXG\
has directly tested this claim by probing the neural bases of contrasting strategies. The present study used fMRI to examine reappraisal (a
cognitive strategy that impacts the emotion-generative process early
and effectively) and expressive suppression (a behavioral strategy
that inhibits the emotion-generative process later and less effectively).
Seventeen women viewed 15s neutral and negative-emotion eliciting
¿OPVXQGHUIRXUFRQGLWLRQV±ZDWFKQHXWUDOZDWFKQHJDWLYHUHDSSUDLVH
negative, and suppress negative - while providing ratings of emotion
experience and having their face expressions videotaped. Reappraisal
resulted in early (0-4.5s) prefrontal activation with decreased negative

emotion behavior and experience, and decreased amygdala and insular activations. Suppression produced late (10.5-15s) prefrontal activation with decreased negative emotion behavior and experience, but
LQFUHDVHGDP\JGDODDQGLQVXODDFWLYDWLRQ7KHVH¿QGLQJVGHPRQVWUDWH
WKH GLIIHUHQWLDO HI¿FDF\ RI UHDSSUDLVDO DQG VXSSUHVVLRQ DQG KLJKOLJKW
intriguing differences in their temporal dynamics.
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Volume changes were found in the thalamus, insular cortex, orbitofrontal cortex, anterior cingulate cortex, and cerebellum. We found
volume increases in CRPS patients in the bilateral thalamus and cerebellum while the insular cortex and orbitofrontal cortex showed volume decreases.
The regions where we found volume differences have been all
been previously implicated in the processing of pain. The thalamic and
cerebellar volume increases might indicate that painful stimulation was
repeatedly processed through these pathways and that this repetition
might induce synaptic changes and gray matter volumes increases. The
volume reductions in the insular cortex and frontal region might indicate that CPRS patients have a loss of inhibition to the rest of the pain
processing circuits of the brain.

Complex regional pain syndrome is a debilitating chronic neuropathic pain condition that is poorly understood. Recent evidence suggests that supraspinal mechanisms may play a role in the generation and
maintenance of CRPS. Previous work has demonstrated volume differences in chronic back pain patients. We used VBM (voxel-based morphometry) with high-resolution anatomical MRI images to investigate
volume differences in the brain’s gray matter between CRPS patients
and pain-free subjects.
With IRB approval, 12 healthy subjects and 9 patients who met
IASP criteria for CRPS were recruited. High-resolution anatomical
scans were collected on a 3T MRI scanner (T1, spin echo). SPM2 and
MRIcro were used for skull stripping, normalization, segmentation,
and detection of volume differences between the patients and healthy
subjects. We implemented ANOVA statistics to detect volume changes
between the two groups, and we then applied t-statistics to determine
whether there were increases or decreases in the areas that showed a
difference.

9,-,9,5*,:-<5+05.:6<9*,
1. A. Vania Apkarian,1 Yamaya Sosa, Sreepadma Sonty, Robert M. Levy, R.
Norman Harden, Todd B. Parrish, and Darren R. Gitelman, Chronic Back Pain
Is Associated with Decreased Prefrontal and Thalamic Gray Matter Density
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fMRI Investigation of Extraversion And Positive Self-Referential Processing In Social Phobia
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Previous studies have shown that abnormal neural responses in
LQGLYLGXDOVZLWKPRRGDQGDQ[LHW\GLVRUGHUVDUHOLQNHGWRVSHFL¿FSHUsonality traits. It is not yet clear, however, how extraversion interacts
with social phobia (SP), which is characterized by fear of self-focused
evaluation in social situations, in shaping neural responses. To examine
this relationship, we assessed extraversion, and gave a positive self-referential processing task during fMRI to 16 individuals who met DSMIV criteria for SP and 14 matched healthy controls (HC). Participants
were presented with positive social trait adjectives. In the self-referential condition, they decided whether a word was self-descriptive; in
the orthographic condition, they indicated whether a word was uppercase. Behaviorally, SP endorsed fewer words (63%) than HC (81%;
F(1,29)=5.52, p<.03); there was no difference in accuracy for uppercase
(SP=97% and HC=99%; p>.26). There was no between-group difference in extraversion (p>.43). However, extraversion was positively
associated with positive word endorsement in HC (r=.57, p<.03), but
not in SP (p>.30). Neurally, within-group t-tests produced similar activations in each group in a distributed network of regions implicated in
self-referential (medial, dorsomedial, and lateral PFC), emotional reactivity (amygdala, ACC, insula, caudate, NAcc), arousal (thalamus), and
visual attention (lingual gyrus, cuneus). The between-group contrast

showed greater BOLD response for self-referential processing in SP
versus HC (voxel p<.001, volume=162mm3) in ventromedial PFC, rostral ACC, bilateral caudate, bilateral lentiform nucleus, and right insula,
as well as right amygdala (p<.005). Among these regions, extraversion
was positively associated with BOLD response in medial PFC (r=.58),
right amygdala (r=.56), and right insula (r=.50) at p<.05 in SP only. In
summary, extraversion differentiated the two groups because it was associated with self-report in HC and neural response in SP. Furthermore,
elevated extraversion in SP was related to exaggerated emotional reactivity during positive self-referential processing, as evidenced by
correlative relationships with affective brain regions. Greater extraversion in some SP may be explained by a mechanism whereby enhanced
neural response in affective regions is upregulated in response to distorted self-view. These data highlight the importance of appreciating
the role of personality in modulating neural responses in individuals
with psychopathology.
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While the development of brain imaging technology has generated
VLJQL¿FDQWSURJUHVVLQFKDUDFWHUL]LQJWKHFRJQLWLYHQHXURVFLHQFHRIDJing (Cabeza, Nyberg, & Park, 2005), little is known about the affective
neuroscience of aging (Knight & Mather, in press). In healthy young
adults, previous functional magnetic resonance imaging (FMRI) studies
have implicated both ventral striatum (nucleus accumbens: NAcc) and
anterior insula activation in the anticipation
of monetary rewards (Knutson, Adams, Fong, & Hommer, 2001;
Knutson, Fong, Bennett, Adams, & Hommer, 2003), and caudate
and anterior insula activation in the anticipation of monetary losses
(Knutson, Adams, Fong, & Hommer, 2001; Knutson, Fong, Bennett,
Adams, & Hommer, 2003; Kuhnen & Knutson, 2005; Paulus, Rogalsky,
Simmons, Feinstein, & Stein, 2003). Prior behavioral work from our
laboratory suggests that both younger and older adults report positive
arousal when anticipating monetary rewards but that only younger (and
not older) adults report experiencing negative arousal when anticipating monetary losses (Nielsen, Knutson, & Carstensen, in prep). Here,
we used FMRI to determine whether younger and older adults differed

in their neural responses to anticipated monetary gain and loss. Results
revealed that while older adults show preserved ventral striatal and
insular activation during gain anticipation relative to younger adults,
they nonetheless show reduced activation of the caudate and anterior
LQVXOD GXULQJ DQWLFLSDWLRQ RI PRQHWDU\ ORVV 7KHVH ¿QGLQJV KDYH LPSOLFDWLRQVIRUXQGHUVWDQGLQJKRZDJLQJPLJKWLQÀXHQFHFRPSRQHQWVRI
decision-making.

9,-,9,5*,:-<5+05.:6<9*,
Neural responsiveness to incentives in younger and older adults. Sasha E.B.
Gibbs, Gregory R. Larkin,
Kabir Khanna, G. Elliott Wimmer, Laura L. Carstensen, Brian Knutson. Poster
presented at the 12th Annual Meeting of the Organization for Human Brain
Mapping.
This research was supported by National Institute on Aging Research Grant
AG022264 and Center on the Demography and Economics of Health and
Aging (CDEHA) pilot grant P30-AG017253, and Center on Advancing
Decision Making for Aging (CADMA) pilot grant P30-AG024957.
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in their neural responses to anticipated monetary gain and loss. Results
revealed that while older adults show preserved ventral striatal and
insular activation during gain anticipation relative to younger adults,
they nonetheless show reduced activation of the caudate and anterior
LQVXOD GXULQJ DQWLFLSDWLRQ RI PRQHWDU\ ORVV 7KHVH ¿QGLQJV KDYH LPSOLFDWLRQVIRUXQGHUVWDQGLQJKRZDJLQJPLJKWLQÀXHQFHFRPSRQHQWVRI
decision-making.

While the development of brain imaging technology has generated
VLJQL¿FDQWSURJUHVVLQFKDUDFWHUL]LQJWKHFRJQLWLYHQHXURVFLHQFHRIDJing (Cabeza, Nyberg, & Park, 2005), little is known about the affective
neuroscience of aging (Knight & Mather, in press). In healthy young
adults, previous functional magnetic resonance imaging (FMRI) studies
have implicated both ventral striatum (nucleus accumbens: NAcc) and
anterior insula activation in the anticipation
of monetary rewards (Knutson, Adams, Fong, & Hommer, 2001;
Knutson, Fong, Bennett, Adams, & Hommer, 2003), and caudate
and anterior insula activation in the anticipation of monetary losses
(Knutson, Adams, Fong, & Hommer, 2001; Knutson, Fong, Bennett,
Adams, & Hommer, 2003; Kuhnen & Knutson, 2005; Paulus, Rogalsky,
Simmons, Feinstein, & Stein, 2003). Prior behavioral work from our
laboratory suggests that both younger and older adults report positive
arousal when anticipating monetary rewards but that only younger (and
not older) adults report experiencing negative arousal when anticipating monetary losses (Nielsen, Knutson, & Carstensen, in prep). Here,
we used FMRI to determine whether younger and older adults differed
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Neural responsiveness to incentives in younger and older adults. Sasha E.B.
Gibbs, Gregory R. Larkin,
Kabir Khanna, G. Elliott Wimmer, Laura L. Carstensen, Brian Knutson. Poster
presented at the 12th Annual Meeting of the Organization for Human Brain
Mapping.
This research was supported by National Institute on Aging Research Grant
AG022264 and Center on the Demography and Economics of Health and
Aging (CDEHA) pilot grant P30-AG017253, and Center on Advancing
Decision Making for Aging (CADMA) pilot grant P30-AG024957.
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Many individuals infected with
fect sizes observed in the other
KXPDQ LPPXQRGH¿FLHQF\ YLUXV
three HIV-infected subgroups
(HIV) also abuse alcohol. Given
- nearly 2 S.D. FA and MD abthat each condition can disrupt brain
normalities in the callosal secstructural integrity, with a predilecWRUVDQG¿EHUV'HJUDGDWLRQRI
tion for white matter, we used MR
the callosal microstructure was
diffusion tensor imaging (DTI) and
consistently associated with
TXDQWLWDWLYH¿EHUWUDFNLQJWRH[DPalcoholism, with evidence for
ine the separate and combined efcompounded alcoholism-HIV
Mean±S.E.M of age-corrected Z-scores of measures of FA and MD from each
fects on the microstructure of the FDOORVDOUHJLRQ OHIW DQGRI¿EHUEXQGOHVDWJHQXDQGVSOHQLXP ULJKW LQWKHIRXU
effects. Functional relevance
corpus callosum. Subjects were
VXEJURXSVRI+,9LQIHFWHGSDWLHQWV
of the microstructural abnormen and women with alcoholism
malities was supported by asalone (N=87), HIV infection alone
VRFLDWLRQVEHWZHHQPRWRUGH¿FLWVDQGORZ)$RUKLJK0'ZLWKLQWKH
(N=42), alcoholism and HIV infection comorbidity (N=52), and nondiagnostic groups. The high prevalence of alcoholism in HIV-infected
affected controls (N=88). The two alcoholism groups had similar lifeindividuals and the interfering effect of alcohol on HIV pharmacologitime alcohol consumption histories; the two HIV-infected groups had
cal response and therapy compliance underscore the need to recognize
similar CD4+ counts and viral loads; all groups were matched in body
the independent and synergistic contributions of each condition to brain
mass index, and no participant was demented. Compared with controls,
structure and function.
all patient groups had lower fractional anisotropy (FA) and higher mean
9,-,9,5*,:-<5+05.:6<9*,
GLIIXVLYLW\ 0' LQFDOORVDOUHJLRQVDQG¿EHUEXQGOHVFRXUVLQJWKURXJK
Sullivan EV, Rosenbloom MJ, Adalsteinsson E, Pfefferbaum A (2006): Effect
WKH JHQX DQG VSOHQLXP HIIHFWV RQO\ VLJQL¿FDQW LQ JURXSV ZLWK DOFRof alcoholism and HIV comorbidity on the macrostructure and microstructure
holism, which exhibited .65 to 1.2 S.D. abnormalities in FA and MD.
of the corpus callosum (abs). Abstract submitted for presentation at 29th
The genu of the corpus callosum was more affected than the splenium,
$QQXDO6FLHQWL¿F0HHWLQJRIWKH5HVHDUFK6RFLHW\RQ$OFRKROLVP%DOWLPRUH
MD, June 24 - 28.
SDUWLFXODUO\LQWKH¿EHUWUDFNV7KH+,9LQIHFWHGVXEJURXSZLWK$,'6
Supported by the National Institute on Alcohol Abuse and Alcoholism
GH¿QHG DV DQ $,'6GH¿QLQJ HYHQW RU ORZ &' FRXQWV   DQG
(AA12999, 12388, and 05965).
alcoholism exhibited abnormalities that were more than twice the ef-
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Many individuals infected with huPDQ LPPXQRGH¿FLHQF\ YLUXV +,9  DOVR
abuse alcohol. Given that each condition
can disrupt brain structural integrity, we
used nonrigid registration and atlas-based
SDUFHOODWLRQPHWKRGV VHH¿JXUH WRFRPpare the volume of the ventricular system
and the cross sectional area of the midsagittal corpus callosum on brain MRIs from
272 subjects in four groups: patients with
HIV infection, with and without alcoholism comorbidity, alcoholics, and controls.
Prior to testing group differences in regional brain metrics, each measure was
7ZRSDVV DWODVEDVHG SDUFHOODWLRQ SURFHVV 2Q OHIW DUH LPDJHV
corrected by regression analysis for sigLQ WHPSODWH VSDFH 2Q ULJKW DUH LPDJHV LQ VXEMHFW FRRUGLQDWH
QL¿FDQW FRUUHODWLRQV ZLWK VXSUDWHQWRULDO VSDFH 3URFHVVLQJ RSHUDWLRQV EHWZHHQ WKH VSDFHV DUH LQ EOXH
ER[HV0XVWDUGFRORUGHQRWHVLQSXWGDWD0DJHQWDGHQRWHVRXWcranial volume and age, observed in 121
SXWSDUFHOODWHGLPDJH)LUVWWKHXQVWULSSHGWHPSODWH05LPDJH
normal control men and women, whose
LVUHJLVWHUHGWRWKHVXEMHFW05LPDJHXVLQJDGHJUHHRIIUHHage spanned six decades. Disregarding
GRPDI¿QHUHJLVWUDWLRQIROORZHGE\DQRQULJLGUHJLVWUDWLRQ7KH
HIV disease severity, we observed a
WUDQVIRUPDWLRQLVDSSOLHGWRWKHWHPSODWHEUDLQPDVNWR\LHOGD
VXEMHFWVSHFL¿FEUDLQPDVNWKDWLVXVHGWRVWULSVNXOOIURPVXEMHFW
graded pattern of modest enlargement of
05LPDJH7KHVWULSSHGVXEMHFWLPDJHLVWKHQUHJLVWHUHGWRWKH
the total ventricular system (.28 S.D. for
VWULSSHGWHPSODWHLPDJH7KHUHVXOWLQJQRQULJLGFRRUGLQDWHWUDQVuncomplicated HIV, .65 S.D. for HIV coIRUPDWLRQLVDSSOLHGWRZDUSWKHWHPSODWHEUDLQSDUFHOODWLRQPDS
morbid with alcoholism, and .72 S.D. for
LQWR VXEMHFW FRRUGLQDWH VSDFH SURGXFLQJ VXEMHFWVSHFL¿F EUDLQ
the alcoholism group). The pattern of calSDUFHOODWLRQERWWRPULJKW
losal thinning showed a similar but small
(~.5 S.D.) graded effect. A different pattern emerged, however, when
HIV severity was considered and also put in the context of alcohol-

ism comorbidity. Much greater volume
abnormalities were present in individuals
ZLWK D SRVLWLYH KLVWRU\ RI DQ$,'6GH¿Qing event or low CD4+ T cell counts (<
200 mm3) irrespective of alcoholism comorbidity, and the effect of HIV severity was disproportionately exacerbated by
alcoholism comorbidity, with 1 S.D. size
GH¿FLWLQWKHJHQXRIFRUSXVFDOORVXPDQG
nearly 2 S.D. greater volume of the frontal and body regions of the ventricles for
the AIDS+alcohol comorbid group. The
substantial effect of the alcoholism-AIDS
interaction on ventricular and callosal dysmorphology and the more modest changes
seen in non-AIDS, non-alcohol abusing
HIV infected individuals highlight the need
to consider alcohol use disorders as a major risk factor for neuropathology among
HIV infected persons.
.
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Sullivan EV (2006): Ventricular enlargement
in HIV infection: The role of alcoholism
comorbidity (abs). Supported by National
Institute on Alcohol Abuse and Alcoholism
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and an increasing category effect, for more anterior ROIs. V1 More anterior and medial ROIs such as pFus displayed both position and object
effects (Position: F(1,2235)=380.03, p<10-10; Object: F(5,740)=6.11,
S  ZLWK D ODUJHU SRVLWLRQ HIIHFW DQG D VLJQL¿FDQW LQWHUDFWLRQ
(F=5.05, p=0.0001). Conversely, ventral LO displayed a stronger object effect (Position: F(1,876)=4.25, p = 0.39; Object: F(5,294)=6.79,
p=10-5) and an interaction between category and position. These results
indicate a surprising dependence on position in ventral cortex, even in
regions with complex category-selective response properties, and imply
that strongly invariant object representations occur either at a small spatial scale, or well anterior to many visual cortical regions.

Human object recognition is mediated by a processing hierarchy in
ZKLFKQHXURQVSRVVHVVLQFUHDVLQJO\ODUJHUHFHSWLYH¿HOGVDQGFRPSOH[
response properties. However, it is unknown whether )or at which stage
of the heirarchy) visual cortex may construct object-centered representations which are invariant to stimulus transformations such as retinotopic translation. We used high resolution (1.5mm voxels, 3 Tesla)
event-related fMRI to measure the response to individual objects at two
retinotopic positions (centered at 4 and 9 degrees from the fovea). We
scanned 5 subjects (3M/2F) on event-related and retinotopic mapping
H[SHULPHQWVDQGGH¿QHGDVHULHVRIUHJLRQVRILQWHUHVW 52,V DFURVV
the ventral stream, spanning visual areas V1, V2v, V3v, V4, VO1, ventral LO, and pFus. Our results indicate a decreasing effect of position,
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Tracking
the
dynamic
sure schemes: continuous excourse of human alcoholism
posure; cycles of 2 weeks on
brain pathology can be accomfollowed by 2 weeks off alcoplished only through naturalistic
hol; and binge drinking in the
study and without opportunity
dark. Brain structures of the
for experimental manipulation.
adult P rats in both the alcoDevelopment of an animal model
hol exposed and water control
of alcohol-induced brain damage,
FRQGLWLRQVVKRZHGVLJQL¿FDQW
in which animals consume large
growth, which was attenuamounts of alcohol following
ated in a few measures in
cycles of alcohol access and dethe alcohol-exposed groups.
privation and are examined reguThe region with the greatest
larly with neuroimaging methods, *UDQGDYHUDJHODWHHFKRLPDJHVLQWKHVDJLWWDO OHIW FRURQDO PLGGOH DQGD[LDO ULJKW  demonstrable effect was the
SODQHVIRUFRQWUROV WRS DQGDOFRKROH[SRVHG ERWWRP DQLPDOV7KHZKLWHDUURZVRQWKH
would enable hypothesis testing
VDJLWWDODQGD[LDOLPDJHVLQGLFDWHWKHVOLFHSRVLWLRQRIWKHFRURQDOYLHZ7KHDUURZRQWKH corpus callosum, measured on
focused on the degree, nature, VDJLWWDOLPDJHSRLQWVWRWKHFRUSXVFDOORVXP
midsagittal images. The P rats
and factors resulting in alcoholshowed an age-alcohol interinduced brain damage and the prospects for recovery or relapse. We reaction different from humans, in that normal growth in selective brain
port the results of longitudinal MRI studies of the effects of free-choice
regions that continues in adult rats was retarded.
chronic alcohol intake on the brains of two cohorts of selectively bred
9,-,9,5*,:-<5+05.:6<9*,
alcohol-preferring (P) rats. In the companion paper, we described the
Pfefferbaum A, Adalsteinsson E, Sood R, Mayer D, Bell RL, McBride WJ, Li
05,DFTXLVLWLRQDQGDQDO\VLVPHWKRGVGHOLQHDWLRQRIEUDLQUHJLRQVDQG
T-K, Sullivan EV (2006): Part II: Longitudinal brain MRI study of the alcoholgrowth patterns in total brain and selective structures of the control rats
preferring (P) rat: Effects of voluntary chronic alcohol consumption. Alc Clin
in the present study. Both cohorts were studied as adults for about one
Exp Research in press.
year and consumed high doses of alcohol for most of the study duraSupported by the Integrative Neuroscience Initiative on Alcoholism (INIA)
from the National Institute on Alcohol Abuse and Alcoholism (AA13521 and
tion. The paradigm involved a three-bottle choice with 0%, 15% (or
AA13522) and by NIAAA AA05965.
20%), and 30 % (or 40%) alcohol available in several different expo-
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Chronic neuropathic pain affects millions of people worldwide
and costs society billions of dollars in direct and indirect medical expenses. While peripheral mechanisms have traditionally been studied,
more recent investigations have implicated central mechanisms as a
VLJQL¿FDQWIDFWRUIRUWKHJHQHUDWLRQDQGPDLQWHQDQFHRIFKURQLFQHXropathic pain. In this study, we used fMRI to investigate neural plastic
reorganization in the primary somatosensory cortex (S1) in a subset of
SDWLHQWVZLWKFKURQLFQHXURSDWKLFSDLQ±WKRVHZLWKFRPSOH[UHJLRQDO
SDLQV\QGURPH &536 :HK\SRWKHVL]HGWKDWWKHUHZRXOGEHVLJQL¿cant cortical shifting of the affected hand representation in patients
with CRPS compared to healthy controls.
We recruited 7 patients who met IASP criteria for CRPS and 8
healthy age and gender matched subjects. We used fMRI to map the
somatotopic location of their hands in the primary somatosensory cortex with tactile stimulation of the thumb of both the affected and unaffected hands, delivered via computer-controlled pneumatic plungers
embedded in a foam glove. High-resolution anatomical and functional

scans were collected on a 3T scanner. SPM2 software was used for coregistration and detection of activation areas in S1 (P<0.05 corrected).
All healthy subjects showed that tactile stimulation of the left and
right thumb activated areas in S1 that were properly located at regions
SUHGLFWHGE\VWDQGDUGQHXURDQDWRPLFDO 3HQ¿HOG GLDJUDPV+RZHYHU
four of the patients’ brain activation patterns demonstrated proper soPDWRWRSLFORFDOL]DWLRQRIWKHXQDIIHFWHGKDQGEXWVLJQL¿FDQWFHSKDODG
shifting of the affected hand. One patient had the activation area of
unaffected side thumb more cephalad. Additionally, two patients unGHUZHQW VXEVHTXHQW VXFFHVVIXO LQSDWLHQW WUHDWPHQW DQG ZHUH VFDQQHG
post-treatment. The fMRI results demonstrated that the affected S1 activation area relocated closer to the height of the unaffected side.
Chronic upper extremity neuropathic pain (CRPS) induces cortical reorganization in the primary somatosensory cortex, thereby validating the theory that central mechanisms play a role. This is also the
¿UVWVWXG\WRGHPRQVWUDWHWKDWWKHVHFRUWLFDOFKDQJHVDUHUHYHUVLEOHZLWK
appropriate therapy.
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through the splenium, and frontal cortex forceps
Animal models of substance dependence can
and lateral bundles through the genu.
IDFLOLWDWH WKH LGHQWL¿FDWLRQ RI ELRORJLFDO PHFKDThe high strength and speed of the insert
nisms underlying the predisposition, development,
gradient
coil allowed for the strong diffusion
and maintenance of addiction. Of particular relgradients
and the short readout time necessary to
evance to human alcohol addiction is brain white
DFTXLUHKLJKUHVROXWLRQ'7,LQWKHUDWEUDLQRQD
matter, which postmortem study has shown is subhuman 3T scanner and to detect major white matject to myelin and cytoskeletal degradation that
ter structures. The short readout time produced EP
may be reversible with abstinence. In vivo human
'7,GDWDZLWKRXWVXEVWDQWLDO%¿HOGLQKRPRJHdiffusion tensor imaging (DTI) studies of alcohol
neity distortion. The method might enable enable
dependence provide evidence for microstructural
¿EHU WUDFNLQJ DQG TXDQWLWDWLYH PLFURVWUXFWXUDO
disruption of white matter not detectible with bulk
interrogation of white matter systems following
volume measures of conventional MRI. Here, we
exposure to neurotoxins, such as excessive alcoreport on the development of an in vivo echo-plahol ingestion or inhalation. A major advantage of
)LEHU EXQGOHV WKURXJK WKH VSOHQLXP JUHHQ 
nar (EP) diffusion tensor imaging (DTI) protocol
RQD7KXPDQ05,V\VWHPHTXLSSHGZLWKDKLJK DQG JHQX UHG  RI WKH FRUSXV FDOORVXP RYHU- employing insert gradient technology is the use of
OD\HGRQWR)$LPDJHV
VLPLODUSXOVHVHTXHQFHVDQG¿HOGVWUHQJWKIRUSUHstrength insert gradient coil for study of rat brain.
clinical and clinical research, thus enhancing the
Healthy adult Wistar rats were scanned in a
translational nature of such research.
FOLQLFDO*(705VFDQQHUHTXLSSHGZLWKDKLJKVWUHQJWKLQVHUWJUDGLHQWFRLO P7P7PV DQGDFXVWRPTXDGUDWXUHELUGFDJHFRLO
9,-,9,5*,:-<5+05.:6<9*,
Imaging was accomplished with an EP DTI protocol for 0.5mm isotropic
Pfefferbaum A, Adalsteinsson E, Sood R, Mayer D, Bell RL, McBride WJ, Li
resolution. Diffusion weighting was applied for b-value=1009 s/mm2 in
T-K, Sullivan EV (2006): Part II: Longitudinal brain MRI study of the alcoholpreferring (P) rat: Effects of voluntary chronic alcohol consumption. Alc Clin
6 noncollinear directions. Fractional anisotropy (FA) images had adExp Research in press.
HTXDWHVLJQDOWRQRLVHUDWLRWRGHWHFWUDWEUDLQZKLWHPDWWHUVWUXFWXUHV
Supported by the Integrative Neuroscience Initiative on Alcoholism (INIA)
)LEHUWUDFNLQJSURGXFHGSLFWRULDO¿EHUEXQGOHUHSUHVHQWDWLRQVVLPLODUWR
from the National Institute on Alcohol Abuse and Alcoholism (AA13521 and
WKRVHVHHQLQKXPDQV7KH¿JXUHVKRZV¿EHUVIRUPLQJSRVWHULRUIRUFHSV
AA13522) and by NIAAA AA05965.

4HNUL[PJ9LZVUHUJL:WLJ[YVZJVWPJ4LHZ\YLTLU[VM.HTTHHTPUVI\[`YPJ(JPK3L]LSZ
PU)PWVSHY+PZVYKLYZ
76>>(5.15(7(765:(03(:<;(29,),**(*/(5+3,93;,9,5*,(2,;;,97:@*/0(;9@(5+),/(=069(3:*0,5*,:(;;/,
)0763(9+0:69+,9:*3050*:;(5-69+<50=,9:0;@:*/6636-4,+0*05,2+,7(9;4,5;6-4,+0*05,<50=,9:0;@6-/(>(00
3
+,7(9;4,5;6-7:@*/0(;9@6?-69+<50=,9:0;@
Animal models of depression and psychopharmacological mechanism of activity have suggested the importance of the gamma-amino
butyric acid (GABA) system in the pathophysiology of mood disorders.
Mood stabilizers have common effects on GABAergic neurotransmission, and antidepressant use has been associated with alterations in
GABAB receptor function. Magnetic resonance imaging provides an
opportunity to noninvasively assess cerebral GABA concentrations in
the anterior paralimbic brain circuits, which have been implicated in
mood disorders.
In 16 bipolar disorder (9 bipolar I and 7 bipolar II disorder) and
six healthy control subjects, magnetic resonance spectroscopy using a
PRGL¿HG*$%$HGLWHGSRLQWUHVROYHGVSHFWURVFRS\ 35(66 VHTXHQFH
(TE 68 milliseconds, TR 1500 milliseconds, 512 averages, total scan
time 26 minutes) consistently yielded a 3.0 ppm GABA peak in an occipital cortex voxel. In 15 bipolar disorder (5 bipolar I, 9 bipolar II,

and 1 bipolar NOS disorder) and six healthy control subjects, spectra
consistently yielded a 3.0 ppm GABA peak in a medial prefrontal / anterior cingulate cortex (MPF/ACC) voxel. The concentration of GABA
was referenced to creatine from an unedited spectrum. Bipolar disorder
subjects tended to have higher GABA/Cr levels than healthy control
VXEMHFWVLQWKH03)$&&7KLVVWXG\LVWKH¿UVWWRUHSRUW*$%$PHDsurements in the anterior paralimbic brain circuit, which is important in
mood disorders.

9,-,9,5*,:-<5+05.:6<9*,
Wang, PW, Sailasuta, N, Chandler, RA, & Ketter, TA. Magnetic Resonance
Spectroscopic Measurement of Cerebral Gamma-aminobutyric Acid
Concentrations in Patients with Bipolar Disorders. Acta Psychiatrica
Scandinavica. April 2006; 18 (2): 120-126.
Abbott Pharmaceuticals and NARSAD
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The alcohol-preferring (P) rat, a
months of the study, corpus callosum
Wistar strain selectively bred to consume
area expanded 36%, cerebellum 17%,
large amounts of alcohol voluntarily, has
and hippocampus 10%, whereas venbeen used as an animal model of human
tricle size was unchanged. Factors
alcoholism for three decades. Heretofore,
affecting growth rate estimates inknowledge about brain morphology has
cluded litter effects, MR image sigEHHQ FRQ¿QHG WR SRVWPRUWHP H[DPLQDnal-to-noise ratio, and measurement
tion. Quantitative neuroimaging proceerror. Unlike longitudinal human
dures make it feasible to examine potential
reports of regional volume declines
longitudinal effects of alcohol exposure in
in aging brain tissue, several brain
vivo, while controlling modifying factors,
structures in adult rats continued
such as age, nutrition, and exercise. To
growing, and some growth patterns
date, few imaging studies have considwere litter-dependent. Determining
([DPSOHVRIHDUO\HFKR OLJKWLQWHQVLW\ DQGODWHHFKR GDUNLQWHQered what morphological changes occur
VLW\ LPDJHVDOLJQHGDQGDYHUDJHGDFURVVWKHUDWVLQ&RKRUW%DQG normal regional growth patterns of brain
with age in the rodent brain, and none has UHVOLFHGLQWKUHHRUWKRJRQDOSODQHVRYHU05,VFDQV
and of the substantial variance exerted
V\VWHPDWLFDOO\DSSOLHGTXDQWLWDWLYHQHXURby litter differences, even in selectively
imaging approaches to measure volume changes in regional brain strucbred rats, is essential for establishing baselines against which normal
tures over extended periods in the adult rat. We used structural MRI in
and aberrant dynamic changes can be detected in animal models of aga longitudinal design to examine two cohorts of adult P rats, never exing and disease.
9,-,9,5*,:-<5+05.:6<9*,
posed to alcohol: Cohort A included 8 rats, 7 of which survived the enSullivan EV, Adalsteinsson E, Sood R, Mayer D, Bell RL, McBride WJ, Li
tire study (578 days) and 4 MRI sessions; Cohort B included 9 rats, all
T-K, Pfefferbaum A (2006): Part I: Longitudinal brain MRI brain study of the
of which survived the study (452 days) and 5 MRI sessions. Growth in
alcohol-preferring (P) rat: Adult brain growth. Alc Clin Exp Research in press.
whole brain volume reached maximal levels by about 450 days of age,
Supported by the Integrative Neuroscience Initiative on Alcoholism (INIA)
whereas body weight continued its gain without asymptote. Growth
from the National Institute on Alcohol Abuse and Alcoholism (AA13521 and
AA13522) and by NIAAA AA05965.
was not uniform across brain structures measured. Over the initial 12

=V_LSIHZLK4VYWOVTL[YPJ(UHS`ZPZVM.YH`4H[[LYPU)PWVSHY+LWYLZZPVU
1<30,*)655,9116/56)9662:00076>>(5.1;,9,5*,(2,;;,917:@*/0(;9@(5+),/(=069(3:*0,5*,:(;;/,
)0763(9+0:69+,9:*3050*:;(5-69+<50=,9:0;@:*/6636-4,+0*05,2=(7(36(3;6/,(3;/*(9,:@:;,4
Previous work with structural brain analysis in bipolar disorder
KDV OHG WR YDULDEOH ¿QGLQJV %UDPELOOD HW DO   7KLV VWXG\ XVHV
software that incorporates the latest methodological advances in voxelbased morphometry (VBM) to assess variations in gray matter density
in a group of medication-free bipolar subjects.
Brain magnetic resonance imaging (MRI) scans were obtained in
33 medication-free, bipolar (12 type I, 21 type II) outpatients and 26
age- and gender-matched healthy controls. Differences in gray matter density between groups were calculated with Statistical Parametric
Mapping software (SPM5).
Bipolar subjects exhibited decreased gray matter density in the
right dorsal lateral perfrontal cortex (DLPFC) and bilateral subgenual
prefrontal cortex (SGPFC). Bipolar subjects exhibited increased gray

matter density in the right inferior frontal gyrus, left inferior and right
middle temporal gyri, the left anterior cingulate/orbitofrontal cortex,
and regions of the parietal cortex.
These data suggest that bipolar subjects have altered gray matter density in anterior paralimbic basal ganglia-thalamocortical circuits
that have been implicated in emotional processing

9,-,9,5*,:-<5+05.:6<9*,
(Brambilla et al 2005; Drevets et al 2000; Soares and Mann 1997).
Bonner JC, Brooks III JO, Wang PW, Ketter TA. Voxel-based morphometric
analysis of gray matter in bipolar depression, in 61st Annual Convention of the
Society of Biological Psychiatry. May 2006. Toronto, Canada.
Stanley Foundation and NARSAD
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In vivo magnetic resonance spectrosVSHFWUD ZHUH DFTXLUHG IURP WZR YR[HOV
copy (MRS) permits non-invasive longitudiWKH ¿UVW FRQWDLQHG PRVWO\ WKH FHUHEHOOXP
nal tracking of brain chemistry changes that
the second the striatum. The voxel size
can accompany aging, drug addiction, and
ZDVPO7KHTXDOLW\RIWKHVSHFWUDDOexperimental manipulations modeling such
lowed evaluation of signals from N-aceconditions. As 3T human scanners have betyl-aspartate (NAA), total creatine (tCr),
come widely available, animal research at
choline containing compounds (Cho), Glu,
WKHVDPH¿HOGVWUHQJWKZLWKWKHVDPHSURWRGlu+glutamine (Glx), myo-inositol (mI),
cols should facilitate preclinical to clinical
and taurine. Signal intensities of NAA,
translational research. Constant Time PRESS
Cho, Glu, and Glx (relative to tCr) were
(CT-PRESS) has been introduced as a method
VLJQL¿FDQWO\KLJKHULQWKHVWULDWXPWKDQLQ
to detect coupled resonances with high sigthe cerebellum.
nal-to-noise by using effective homonuclear
This study demonstrates the feasibilidecoupling. Here, we tested the feasibility of
W\RIXVLQJLQYLYR&735(66WRTXDQWLWDWH
using CT-PRESS optimized for the detection 0HDQ&735(66VSHFWUDIRUUDWVIURPYR[HOVLQWKHFHUHEHOOXP differences in metabolite ratios between
VROLGEOXH DQGVWULDWXP GDVKHGUHG 
of glutamate (Glu) in the rat to dissociate the
the cerebellum and the striatum of the rat
ELRFKHPLFDO SUR¿OH RI WZR EUDLQ UHJLRQV DIbrain. CT-PRESS provides the enhanced
fected by alcohol dependence, the cerebellum and striatum. Our aim
signal separation necessary to reliably measure J-coupled resonances,
was to establish baseline levels of principal metabolites detectable with
such as Glu and mI, in the rat brain at 3T. Establishment of absolute
proton MRS in different brain regions, an essential step for testing anibaseline metabolite concentrations in these brain regions in particular
mal models of drug addiction.
is necessary for animal models of chronic alcoholism, which induces
Six healthy male adult Wistar rats were scanned in a clinical GE
changes in cerebellum and the Glu neurotransmitter system.
7 05 VFDQQHU HTXLSSHG ZLWK VHOIVKLHOGHG JUDGLHQWV DQG D FXVWRP
9,-,9,5*,:-<5+05.:6<9*,
TXDGUDWXUHELUGFDJHFRLO7KHDYHUDJHHFKRWLPH 7( RIWKH&735(66
AA005965, AA012388, AA013521
VHTXHQFHZDVPVRSWLPL]HGIRUWKHGHWHFWLRQRI*OX)RUHDFKUDW

*VY[PJHS7VW\SH[PVU9LJLW[P]L-PLSK,Z[PTH[PVU\ZPUNM490
:,9.,6+<46<305(3@::(()9,>,940*/(3),5:/(*/(996),9;-+6<./,9;@)90(5(>(5+,3
7:@*/636.@+,7(9;4,5;
We describe a method to inteagreement with conventional
grate fMRI data from a wide
estimates for all stimuli used.
range of stimuli into a compact
7KH S5) VL]H ZDV VPDOOHVW
description of visual responLQ9DQGVLJQL¿FDQWO\ODUJHU
sivity. The method estimates
in lateral and ventral occipital
WKH SRSXODWLRQ UHFHSWLYH ¿HOG
cortex. The pRF method re(pRF) of the neuronal popuconstructs the cortical visual
lation within each voxel. We
¿HOG RUJDQL]DWLRQ DW OHDVW DV
used the method to estimate a
accurately as conventional
pRF restricted to be a Gaussian
methods and independent of
UHFHSWLYH¿HOGLQYLVXDOVSDFH
WKH H[DFW VWLPXOXV FRQ¿JXUDdescribed by three paramtion. Furthermore, the method
HWHUV [\SRVLWLRQDQG VL]H 
integrates data from multiple
Convolution of a particular
types of stimuli and can thus
S5)ZLWKWKHVWLPXOXVVHTXHQFH 3RSXODWLRQUHFHSWLYH¿HOGHVWLPDWHVRQWKHFRUWLFDOVXUIDFH7KHS5)VL]H VLJPD DUHSORWWHG provide new information
yields a predicted time-series; RQWKHFRUWLFDOVXUIDFHIRURQHVXEMHFW8VLQJDVLQJOH*DXVVLDQS5)WKHS5)VL]HV\VWHPDERXW FRUWLFDO YLVXDO ¿HOG
the optimal pRF parameters DWLFDOO\LQFUHDVHVIURPSULPDU\YLVXDOFRUWH[ 9aGHJ WRODWHUDODQGYHQWUDORFFLSLWDO sensitivity (e.g. size) within
are estimated for each voxel by UHJLRQV GHJ /LQHVGHOLQHDWHWKHYLVXDO¿HOGPDSVRI9DQGDVWDULQGLFDWHVWKHLU localized portions of visual
IRYHDOUHSUHVHQWDWLRQ
minimizing the residual sum of
¿HOGPDSVDQGFOXVWHUV
VTXDUHVEHWZHHQWKHSUHGLFWLRQDQGWKHI05,WLPHVHULHV:HHVWLPDWHG
the pRF using several types of visual stimuli. The Gaussian pRF re9,-,9,5*,:-<5+05.:6<9*,
Funding provided by NIH EY03164 to BW and LLHF 20005/2BB to SD.
FRQVWUXFWHG PDQ\ FRUWLFDO YLVXDO ¿HOG PDSV ZKLFK ZHUH LQ H[FHOOHQW
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YDVLYHPHWKRGVZRXOGEHDVLJQL¿FDQWFRQWULEXWLRQWRWKHWUHDWPHQWRI
epilepsy by providing both more accurate target regions for resection
DVZHOODVTXDQWLWDWLYHPHWULFVIRUDVVHVVLQJWKHGHJUHHRIZKLWHPDWWHU
deterioration. In addition, successful modeling and localization of neural pathway structures should motivate a parallel basic science effort to
clarify the cellular basis of the macroscopic signals measured using DTI.

Introduction: Behavioral observations show that epileptic seizures
KDYH VLJQL¿FDQW VKRUW WHUP IXQFWLRQDO FRQVHTXHQFHV ODVWLQJ XS WR 
hours following the seizure itself. Many epileptic patients suffer from a
post-ictal paresis that lasts for several hours, and occasionally for a day
or more. It is thought that this post-ictal state correlates with cellular
changes such as edema. Thus measurements using diffusion tensor imDJLQJ '7, GXULQJWKHSRVWLFWDOSHULRGPD\UHYHDOVSHFL¿FGLIIHUHQFHV
in diffusivity, which could be used to aid in the localization of seizure
foci. In addition, long-term, intractable epilepsy causes neuronal death
and eventual sclerosis. Since DTI can measure changes produced by
VXFKVFOHURWLFOHVLRQVDFRPSDULVRQRIWKHFKDQJHVLQWKH¿EHUWUDFWVLQ
patients with long-term epilepsy with those of normal controls may aid
in our understanding of how intractable seizures alter normal cortical
organization.
Methods: We are using whole brain DTI to make measurements of
white matter tract changes in epileptic patients. In this study, we have
WZRVSHFL¿FDLPV  WRXVH'7,WRPHDVXUHSRVWLFWDOFKDQJHVLQGLIfusivity in focal temporal lobe epilepsy (TLE) and (2) to compare the
LQWHULFWDO '7, PHDVXUHPHQWV RI ZKLWH PDWWHU ¿EHU WUDFWV LQ SDWLHQWV
with long-term TLE with those of normal subjects. Thus far, we have
developed basic visualization and statistical software for analyzing DTI
data, and we have collected measurements on two epileptic subjects to
FRQ¿UPWKDWWKLVZRUNLVIHDVLEOH
Conclusion: This work has the potential for both clinical and biological impact. Identifying seizure loci more effectively using non-in-

)LJXUH'7,DQGWUDFWRJUDSK\HVWLPDWHWKHORFDWLRQRIZKLWHPDWWHU¿EHUEXQGOHV IDVFLFOHV LQLQGLYLGXDOSDWLHQWV7KHLVRODWHGEXQGOH \HOORZ LVDSRUWLRQRI
WKH&LUFXLWRI3DSH]7KHFRUSXVFDOORVXPSRVLWLRQLVDOVRVKRZQ F\DQ 

9,-,9,5*,:-<5+05.:6<9*,
American Medical Association
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Background: Converging lines of evidence(Buckner et al., J
1HXURVFL VXJJHVWWKDW$O]KHLPHU¶VGLVHDVH $' WDUJHWVDVSHFL¿F
network of brain regions known as the default-mode network (DMN).
This network includes the posterior cingulate cortex, inferior parietal
cortices, medial prefrontal cortex, and the hippocampus. We previously
GHPRQVWUDWHGWKDWWKHQHWZRUNLVGH¿FLHQWLQ$'SDWLHQWVFRPSDUHGWR
healthy controls (Greicius et al., PNAS, 2004) but its activity in nonAD dementias has not been investigated.
Objective: To determine if DMN activity differs between AD patients and patients with non-AD dementias.
Methods: 18 patients with probable AD, 13 healthy older controls,
and 8 Pick-complex patients (3 frontotemporal dementia 2 semantic
dementia, 3 corticobasal degeneration) underwent two 6-minute resting-state fMRI scans. Smoothed, normalized images were subjected
to independent component analysis. An automated, spatial templatematching procedure was used to select that component from each 6minute scan that most closely matched the standard template of the
'01 *UHLFLXVHWDO31$6 7KHEHWWHU¿W'01FRPSRQHQW
from each subject’s two scans was entered into one-sample and twosample t-tests in SPM2.
5HVXOWV 7KHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV LQ '01 DFWLYLW\
between healthy controls and Pick-complex patients. When compared
WRKHDOWK\FRQWUROV )LJXUH$ WKH$'SDWLHQWVVKRZHGVLJQL¿FDQWO\
reduced DMN activity in the posterior cingulate and left inferior parietal regions. When compared to Pick-complex patients (Figure 1B),
AD patients showed reduced DMN activity in the posterior cingulate.

There were no regions in which DMN activity was greater in AD patients than in the two other groups.
Conclusions: These data demonstrate that DMN activity not only
distinguishes AD patients from healthy controls but also from PickFRPSOH[SDWLHQWV2QJRLQJZRUNZLOOGHWHUPLQHLITXDQWLWDWLYHDQDO\VLV
of DMN activity can be applied at the single-subject level as a non-invasive biomarker of AD.

)LJXUH*URXSOHYHOPDSVRIWKH'01LQ $ FRQWUROVYV$'DQG % 
3LFNFRPSOH[YV$'

9,-,9,5*,:-<5+05.:6<9*,
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tients immediately prior to the MRI scan. Voxel based morphometry
compares gray matter volume by using deformation between the template of the structural MRI image and the raw image obtained from the
scanner. Our method is similar to Good(2001) 6. SPM2 software were
used to analyze the data and create the normalized segmented gray matter density images. The gray matter images were smoothed with 8mm
Gausian kernel. Wethen performed a simple regression between Volume
intensity with FPQ score for evey voxel in the gray matter.
We found area of grey matter volume reduction that correlated negatively with FPQ scores in the posterior cingulate cortex (p<0.05(corrected),
R2=0.977). Apkarian et al reported that chronic back pain patients show
frontal lobe volume reduction. 3 In a view of PCC function, Vogt suggested
WKDWFLQJXODWHGFRUWH[IXQFWLRQLQFOXGHVWKHSDLQVHQVDWLRQVSHFL¿FDOO\UHODWHG
to orientation of the pain and memory. 7 This study provides evidence that
VLJQL¿FDQWYROXPHUHGXFWLRQVLQ3&&JUH\PDWWHUPD\EHLQVWUXPHQWDOLQ

Complex Regional Pain Syndrome(CRPS) is a debilitating neuropathic pain disorder characterized by severe burning pain, abnormal
sweating, hair growth, nail growth, swelling, pathological changes in
bone, and extreme sensitivity to touch. 1 McNeil and Rainwater (1998)
2 have developed the Fear of Pain Questionnaire(FPQ) that measures
fears of pain. Chronic pain patients report elevated levels of fear of
VHYHUHSDLQUHODWLYHWRDFXWHSDLQJURXSVDQGWKHIHDURISDLQXQLTXHO\
SUHGLFWV IHDU RI VSHFL¿F HYHQWV NQRZQ WR HOLFLW SDLQ DQG GLVWUHVV:H
hypothesized that development of chronic pain is associated with structural changes in the brain. Recent evidence suggests that the brain functions play an important role in the chronic pain condition,3,4 however,
there has been no previous investigation into volumetric changes in the
brain related to CRPS. In this study, we used voxel based morphometry5 to investigate the correlation between the volume reduction and
FPQ Score. 2 Nine patients (females, right handed, mean age 39.0
years, SD=9.3) meeting IASP criteria for CRPS were recruited from the
Stanford University Pain Management Center.
'DWD$FTXLVLWLRQ0DJQHWLFUHVRQDQFHLPDJLQJZDVSHUIRUPHGRQ
a GE 3.0 T scanner. A T1-weighted 3D structural MRI of the whole
EUDLQZDVDFTXLUHGRQHDFKVXEMHFWXVLQJD63*5SXOVHVHTXHQFH 
FPQ score: Fear of Pain Questionaire was completed by the pa-

generating spontaneous neuronal activity that is associated with fear of pain.

9,-,9,5*,:-<5+05.:6<9*,
Bruehl, et al., Pain 81, 147-54 (1999)., McNeil, et al., Behav Med 21, 389-410
(1998)., Apkarian, et al., J Neurosci 24, 10410-5 (2004)., Maihofner, et al., Pain
114, 93-103 (2005)., Ashburner, et al., Neuroimage 11, 805-21 (2000)., Good,
et al.,Neuroimage 14, 21-36 (2001)., Vogt, Nat Rev Neurosci 6, 533-44 (2005).
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determined from fMRI activations showed that the ACC was the major
generator of N2b-P3a attention-related components in both modalities,
and that primary sensory regions generated a small mismatch signal
about 50 msec prior to feedback from the ACC and a large signal 60
msec after feedback from the ACC. Taken together, these results provide converging neuroimaging and electrophysiological evidence for
top-down attentional modulation of sensory processing by the ACC.
2XU¿QGLQJVVXJJHVWDPRGHORIDWWHQWLRQDOFRQWUROEDVHGRQG\QDPLF
bottom-up and top-down interactions between the ACC and primary
sensory regions.

$WWHQWLRQDOFRQWUROSURYLGHVWRSGRZQLQÀXHQFHVWKDWDOORZWDVN
relevant stimuli and responses to be processed preferentially. The anterior cingulate cortex (ACC) plays an important role in attentional
control, but the spatiotemporal dynamics underlying this process is
poorly understood. We examined the activation and connectivity of the
ACC using functional magnetic resonance imaging (fMRI) along with
fMRI-constrained dipole modeling of event-related potentials (ERPs)
obtained from subjects who performed auditory and visual oddball attention tasks. Although attention-related responses in the ACC were
similar in the two modalities, effective connectivity analyses showed
PRGDOLW\VSHFL¿FHIIHFWVZLWKLQFUHDVHG$&&LQÀXHQFHVRQWKH+HVFKO
and superior temporal gyri during auditory task and on the striate cortex
during visual task. Dipole modeling of ERPs based on source locations

9,-,9,5*,:-<5+05.:6<9*,
J Cogn Neurosci. 2006 May;18(5):766-80 NIH and Bio-X.
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,QWURGXFWLRQ+056,LVDXVHIXOWHFKQLTXHIRUREWDLQLQJVSDWLDOO\
ORFDOL]HGSUR¿OHVRIPHWDEROLWHVRILQWHUHVWLQWKHEUHDVWEUDLQDQGSURVWDWH+RZHYHU056,XVXDOO\VXIIHUVIURP ,QDGHTXDWHZDWHURUOLSLG
suppression; 2) spectral shifts due to B0 inhomogeneity; 3) spatially
YDU\LQJSKDVHSUR¿OHVDQG FKHPLFDOVKLIWDUWLIDFWV$SXOVHVHTXHQFH
has been designed for use at 3T that utilizes a dualband spatial-spectral
matched phase 90º-180º pulse pair to excite a thin slice. The dualband
VSHFWUDOSUR¿OHRIWKHVHSXOVHVHQDEOHVFRPSOHWHOLSLGVXSSUHVVLRQDQG
partial water suppression so that water may be used as a phase and freTXHQF\UHIHUHQFH8VLQJDPDWFKHGSKDVHSXOVHSDLU\LHOGVD
¿QDOHFKRZLWKDÀDWSKDVHSUR¿OHDQGWKHKLJKHUVSDWLDOEDQGZLGWKRI
spatial-spectral compared to standard spatial pulses (3.5 kHz vs. 1.2
N+] UHVXOWVLQOHVVVHYHUHFKHPLFDOVKLIWDUWLIDFWV7KH¿UVWVHWRISXOVHV
KDYHEHHQGHVLJQHGIRUEUHDVW056,KRZHYHULWLVQRWGLI¿FXOWWRDGDSW
the pulses to the brain or prostate.
Methods and Discussion: Initially a linear-phase 180º dualband spatial-spectral pulse that encompassed choline at 3.2 ppm and suppressed
all lipid resonances was designed. The partial water band was designed
to excite 1% of the water signal at 4.7 ppm. Using the Shinnar Le-Roux
(SLR) algorithm for RF pulse design, each RF pulse can be described
by a pair of complex polynomials (B(kz,kW), A(kz,kW)) or just (B, A).
In order to bring the linear 180º pulse below RF peak power limits, the
roots of the B polynomial that fell outside the unit circle were computed
DQGHYHU\SRVVLEOHURRWÀLSSHGFRQ¿JXUDWLRQZDVWUDYHUVHGWR¿QGWKH
one that resulted in the lowest RF peak power. In order to compensate
WKHQRQOLQHDUSKDVHSUR¿OHLQWURGXFHGE\URRWÀLSSLQJWKHB from the
180º pulse was used to create a phase matched B for the 90º pulse. The

1

¿QDOVSHFWUDOSUR¿OHKDGÀDWSKDVHDQGVXFFHVVIXOO\SDVVHGDSSPEDQG
encompassing the metabolites present in the breast (i.e. choline at 3.2
ppm, creatine at 3 ppm) while suppressing all other resonances.
Conclusions: A matched phase 90º-180º spatial-spectral pulse pair
KDVEHHQGHYHORSHGIRU056,DW7WKDWPDNHVSRVVLEOHÀDWSKDVHSUR¿OHVXVLQJMXVWWZRSXOVHV7KHGXDOEDQGVSHFWUDOSUR¿OHDFKLHYHVFRPplete lipid suppression and partial water suppression.

=RRPHGLQVSHFWUXPIURPDFHQWUDOPPVOLFHRID056VSKHUHSKDQWRPDFTXLUHGDW7DZLWKWKHVWDQGDUG*(735(66VHTXHQFH 7(75
 PV  DQG E ZLWK WKH QDUURZSDVVEDQG PDWFKHGSKDVH 
SXOVHSDLU 7(75 PV 5HVRQDQFHVEHORZ&KRDQG&UH
DUHVXSSUHVVHG

9,-,9,5*,:-<5+05.:6<9*,
Balchandani P, Pauly J, Spielman D. Matched Phase Dualband Spatial-Spectral
90º-180º Pulse Pair for MRSI at 3T. In: Proceedings of the 14th Annual
Meeting of ISMRM, Seattle, WA, USA, 2006.
Lucas Foundation, NIH RR09784, CA48269

/49:4L[HIVSP[L9H[PVZ0UJYLHZL^P[O(NLPU=LY`3V^)PY[O>LPNO[0UMHU[Z

,905=(5)9<::,334(10+409409(52+(50,3:70,34(517(;90*2)(95,:;9,55(:<;*30--,21(40,+,94(53(5+965(3+
(90(.5629(+0636.@27,+0(;90*:3:*/6636-4,+0*05,
Proton magnetic resonance spectroscopy (MRS) is a noninvasive
WHFKQLTXHWKDWTXDQWLWDWLYHO\PHDVXUHVVSHFL¿FPHWDEROLWHVLQYDULRXV
regions of the brain. Normal changes in metabolite ratios near term age
in very low birth weight (VLBW) preterm infants may have diagnostic and prognostic value if they fail to attain term infant levels. The
purpose of this retrospective study was to obtain preliminary data on
normal changes in metabolite ratios between 35 and 43 postmenstrual
age (PMA,weeks) in VLBW preterm infants.
Thirty-six infants scanned between 9/01-9/03 met the inclusion
FULWHULD ELUWK ZHLJKW J JHVWDWLRQDO DJH  ZHHNV DQG VFDQ
age of 35-43 postmenstrual weeks. MRI/MRS was performed on a
1.5 T scanner. Metabolite spectra were analyzed in two regions of interest: 1) combined left and right thalamus and basal ganglia, and 2)
left and right cortex. Choline (Ch), creatine and phosphocreatine (Cr),
and N-acetylaspartate (NAA) peaks were integrated and the ratios of
Ch/Cr, NAA/Cr, and NAA/Ch were calculated. Patients were assessed
at 18-24 months by the Mental Developmental Index (MDI) and the
Psychomotor Developmental Index (PDI) of the Bayley Scales of Infant
'HYHORSPHQW,,)URPWKHLQIDQWVKDGDQRUPDO0',  DQG
KDGQRUPDO3',  

Of the 24 infants with a normal MDI, metabolite ratios were calculated for 12 infants in the thalamus and basal ganglia, and 22 infants in
the cortex. Of the 26 infants with a normal PDI, metabolite ratios were
calculated for 14 infants in the thalamus and basal ganglia, and 24 in the
FRUWH[056GDWDDFTXLVLWLRQZDVLQFRPSOHWHIRUWKHVRPHLQIDQWVDQG
metabolite ratios could only be calculated for 19 infants in the thalamus
and basal ganglia, and 33 infants in the cortex. A positive correlation
was found between postmenstrual age and NAA/Ch in the thalamus and
basal ganglia for infants with a normal MDI (r2 = 0.35, p = 0.04) and a
normal PDI (r2 = 0.36, p = 0.02). No correlation was found in cortex.
The ratio of NAA/Ch in the thalamus and basal ganglia was greater
DWSRVWPHQVWUXDOZHHNVSRVVLEO\UHÀHFWLQJQHXURQDOGHYHORSPHQW

9,-,9,5*,:-<5+05.:6<9*,
Pediatric Research Society, Lucas Foundation, NIH RR09784,
CA48269
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9LK\JLK,JOV;PTL+\HSIHUK:WH[PHS:WLJ[YHS7\SZL:LX\LUJLMVY)YHPU49:0H[;
7)(3*/(5+(50+4:70,34(5119(+0636.@2,3,*;90*(3,5.05,,905.
Introduction: 1H Magnetic resonance spectroscopic imaging (1H
056, LVDXVHIXOWHFKQLTXHIRUPHDVXULQJPHWDEROLWHOHYHOVLQWKHEUDLQ
Dualband spatial-spectral (SPSP) pulses have been designed at 3T for
fully exciting the metabolites of interest, partially exciting water, while
VXSSUHVVLQJOLSLGV+RZHYHULQWKHVHVHTXHQFHVWKH6363SXOVHV
must have nonlinear phase (along the spectral direction) in order to stay
EHORZ5)SHDNSRZHUOLPLWVDQGFRQVHTXHQWO\ERWKSXOVHVLQWKH
PRESS excitation are relatively long. This limits TE to a minimum of
DSSUR[LPDWHO\PV,QWKLVVWXG\WKHXVHRID35(66VHTXHQFHZLWK
only one dualband spatial-spectral linear phase 90º pulse and two stanGDUGVSDWLDOSXOVHVLVSURSRVHGIRUEUDLQ056,7KLVVHTXHQFHSURYLGHVVSHFWUDOVHOHFWLYLW\ZKLOHDOORZLQJVLJQL¿FDQWO\VKRUWHUHFKRWLPHV
WKDQH[LVWLQJ636335(66VHTXHQFHVIRUWKHEUDLQ
Methods and Discussion: A linear phase 90º dualband SPSP pulse
was designed using twenty one linear phase subpulses that could excite
a slice as thin as 5 mm. The passband for the pulse encompassed choline
at 3.2 ppm to NAA at 2.0 ppm while suppressing the lipids at 1.3 ppm
and below. The partial water band was designed to excite 2% of the
ZDWHUVLJQDODWSSP7KH¿QDOSXOVHGXUDWLRQZDVPVUHVXOWLQJ
LQ7( PV$QHTXLYDOHQW35(66VHTXHQFHZLWKPV6363¶V
and a standard spatial 90 would result in a minimum TE = 64 ms. The
dualband SPSP 90º pulse had very low ripple in the metabolite passband
but considerable ripple in the partial water passband. However, since
ZH DUH RQO\ XVLQJ ZDWHU DV D IUHTXHQF\ UHIHUHQFH DQG QRW FRQFHUQHG
with its magnitude, this ripple is tolerable. Phantom and in vivo studies
GHPRQVWUDWHWKDWWKHQHZSXOVHVHTXHQFHDFKLHYHVWKHWDUJHWHGGHVLJQ
parameters.

Conclusion: It can be seen from in vivo data that the linear phase
dualband SPSP 90º pulse successfully suppresses fat when compared to
WKHVWDQGDUG*(35(66VHTXHQFHDWWKHVDPHHFKRWLPH
.

,QYLYRGDWDIURPQRUPDOYROXQWHHU $ DYHUDJHGVSHFWUXPXVLQJVWDQGDUG*(
35(66 7(75   PV  DQG %  DYHUDJHG VSHFWUXP XVLQJ 35(66 VHTXHQFHZLWKGXDOEDQG6363SXOVH 7(75 PV /LSLGVKDYHEHHQ
VLJQL¿FDQWO\VXSSUHVVHG

9,-,9,5*,:-<5+05.:6<9*,
Balchandani P, Spielman D. Reduced Echo Time Dualband Spatial-Spectral
3XOVH6HTXHQFHIRU%UDLQ056,DW7,Q3URFHHGLQJVRIWKHWK$QQXDO
Meeting of ISMRM, Seattle, WA, USA, 2006.
Lucas Foundation, NIH RR09784, CA48269

1

/49:H[;LYT(NLPZUV[7YLKPJ[P]LVM5L\YVKL]LSVWTLU[HS6\[JVTLPU=LY`3V^)PY[O>LPNO[0UMHU[Z
,905=(5)9<::,334(10+409409(52+(50,3:70,34(517(;90*2)(95,:;9,55(:<;*30--,21(40,+,94(53(5+965(3+
(90(.56219(+0636.@27,+0(;90*:3:*/6636-4,+0*05,

Very low birth weight (VLBW) preterm infants are at an increased
risk of neurological abnormalities, including poor cognitive function,
decreased academic achievement, visual disability, hearing impairments, and cerebral palsy. 1H magnetic resonance spectroscopy (MRS),
ZKLFKTXDQWLWDWLYHO\PHDVXUHVVSHFL¿FPHWDEROLWHVLQYDULRXVUHJLRQV
of the brain, has been shown to predict neurodevelopmental outcome
in term, asphyxiated newborns. The purpose of this retrospective study
was to evaluate near term 1H MRS in predicting neurodevelopmental
outcome at 18-24 months in VLBW preterm infants.
The patient cohort was comprised of 36 infants scanned from 9/01 ZKR PHW WKH LQFOXVLRQ FULWHULD ELUWK ZHLJKW J JHVWDWLRQDO
DJHZHHNVDQGVFDQDJHRISRVWPHQVWUXDOZHHNV05,056
was performed on a 1.5 T scanner. Metabolite spectra were analyzed in
two regions of interest: 1) the combined left and right thalamus and basal ganglia, and 2) the left and right cortex. Choline (Ch), creatine and
phosphocreatine (Cr), and N-acetylaspartate (NAA) peaks were integrated and the ratios of Ch/Cr, NAA/Cr, and NAA/Ch were calculated.
Patients were assessed at 18-24 months by the Mental Developmental
Index (MDI) and the Psychomotor Developmental Index (PDI) of the

Bayley Scales of Infant Development II. Based on their MDI and PDI
scores, patients were divided into two outcome groups for each index,
QRUPDO    DQG DEQRUPDO   %DVHG RQ WKH 0', DQG 3', 
 DQG  LQIDQWVZHUHFODVVL¿HGDVQRUPDODQG  DQG
8 (24%) as abnormal, respectively. Unpaired t-tests did not demonstrate
DVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHLQ&K&U1$$&URU1$$&KEHtween infants with normal and abnormal developmental outcome.
Near term MRS did not predict neurodevelopmental outcome in
9/%:SUHWHUPLQIDQWV6SHFL¿FDOO\WKHUDWLRVRI&K&U1$$&UDQG
NAA/Ch were not predictive of Bayley MDI and PDI scores at 18-24
months in our patient cohort in contrast to term infants studied near
birth with asphyxia. Longitudinal studies in VLBW infants are needed
to assess if abnormal developmental changes in MRS are seen in infants
who are at risk for later abnormal outcome.

9,-,9,5*,:-<5+05.:6<9*,
Pediatric Research Society, Lucas Foundation, NIH RR09784, CA48269
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Brain spectroscopic imaging has
PDQFH 7KH IRXU ÀLS DQJOHV IRXQG
been increasingly used in diagnosis and
using the optimization algorithm are
treatment of neuropathologies. Lipid sup110/74/67/162 degrees, and the use
pression is critical for a successful study,
of multiple pulses clearly outperand to achieve whole brain coverage,
formed single pulse implementations.
inversion recovery is often used, despite
The multiple lipid selective pulses
VLJQL¿FDQWPHWDEROLWHVLJQDOORVV$W7
achieved much better lipid suppresIUHTXHQF\ VHOHFWLYH LQYHUVLRQ UHFRYHU\
sion at targeted T1s and were robust
WHFKQLTXHKDVEHHQLPSOHPHQWHGWRDYRLG
under B1 inhomogeniety. In particuthese signal losses. However, suppreslar, in vivo lipid suppression was on
sion is often incomplete due to B1 and
the order of 10 for a single inversion
T1 variations. To address these issues,
pulse and higher than 20 for multiple
D UREXVW OLSLG VXSSUHVVLRQ WHFKQLTXH KDV
ÀLSDQJOHSXOVHV
been proposed and implemented for brain
We have designed and impleMRSI at 3T.
mented a robust method to suppress
A 20 ms long minimum phase lipidOLSLGVXVLQJIUHTXHQF\VHOHFWLYHSXOV,QYLYRVSHFWUDRIUHSUHVHQWDWLYHYR[HOVFFYR[HOVPLQXWHV
selective inversion pulse was designed
es
for a spiral CSI scan at 3T. The
acquisition.
using the Shinnar-Le Roux algorithm. To
effectiveness of this multiple pulse
account for B1 inhomogeneity and different T1s of lipid spins, four
method is demonstrated on an in vivo scan. It showed improved supVXFKSXOVHVPVDSDUWZLWKGLIIHUHQWÀLSDQJOHVZHUHXVHG7KHIRXU
SUHVVLRQFRPSDUHWRVLQJOHIUHTXHQF\VHOHFWLYHLQYHUVLRQUHFRYHU\DQG
GLIIHUHQWÀLSDQJOHVZHUHIRXQGE\PLQLPL]LQJWKHPD[LPXPDEVROXWH
undisturbed metabolite spectra.
value of residue longitudinal lipid magnetization at the time of exci9,-,9,5*,:-<5+05.:6<9*,
tation for three different T1s, 170/260/280 ms, and ±10 percent B1
³5REXVWOLSLGVXSSUHVVLRQXVLQJPXOWLSOHIUHTXHQF\VHOHFWLYHSXOVHVIRUEUDLQ
inhomogeneity.
VSHFWURVFRSLFLPDJLQJDW7´,6050WKVFLHQWL¿FPHHWLQJSURFHHGLQJV
Simulations and experimental results showed excellent perforLucas foundation, NIH RR 09784, CA 48269

8\HU[P[H[P]L+)YHPU49:0^P[O7OHZLK(YYH`(JX\PZP[PVU
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Brain 1H magnetic resonance
suppression, 32/32/16 matrix size,
spectroscopic imaging (MRSI) has
FFYR[HOVDQGPLQXWHDFTXLVLWLRQ
EHHQ VKRZQ WR KDYH VLJQL¿FDQW GLtime at 1.5T. The signal from each of
agnostic and treatment assessment
the 8 RF coils was reconstructed invalue. To achieve the goals of short
dependently. Phased spectra for each
LPDJLQJ WLPHV DQG UREXVW TXDQWL¿voxel from each coil were combined
cation, we implemented a 3D MRSI
according to water peak values to
VHTXHQFHDW7ZLWKGXDOEDQGVSHFachieve maximum SNR. Spectra were
tral-spatial excitation, spiral k-space
then passed to the LCModel software
readout, 8-channel phased-array acSDFNDJHIRUTXDQWL¿FDWLRQ
TXLVLWLRQYR[HOE\YR[HOSKDVLQJDQG
3KDQWRPDQGLQYLYRGDWDYHUL¿HG
DXWRPDWHGTXDQWL¿FDWLRQ
the excellent performance of the pulse
A spectral-spatial 90 degree RF
VHTXHQFH DQG GXDOEDQG 5) SXOVH ,Q
pulse and two identical dualband
vivo spectra were well phased and the
spectral-spatial 180 degree pulses
standard deviation values associated
were incorporated into a PRESS sewith metabolite peaks indicated the
TXHQFH WR IRUP D VSLQ HFKR 7KH 
reliability of the LCModel estimation
degree pulse is designed to fully ex- ,Q YLYR VFDQ ZLWK VSHFWUD DQG WKHLU /& PRGHO ¿WV IURP UHSUHVHQWDWLYH DQGTXDOLW\RIVSHFWUD
cite both water and metabolites and YR[HOV
To our knowledge, this is the
the dualband 180 pulse is designed to
¿UVW GHPRQVWUDWLRQ RI KXPDQ EUDLQ
fully excite metabolites resonances from Choline to NAA, partially ex1.5T 1H MRS using spiral imaging
cite water, while suppressing lipids signals. During readout, spirals with
and a phased-array coil.
4 interleaves were played out for spatial and spectral encoding. The
9,-,9,5*,:-<5+05.:6<9*,
¿QDOLPDJLQJVHTXHQFHKDVWKHIROORZLQJFKDUDFWHULVWLFVRXWHUYROXPH
,6050WKVFLHQWL¿FPHHWLQJSURFHHGLQJV
Lucas foundation, NIH AG18942, CA 48269, RR 09784
suppression, dualband spectral-spatial PRESS excitation, partial water
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9(+0636.@2,3,*;90*(3,5.05,,905.3<*:-9(+0636.@
Pediatric neurospectroscopy provides
In vivo studies demonstrated excelXQLTXHLQIRUPDWLRQUHJDUGLQJWKHPHWDEROlent results with SNRs exceeding that from
ic variations during normal and abnormal
adults. Metabolite values were recorded
brain development. Spectroscopic imagfrom the CST beginning at the precentral gying can add to this feature by providing torus lateral to the centrum semiovale and endpologic information, but rapid scan times
ing at the cerebral peduncle region. NAA/
are needed for clinical feasible protocols.
Cho showed a linear trend in the change of
We have thus developed a 6 min 3D MRSI
metabolite ratios for the CST given this age
clinical protocol to study. The clinical goal
range. Further data collection is needed to
is to understand the metabolic differences
FRQ¿UPWKLVWUHQG5HJDUGOHVVWKHDELOLW\WR
in subjects with motor dysfunction by anaanalyze spectra from the whole CST pathlyzing metabolite levels in the corticospiZD\ DQG RWKHU SDWKZD\V  LV XQLTXH XVLQJ
nal tract (CST).
spectroscopic imaging.
$ ' 056, VHTXHQFH ZDV GHYHORSHG
We have developed a robust 3D MRSI
using PRESS excitation in combination with
WHFKQLTXH IRU SHGLDWULF QHXURLP 1$$&U
a spiral based readout gradient for use at 3T.
ratios computed from the cortical spinal
1$$&UUDWLRVFRPSXWHGIURPWKHFRUWLFDOVSLQDOWUDFWVRI
A dualband spectral spatial spin echo pulse
tracts of 3 controls and 5 children with moFRQWUROVDQGFKLOGUHQZLWKPRWRUGHOD\.
for 3T neuro applications, designed to excite
tor delay.
only 1% of the water signal and suppress lipids while passing the NAA, Cr,
9,-,9,5*,:-<5+05.:6<9*,
and Cho resonances was used. Data collection using a 8 channel receiver
D. Kim, M. Gu, C. Cunningham, A. Chen, F. Baumer, O. Glenn, D. Vigneron,
coil provided increased signal to noise ratio (SNR). Overall, the following
D. Spielman, and J. Barkovich, Fast 3D Pediatric Brain MRSI, Proc ISMRM,
MRSI parameters were used for data collection; 3T, TR/TE = 1500/130 ms,
14th Annual Meeting, Seattle, 2006., M. Gu, D. Kim, and D. Spielman,
[[PDWUL[FFVSDWLDOUHVROXWLRQPLQVFDQWLPH4XDQWL¿FDWLRQ
4XDQWLWDWLYH'%UDLQ056,ZLWKSKDVHGDUUD\DFTXLVLWLRQ3URF,6050WK
was performed by measuring voxels corresponding to the CST and incoporAnnual Meeting, Seattle, 2006.
NIH RR 09784, RR01271, NS40117 and NS46432,
DWLQJWKLVLQWRWKH/&0RGHO¿WWLQJSURFHGXUH

-HZ[4L[HIVSPJ0THNPUNMVY:`Z[LTZ^P[O:WHYZL:WLJ[YH
1
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pared to phase-encoded CSI (FIDCSI). Metabolic
The development of hyperpolarized, metamaps of all four resonances for 3-shot spCSI and of
bolically active MRI agents presents both unprecePPE1 and PPE2 for single-shot spCSI demonstrate
dented opportunities as well as new technical chalsimilar resolution and localization properties as the
lenges. While it theoretically permits in vivo imagFIDCSI images. Metabolic maps of Ala and Lac
ing of not only the substrate, but also downstream
for single-shot spCSI contain minor artifacts due to
metabolic products, the decay of the longitudinal
signal overlap of aliased resonances.
PDJQHWL]DWLRQ GHPDQGV IDVW DFTXLVLWLRQ VFKHPHV
This work demonstrates that spectral underThe need for speed in combination with the sparse
VDPSOLQJ FDQ EH XVHG WR UHGXFH 7DFT RI VS&6,
spectra which can occur in the application of hyfor systems with sparse spectra. When applying
perpolarized 13C metabolic imaging makes spiral
WKLV WHFKQLTXH WR K\SHUSRODUL]HG & PHWDEROLF
chemical shift imaging (spCSI) an ideal candidate
imaging, the TR can be reduced to the minimum
for this application.
WLPHQHFHVVDU\IRUH[FLWDWLRQDQGGDWDDFTXLVLWLRQ
7KH LPSOHPHQWHG VHTXHQFH H[SORLWV VSDUVH
therefore, allowing a sub-second temporal resoluspectra and prior knowledge of resonance fre0HWDEROLFPDSVRI$OD D /DF E 33( F 
tion. Artifacts due to the aliasing can potentially be
TXHQFLHV WR UHGXFH WKH PHDVXUHPHQW WLPH E\ XQDQG33( G UHFRQVWUXFWHGIURPVLQJOHVKRW
reduced by using the prior knowledge of resonance
dersampling the data in the spectral domain. As a
IUHTXHQFLHVVFDODUFRXSOLQJFRQVWDQWVDQGWUDQVYHUVHUHOD[DWLRQWLPHV
FRQVHTXHQFH PXOWLSOH UHFRQVWUXFWLRQV RI D JLYHQ GDWD VHW KDYH WR EH
DQG HVWLPDWLQJ WKH UHODWLYH DPSOLWXGHV ZLWK D PLQLPXP OHDVWVTXDUHV
FRPSXWHGLQZKLFKRQO\FRPSRQHQWVZLWKIUHTXHQFLHVZLWKLQDFHUWDLQ
solution.
bandwidth are reconstructed “in-focus” while other are severely blurred
³VSHFWUDOWRPRV\QWKHVLV´ 7KHVHTXHQFHZDVWHVWHGDW7RQDSKDQtom containing solutions of alanine (Ala), lactate (Lac), and pyruvate9,-,9,5*,:-<5+05.:6<9*,
pyruvate hydrate C1-C2 ester (with two resonances, PPE1 and PPE2)
D. Mayer, Y.S. Levin, R.E. Hurd, G.H. Glover, D.M. Spielman “Fast Metabolic
DWWKHUPDOHTXLOLEULXPSRODUL]DWLRQDOOHQULFKHGWR&LQWKH&
Imaging of Systems with Sparse Spectra: Application for Hyperpolarized 13C
carbonyl positions. Spiral CSI with a single spatial interleaf (singleImaging”, Magn. Reson. Med., accepted.
RR009784, CA048269, AA012388
shot spCSI) and 3 interleaves (3-shot spCSI), respectively, were com-
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Introduction: Hyperpolarized 13C enables
high resolution imaging in which an injected
compound and its downstream metabolites can
EHLGHQWL¿HG5DSLGLPDJLQJLVQHFHVVDU\GXHWR
T1 signal decay. Although the spectral bandwidth
is large, the sparse spectrum can be exploited
by spectral undersampling using methods such
as spiral CSI (spcsi). Conventional reconstruction (CR) involves performing a 1D FFT in kf to
separate the metabolites. We propose an alternate
UHFRQVWUXFWLRQWHFKQLTXHEDVHGRQDOHDVWVTXDUHV
(LS) algorithm.
Methods and Discussion: For a spectrum
containing known peaks, spiral CSI in which a
single k-space trajectory is repeated for a total of
M echoes, the signal for each kx, ky point can be
written in matrix form y = Am, where y is a vector corresponding to the M observations, m is a
vector describing the spectral components of the
point. Information about the peaks, such as chemical shifts and J-couplings are included in A. LS
methods can be used to solve for y for each k-space
point, and gridding performed to obtain metabolic
images. Optimal TE values, subject to FOV and
resolution constraints, can be obtained using the
condition number of A.

7KH¿JXUHGHSLFWVPHWDEROLFLPDJHVIURP
WKH SKDQWRP ZLWK FRORU RYHUOD\ DOD JUHHQ
33( UHGODF EOXH IRUHDFKRIGLIIHUHQWUHFRQVWUXFWLRQV DH  D ¿GFVL GDWD ZLWK /6 UHFRQ E  VSFVL  HFKRHV /6 UHFRQ F VSFVL
 HFKRHV &5  G VSFVL  HFKRHV /6 UHFRQ
H VSFVL  HFKRHV &5 7KH FHQWUDO UHJLRQ
ZDVFXWRXWRIWKHLPDJHVIRUGLVSOD\)RUWKH
&5 WHFKQLTXH IRXU VHSDUDWH SHDNV DUH UHFRQVWUXFWHG UHVXOWLQJ LQ IRXU VHSDUDWH PHWDEROLF
LPDJHV2QO\RQHRIWKH33(SHDNV +] LV

Simulations were performed for a set of peaks
corresponding to 13C1 lactate, 13C1 alanine,
13C1 pyruvate and 13C bicarbonate. Phantom
measurements (three tubes of 1.5M 99% enriched
13C1 ala, lac, and a pyruvate ester (PPE)) were
then performed on a GE 3T MR scanner. The
performance of the LS reconstruction exceeded
that of conventional reconstruction as seen in
lower amounts of ala detected in the lac ROI, lac
detected in the ala ROI, and ala detected in the pyr
ROI. Additionally, performance of the LS recon
with 8 echoes was comparable to performance at
21 echoes.
Conclusion: The LS reconstruction techQLTXH DOORZV IRU RSWLPL]DWLRQ RI WKH DFTXLVLWLRQ
parameters as well as for elimination of artifacts in
reconstructed images. For the FOV and resolution
used here, our results imply that metabolic images
can reliably be obtained in <85 ms.

9,-,9,5*,:-<5+05.:6<9*,
Proceedings of the 14th Meeting of the International
Society of Magnetic Resonance in Medicine. Seattle,
2006.
)XQGLQJVRXUFH±/XFDV)RXQGDWLRQ1,+55
and CA048269

;^V+PTLUZPVUHS=HYPHISL+LUZP[`:WPYHS9-,_JP[H[PVU
3,=05@:70:(503117(<3@142:70,34(5+411+,7(9;4,5;:6-9(+0636.@(5+2,3,*;90*(3,5.05,,905.
Two-dimensional excitation pulses have
found numerous uses in MR imaging. Variabledensity (VD) 2-D spiral excitation has been investigated as a way to shorten the duration of excitation pulses and limit RF power deposition. This
work proposes a simple method to accomplish
this task.
The algorithm optimizes the excitation kspace trajectory for variable-density spirals by approximating the trajectory by concentric circles.
Because a circle is radially symmetric, its Fourier
transform is also radially symmetric and can be
expressed one-dimensionally as a Hankel transform. The “circle approximation” was used to
design a 10-turn inversion pulse with a width of 1
cm and a 15-turn an excitation (90º) pulse.
Simulations: Variable density trajectories
were described by a polynomial. A global search
ZDV SHUIRUPHG DQG WKH SRO\QRPLDO FRHI¿FLHQWV
yielding the minimum peak sidelobe height over
all trajectories was used in designing the pulse. In
order to test the accuracy of the circle approximation, the forward SLR transform was performed
for each of the corresponding spiral trajectories,
and the maximum sidelobe height was recorded
and compared to the value obtained from the

circle approximation.
Implementation: Inversion and excitation
pulses (both uniform density (UD) and VD) were
implemented on our 1.5 T GE (Signa) scanner.
(1) 10-turn inversion pulse: Cylindrical
phantom of diameter 20 cm; FOV/Matrix/TR =
36cm/128X128/2; TI was set to null the mainlobe signal.
(2) 15-turn VD excitation (90º) pulse:
Cylindrical phantom of diameter 26.4 cm; FOV/
Matrix/TR = 36cm/128X128/2. Readouts for all
images were performed with 4-interleaf spirals.
Conclusion: The “circle approximation” allows for fast and accurate optimization of the excitation k-space trajectory, with an 80% reduction
in peak sidelobe height for the 1-cm inversion
SXOVHLQYHVWLJDWHGKHUHDQGVLJQL¿FDQWUHGXFWLRQ
of sidelobe in the excitation pulse as well. This
likely makes it possible to allow the sidelobe to
DOLDVLQVLGHWKH¿HOGRIYLHZ
7KH¿JXUHGHSLFWVWKHLPDJHVREWDLQHGIURP
WKH H[FLWDWLRQ H[SHULPHQW ZLWK 8' RQ WKH OHIW
DQG9'RQWKHULJKW7KH¿UVWURZLVZLQGRZHG
DWIXOOVFDOHZKLOHWKHVHFRQGDQGWKLUGURZVDUH
ZLQGRZHGDW;DQG;UHVSHFWLYHO\
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Introduction: High inMicroscopically, both HIFU
tensity ultrasound (HIFU) and
and cryo lesions have relacryosurgery, both valuable
tively distinct zones of injury
treatments for prostate cancharacterized by severe damcer, represent opposite ends
age surrounded by the TZ,
of the minimally invasive
where damage to glands and
temperature based therapies.
interstitial vasculature is less
However, in many respects,
severe or sublethal. The TZ in
both types of thermally-inturn merges irregularly with
duced lesions appear similar
the normal, untreated glands.
on MR images. For example,
Prostatic glands subjected to
both types of thermal lesions
severe cold temperatures in
)LJXUH,PDJHVRIFDQLQHSURVWDWHWUHDWHGZLWKHLWKHUFU\RVXUJHU\ $' RU+,8) () 
lack contrast enhancement 7KHFRDJXODWHGWLVVXH &RDJ DQGKHDW¿[HGWLVVXH +) GRQRWHQKDQFHZLWKJDGROLQLXP
the center of the cryosurgery
after injection of the contrast ZKLOHWKHWUDQVLWLRQ]RQHV 7= LQWKHSURVWDWHVWUHDWHGZLWKERWKWKHFU\RVXUJHU\DQG+86DUH -“ice-ball” undergo total coagent gadolinium (Fig. 1, A HQKDQFHGRQ05
agulation with loss of gland
and E). Therefore, in order to
structure, gland remnants
optimize these MRI monitored treatments, this study was conducted to
¿OOHGZLWKHRVLQRSKLOLFFRDJXODWHGFHOOGHEULVQXFOHDUO\VLVDQGH[WHQcompare the acute histopathology of HIFU and cryosurgery-induced lesive interstitial hemorrhage (Fig. 1, D). In contrast, the most intensely
sions in the dog prostate model, and to correlate patterns of tissue injury
KHDWHG]RQHVZLWKLQWKH+,)8WUHDWHGUHJLRQVXQGHUJRKHDW¿[DWLRQDQG
with contrast-enhanced MR imaging.
maintain histologically “normal’ appearing glands lined by epithelium
Methods: Studies using either transurethral or interstitial ultrasound
that appears to be minimally altered (Fig. 1H). Irreversible cell death
probes (n=6) or transperineal cryoprobes (n=4) were used to ablate tarDQGYDVFXODUGHVWUXFWLRQLQWKHFRDJXODWHGFU\ROHVLRQVDQGWKHKHDW¿[HG
get regions within the prostates of 10 dogs. Following treatment, dogs
zones in the HIFU lesions appear similarly as hypointense areas in the
were euthanized and the prostates were harvested, sliced, and stained
contrast-enhanced MR images. Areas of variable, sublethal or partial
with triphenyl tetrazolium chloride (TTC), a vital dye that stains vitissue injury to glands and blood vessels result in uptake of gadolinium
DEOHWLVVXHVUHG77&VWDLQHGSURVWDWHVZHUHWKHQ¿[HGLQEXIIHUHG
on contrast enhanced MR images in the TZ of both.
neutral formalin, processed for routine histopathology and stained with
Conclusions: Contrast-enhanced MR images, TTC staining and
Hematoxylin and Eosin (H&E). Oversized glass slides with complete
detailed histopathological analysis of HIFU and cryosurgery-induced
transverse sections of prostate were scanned at 2400 dpi resolution on a
lesions in a canine prostate model can provide a reliable means of preÀDWEHGVFDQQHUIRUFRPSDULVRQZLWK77&VWDLQHGZHWWLVVXHVDQGFRQdicting cell death in desired target areas. The implication of this work
trast-enhanced MR images. Histopathology of the lesions was analyzed
is that areas lacking contrast enhancement are lethally ablated, while
DWKLJKPDJQL¿FDWLRQ
WKHDUHDVZLWKSDUWLDORUIXOOFRQWUDVWHQKDQFHPHQWUHTXLUHIXUWKHUWUHDWResults: The pathology of the prostatic lesions induced by HIFU
ment. Understanding the patterns of acute tissue injury that correspond
vs cryotherapy differs in several respects. Grossly, prostates treated
to in vivo MR images should improve clinicians’ ability to accurately
ZLWK +,)8 GHYHORS OHVLRQV WKDW DUH ¿UP GLVFUHWH GU\ JUD\ UHJLRQV
predict the success of these minimally invasive cancer therapies.
sunken below the gland cut surface. Cryolesions are dark red, moist,
soft, slightly mucinous, and do not retract beneath the cut surface.
)ROORZLQJ77&VWDLQLQJFU\ROHVLRQVDUHGLI¿FXOWWRGLVWLQJXLVKIURPWKH
surrounding red-stained viable tissue whereas thermal lesions sharply
contrast with untreated gland (Fig.1, B, and F). Thin zones of pale TTCstained tissue, referred to as the transition zone (TZ), borders the le9,-,9,5*,:-<5+05.:6<9*,
sions created by both treatments. These areas correlate to hyperintense
Proceedings of 14th ISMRM, Seattle, Washington, 2006, p. 199
NIH RO1 CA 111891, NIH P41 RR009784, NIH RO1 CA077677.
lesion borders on contrast- enhanced MR images (Fig. 1, A and E).
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0TWYV]LTLU[ZPU3PUL:JHU+PMM\ZPVU>LPNO[LK0THNL9LJVUZ[Y\J[PVU^P[OH3LHZ[5VYT(SNVYP[OT
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VXPPHGWRIRUPRQHOHPHQWLQWKHDFTXLUHGLPDJH0OVGL,WFRXOGEH
VLPSOL¿HGDVRQHPDWUL[RSHUDWLRQ0OVGL $é0i. A is known when
imaging parameters were set, and A is a fat matrix. This condition is
called underdetermined, and there are many solutions for Mi. Assuming
A is full rank, one of the solutions is the least norm solution Mln =
$7 $$7 0OVGL$Q/6',LPDJHVZDVDFTXLUHGRQWKH76LJQD63
RSHQ05,V\VWHPDQGDQ/1LPDJHZDVJHQHUDWHGIURPWKHDFTXLUHG
LSDI image using the least norm method.
Improved image resolution can be appreciated around the highresolution structures ( arrow and arrow head) in the LN reconstructed image in Fig (b). One application of the LN method is to recover
dropped lines. These arise from intraview motion in the presence of
diffusion weighted gradients. In Fig (c), two lines are manually taken
out to simulate the motion artifact. Compared to the previous example,
WKLV HTXDWLRQ LV IXUWKHU XQGHUGHWHUPLQHG7KH OHDVW QRUP PHWKRG FDQ
recover these two lines as shown in Fig (d).
,QWKLVZRUNZHSUHVHQWDWHFKQLTXHXVLQJWKHOHDVWQRUPDOJRULWKP
WRLPSURYHWKHLPDJHTXDOLW\RIOLQHVFDQGLIIXVLRQLPDJLQJ7KHPHWKod can be used to obtain high resolution in the reconstructed image, or
to remove the motion artifact in LSDI. Future work includes detailed
analysis of the noise characteristics in the LN reconstructed image and
in vivo applications.

/LQHVFDQLPDJH D DQGLWVOHDVWQRUPVROXWLRQ E 7KHLPDJHUHVROXWLRQZDV
HQKDQFHG F  0L¶ ZDVREWDLQHGE\VHWWLQJWZROLQHVLQ D WR]HUR7KHOHDVW
QRUPVROXWLRQ0OQ¶ZDVFDOFXODWHGDQGWKHUHVXOWRI$é0OQ¶ZDVVKRZHGLQ
G 7KHWZRPLVVLQJOLQHVZHUHVXFFHVVIXOO\UHFRYHUHGDVFRPSDUHGWR D 

Line scan diffusion imaging (LSDI) has been shown to be relatively
insensitive to motion artifacts as it is insensitive to view-to-view motion.
However, the LSDI image is inherently blurred in the line scan direction
due to its approximately triangular shape point spread function (PSF). In
this work, we propose using a least norm (LN) algorithm to increase the
UHVROXWLRQRIOLQHVFDQLPDJHVZLWKRXWUHTXLULQJXOWUDWKLQVOLFHV
Conventional 2DFT image can be represented by a matrix Mi,
each element of Mi could be approximated as the amplitude of all the
PDJQHWL]DWLRQZLWKLQWKDWYR[HO6LJQDODFTXLVLWLRQLQ/6',FRXOGEH
viewed as several elements in one row of Mi are selected, weighted and

9,-,9,5*,:-<5+05.:6<9*,
14th ISMRM (2006), #2948
NIH R21EB003170, R01 CA092061, R01 CA077677, R01 CA111981, P41
RR009784

0U]LZ[PNH[PVUVM+>0[V,]HS\H[L7YVZ[H[L;OLYTHSHUK*Y`V3LZPVUZ
105.*/,5)9<*,3+(50,32+655(4)6<3,@3.9(/(4:644,92204)<;;:7(<3@2
+,7(9;4,5;:6-1,3,*;90*(3,5.05,,905.29(+0636.@(5+3*647(9(;0=,4,+0*05,
about 39% in the core of the lesions after the treatment. The difference
EHWZHHQWKHYLDEOHDQGQHFURWLFWLVVXHZDVVLJQL¿FDQW S 7KHUH
was no distanct difference between thermal and cryo lesions in ADC
trace value.

Contrast enhanced MRI (CE) is the current “gold standard” for
in vivo acute lesion evaluation method in MRI. However, CE involves
contrast material administration and cannot be repeated within one procedure. On the other hand, diffusion-weighted MRI (DWI) has been
shown promising to evaluate the acute cryolesion in vivo. The goal of
this work is to further investigate the use of DWI to estimate the cell
viability immediately after thermal or cryo treatments.
All animal experiments were approved by the Administrative
Panel on Laboratory Animal Care. Diffusion weighted imaging was
performed in nine canine prostates with MRI-guided high intensity ultrasound thermal therapy (4 cases) or cryoablation (5 cases). All MR
LPDJLQJZHUHDFTXLUHGRQWKH76LJQD63RSHQ05,V\VWHP *(
Milwaukee, WI). Line scan diffusion weighted images (LSDI) were acTXLUHGEHIRUHWKHWKHUDS\DQGLPPHGLDWHO\DIWHUWKHSURVWDWHVUHWXUQHG
to body temperature. Later, the dogs were euthanized and sliced prostate
samples were incubated in a 1% triphenyl tetrazolium chloride (TTC)
solution. According to the TTC staining result, regions of interest (ROI)
were chosen completely within the necrotic tissues and viable tissues.
The ADC values of these two types of tissue were measured.
Both thermal/cryo necroses appeared as low signal intensity on the
ADC trace map. The pre-treatment normal canine prostate tissue had an
$'&YDOXHRI  éPPVHFRQG$IWHUWKHWUHDWPHQWWKH
ADC value of the necrotic tissue dramatically decreased to (1.02±0.09)
éPPVHFRQGZKLOHWKHSRVWWUHDWPHQWEXWYLDEOHWLVVXHLQFUHDVHG
WR   é PPVHFRQG ,Q JHQHUDO WKH $'& GHFUHDVHG

$'&WUDFHPDS DG FRQWUDVWHQKDQFHGLPDJHV EH DQG77&UHVXOWV
FI &RUUHVSRQGLQJWKHUPDO DEF DQGFU\R GHI OHVLRQVFRXOGEH
VHHQLQDOOWKUHHLPDJLQJPHWKRGVDVSRLQWHGRXWE\WKHDUURZV

9,-,9,5*,:-<5+05.:6<9*,
14th ISMRM (2006), #196
NIH R01 CA092061, R01 CA077677, R01 CA111981, P41 RR009784
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:LNTLU[H[PVUVM*VZ[HS*HY[PSHNLPU*;+H[H\ZPUN>H[LYZOLK4HYRLYZ
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High Intensity Focused Ultrasound (HIFU) ablation is a promising
QRQLQYDVLYHWHFKQLTXHWKDWKHDWVDVSHFL¿FWXPRUUHJLRQWRIDWDOOHYHOV
while minimizing cell death in nearby healthy areas. For liver applications, the rib cage limits the transducer placement. A treatment plan
based on CT images would segment the ribs and provide visualization
of them and the tumor. A HIFU simulation of deposited heat would also
UHTXLUHULEVHJPHQWDWLRQ8QIRUWXQDWHO\WKHULEVDUHGLI¿FXOWWRVHJPHQW
on CT as they transition to cartilage, with CT units similar to that of the
liver. The purpose of this work was to develop a rib segmentation algorithm based on CT images for HIFU treatment planning.
After an initial threshold of the CT data, rib regions were characterized based on their size, and if a region were greater than a predetermined area parameter (i.e. it consisted of rib and liver), a marker based
watershed transformation separated the two regions and continued to
the next inferior slice. After false positives were removed by a predetermined volume parameter, the remaining objects were reassigned high
CT values.
Preliminary results from six human CT datasets indicated this segmentation method works well, successfully distinguishing the ribs from
QHDUE\RUJDQV2IWKH¿IW\¿YHULEVFRXQWHGLQWKHVHGDWDVHWVRQO\¿YH
contained small errors due to reconstruction shading irregularities, with
four of these in one dataset. Once all costal cartilage was assigned high
CT numbers, any commercially available 3D rendering software (eg
Osirix) can be used to visualize the ribs and tumor.
)XWXUH ZRUN ZLOO LQFOXGH UH¿QLQJ WKH SURFHVV ZLWK PRUH GDWD
and automating a couple of the intermediate steps in the algorithm.

Optimizing this for MR data and extending it to not only segment cartilage but also other tissue types will be next, allowing thermal dose
planning to occur.

5HSUHVHQWDWLYHYROXPHUHQGHULQJVKRZLQJVHJPHQWHGERQHDQGFDUWLODJHH[WHQGLQJXSWRVWHUQXP

9,-,9,5*,:-<5+05.:6<9*,
RO1 CA 77677 (current RO1), RO1 CA 121163 (future RO1),
P41 RR009784 (RR)

+V\ISL/HSM9-MVY<S[YHZOVY[;0THNPUN
:65(316:(5(0405.3<116/57(<3@2204)<;;:7(<3@1)9<*,+(50,31
+,7(9;4,5;:6-19(+0636.@2,3,*;90*(3ENGINEERING
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Image-guided cryoablation is a promising minimally invasive
therapy for prostate cancer. MRI provides the promise of temperature
mapping throughout the frozen area to better guide the procedure than
the placement of discrete thermocouples. Previous studies have shown
the tissue transverse relaxation rate R2* (1/T2) to be relatively linear
RYHU WKH WHPSHUDWXUH UDQJH RI LQWHUHVW ,Q RUGHU WR TXDQWLWDWH 5  LQ
frozen tissue, ultrashort echo times are obtained with specialized RF
SXOVHVFDOOHGKDOISXOVHV7KHLUVOLFHSUR¿OHLVVHQVLWLYHWRHGG\FXUUHQWV
WKDWPDNHLWGLI¿FXOWWRTXDQWLWDWH5 7KHSXUSRVHRIWKLVZRUNZDVWR
develop an improved RF pulse that was less sensitive to eddy currents,
thereby improving MR imaging of frozen tissue.
A conventional full-sinc RF pulse is split in time and referred to
here as a double half RF pulse. The proposed pulse, like the half pulse
excitation, consists of two excitations with the slice-select gradient polarity inverted. Since the pulse amplitude is modulated by T2 decay,
each excitation produces a half-sinc weighting in k-space for short T2,
DQGDIXOOVLQFZHLJKWLQJIRUORQJ7$VLPXODWLRQRIVOLFHSUR¿OHDVD
IXQFWLRQRI7VKRZVVLJQL¿FDQWO\LPSURYHGVOLFHVHOHFWLYLW\IRUORQJ
7ZLWKWKHGRXEOHKDOISXOVH7KHVOLFHSUR¿OHIRUVKRUW7LVVLPLODUWR
the original half pulse.
Experiments were performed on a 0.5T GE Signa SP intervenWLRQDO05VFDQQHU7KHVOLFHSUR¿OHDQGIUHHLQGXFWLRQGHFD\ ),' VLJ-

nal of a long T2 (60ms) spherical phantom were measured with both
WKH KDOI SXOVH DQG WKH GRXEOH KDOI SXOVH 7KH KDOI SXOVH VOLFH SUR¿OH
has tails extending far from the desired slice, while the double half RF
demonstrates much better selectivity. In the presence of eddy currents,
the slice selectivity of the half pulse varies over time, so that the FID
demonstrates an oscillating behavior. The FID for the double half RF
decays without oscillation.
Both pulses were used in an in vivo canine prostate cryoablation.
Two cryoprobes were inserted into the prostate with MRI guidance, and
¿EHURSWLF WHPSHUDWXUH VHQVRUV ZHUH SODFHG EHWZHHQ WKH FU\RSUREHV
5 PDSVRIWKHIUR]HQUHJLRQZHUHREWDLQHGE\DQH[SRQHQWLDO¿WRI
LPDJHV DFTXLUHG DW HFKR WLPHV RI     PV (GG\ FXUUHQW
distortions in the half pulse can contaminate the R2* maps with out
of slice signal from unfrozen tissue. The double half pulse achieves a
EHWWHUVOLFHSUR¿OHIRUWKHZDUPWLVVXHZLWKORQJ7WKXVLPSURYLQJWKH
TXDOLW\RIWKH5 PHDVXUHPHQWV

9,-,9,5*,:-<5+05.:6<9*,
Double Half RF Pulse for Reduced Linear Eddy Current Sensitivity in
Ultrashort T2 Imaging, Proc. of 14th ISMRM, 2006, p 3004
NIH P41 RR09784, NIH RO1 CA092961
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Image-guided cryoablation is promising for the minimally invasive
treatment of prostate, liver, and kidney tumors. It is also being developed for eliminating the most common cardiac arrythmias in children
and adults. MRI can potentially improve the guidance of cryoablation
E\SURYLGLQJDWHFKQLTXHIRUWHPSHUDWXUHPDSSLQJRIWKHIUR]HQWLVVXH
Temperature dependence of transverse relaxation rate (R2*) and Signal
Intensity (SI) in freshly excised porcine liver (n=4), kidney (n=4), and
heart muscle (n=3) was studied in this work. In addition, the consistency of R2* and SI between tissue types was investigated. In each experiment, 10x10x25mm slabs of tissue were imaged in a clinical interventional MRI scanner (0.5T GE Signa SP). Imaging was repeated as the
tissue was cooled from room temperature to -40°C in 5°C increments.
Data analysis for the three types of tissue showed that SI decreased rapidly from 0°C to about -6°C, and below -6°C it was decreasing slowly. For any given temperature between -6°C and -35°C
the SI values of kidney and liver were comparable and approximately

twice as low as that of the cardiac muscle. The data from cardiac muscle
experiments exhibited consistency in both the slope and the intercept
RIWKH5 7 OLQHDU¿WVDFURVVWKHVDPSOHV$FURVVWKHNLGQH\WLVVXH
samples the R2* slopes were consistent but the intercepts had larger
GLVFUHSDQF\)RUOLYHUWLVVXHDVLJQL¿FDQWGLIIHUHQFHZDVIRXQGLQWKH
R2* intercept estimates across the samples. The difference between the
VORSHVRIWKH5 7 ¿WVRIWKHFRPELQHGGDWDIRUOLYHUNLGQH\DQGKHDUW
WLVVXHVLQVLJQL¿FDQW+RZHYHUWKHYDOXHVRIWKHLQWHUFHSWIRUWKHWKUHH
models varied substantially across the three types of tissue.
In conclusion, the results of this study indicated a high degree of
similarity between the MR parameters of frozen cardiac muscle, liver,
and kidney tissues. Following this study similar experiments will be
performed with a prostate tissue.

9,-,9,5*,:-<5+05.:6<9*,
RO1 CA09061, P41 RR009784.

0TWYV]LTLU[ZPU94HWWPUN+\YPUN0U=P]V*Y`VHISH[PVU
(0405.3<)9<*,3+(50,3204)<;;:7(<3@+,7(9;4,5;6-9(+0636.@
5HVXOWVDQGGLVFXVVLRQ7KHDFTXLUHG
Introduction: MR-guided cryoablaLPDJHV SURYLGHG VXI¿FLHQW VLJQDO LQ WKH
tion is a promising minimally invasive
frozen tissue to obtain R2* maps at temtherapy for prostate tumors. To ensure
SHUDWXUHV DV ORZ DV ±& 7KH PXOWLSOH
VXI¿FLHQWO\FROGWHPSHUDWXUHVDUHUHDFKHG
HFKR DFTXLVLWLRQ VFKHPH LQFUHDVHV 5 
throughout the tumor, temperature mapPDSSLQJ HI¿FLHQF\ HVSHFLDOO\ IRU WLVVXHV
ping with MRI would be desirable since
with relatively longer T2*. The R2* values
it would provide information throughout
at the thermocouple position demonstrated
the frozen area. Tissue R2* is a promising
a monotonous decrease with temperature,
SDUDPHWHUWRTXDQWLI\WHPSHUDWXUHDVLWDSDVVKRZQLQWKH¿JXUH
pears to be relatively linear over the temConclusion: With an ultra short TE
perature range of interest. Unfortunately,
05, VHTXHQFH 5  PDSV ZLWK LPSURYHG
mapping of R2* in vivo has been sensiTXDOLW\KDYHEHHQREWDLQHGWKURXJKRXWWKH
tive to eddy currents. The purpose of this
whole frozen process of in vivo experiwork was to optimize our R2* mapping by
PHQWV 7KH SURSRVHG WHFKQLTXH KDV EHHQ
using radial readout, reducing the earliest
shown to produce promising results for
echo time to 0.1 ms, and carefully measuring and compensating for eddy currents.
7KHUHODWLRQVKLSRIWKH5 DQGWHPSHUDWXUHDWWKHORFDWLRQRIWKH temperature monitoring during cryosurgery. Future work will further optimize the
Materials and methods: Half-RF
WKHUPRFRXSOHVDUH¿WZLWKDOLQH
DFTXLVLWLRQSDUDPHWHUV
pulse excitation with a multiple echo raGLDOUHDGRXWLVHPSOR\HGWRDFKLHYHDQXOWUDVKRUWHFKRWLPHIRUWKH¿UVW
echo. Both B0 and linear eddy currents induced by an ideal selective
JUDGLHQWDUHPHDVXUHG¿UVW/LQHDUHGG\FXUUHQWVDUHWKHQFRUUHFWHGE\
pre-compensating the RF pulse and selective gradient. B0 eddy cur9,-,9,5*,:-<5+05.:6<9*,
rents are corrected by varying the RF phase during excitation. In-vivo
Onik G, Technol Cancer Res Treat 2004; 3:p.365 2. Baust J, Cryobiology 1997;
canine experiments were performed on a 0.5T GE Signa open scanner
34: p373. 3. Wong WS, Cancer 1997; 79: p.963. 4. Gage AA, Cryobiology
(GE healthcare, Milwaukee, WI). To calculate the R2*, four sets of data
1998; 37: p.171. 5. Larson TR, Urology 2000; 55: p.547. 6. Wansapura J, Acad
DUHDFTXLUHGZLWK7(VRIPVPVPVDQGPVIRUWKH¿UVW
Radiology; 12: p1080. 7. Kaye E, Proc. 14th ISMRM 2006; p1423.
echo at each time point.
NIH CA092061, P41 RR009784
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IIntroduction: MR-guidenhanced images in two expered cryoablation is a promising
iments are provided in Figure
minimally invasive therapy
2. By comparison with TTC
for prostate tumors that are
stained sections, the rim apsolitary and unilateral. The
pears to lie within the normal
roles of imaging are targetting,
pink staining tissue. The borFigure 1.(a) FSE image at the height of freezing. Dynamic CE (b) and 3D SPGR (c)
monitoring, and post-therapy
der of the hyperenhancing rim
images demonstrate areas that do not enhance and the rim of hyperenhancement. (d) TTC
evaluation. It has been shown image that suggests the hyperintense rim is within the pink-staining normal tissue region.
seemed to correspond well to
that contrast enhanced imagthe border between the heming provides a beautiful depicorrhagic core of the cryoletion of the vascular damage in
sion and the normal pink
the cryolesion. The purpose
staining tissue on TTC. The
of this work was to evaluate
size of the hyperenhancing
previously frozen prostate tisrim varied in thickness from
sue with dynamic contrast enone experiment to another,
hanced imaging and 3D convaried in thickness from one
trast enhanced imaging.
lesion to another in the same
Methods: Three dogs
experiment, and even varied
were imaged with a phased
in thickness within the same
array coil setup including an
cryolesion. These variations
Figure 2. Enhancement curves from the experiment shown in Figure 1 (left) that demendorectal coil and an ancan be seen in the images
terior surface coil in a 0.5T onstrate that this rim enhances more than the more normal tissue. A short time of hypointenshown in Figure 3. The time
sity is also seen as the contrast agent moves through the tissue. Enhancement curves from 3
GE Signal MRI scanner. Two
course of enhancement on the
ROIs in the second experiment demonstrate variable timecourses (right)
MR-compatible cryoprobes
rims were also variable, as
(Oncura, Israel) were placed
shown in Figure 2.
through the anterior abdomiDiscussion: The results
nal wall to locations on either
of this study suggest that the
side of the prostate. In each
hyperintense rim seen on dydog, one cryoprobe was fronamic contrast enhanced MRI
zen only once, while the other
following prostate cryoablacompleted two freeze-thaw
tion may be within the normal
Figure 3. Hyperintense rim enhancement following cryoablation is variable in size
cycles. T1-weighted FSE
staining
between experiments and even within the same cryolesion
images were obtained at the
pink area on TTC stained
height of each freeze to delinsections. Differences in the
eate the iceball sizes. After complete thaw to normal body temperature,
size and enhancement curves of the hyperenhancing rim may be due
dynamic 2D SPGR images (1.9 s/image) were acquired and repeated
to differences in the underlying tissue structure, such as the presence of
during the injection of a gadolinium contrast agent. CE 3D SPGR imagFKURQLF SURVWDWLWLV LQWHUVWLWLDO ¿EURVLV DQG F\VWLF K\SHUSODVLD WKDW DUH
es were immediately acquired. The dogs were euthanatized and sliced
scattered throughout the gland in the old dogs that were studied.
prostate samples were incubated in a 1% triphenyl tetrazolium chloride
.
(TTC) solution.
Results: In all experiments, the normal prostate tissue enhanced. In
9,-,9,5*,:-<5+05.:6<9*,
the core of the cryolesion, the tissue did not enhance. An example set of
1. Onik G, Technol Cancer Res Treat 2004; 3:p.365 2. Gilbert J, MRI
images is shown in Figure 1. In all three experiments, there was a rim of
1993;11(8): p1155.
NIH CA092061, P41 RR009784
hyperenhancement. Plots of the signal intensity on the dynamic contrast
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9LMLYLUJLSLZZ79-;OLYTVTL[Y`^P[O4\S[PLJOV7YVJLZZPUN[V4VUP[VY7YVZ[H[L(ISH[PVU
=063(90,2,1(+(4205:,@2>0335(<2*/90:+0,+,90*/2.9(/(4:644,91204)<;;:7(<3@11+,7(9;4,5;6-
9(+0636.@:;(5-69+<50=,9:0;@2+,7(9;4,5;6-9(+0(;06565*636.@<*:MR thermometry uses the proton resonance frequency (PRF)
shift with temperature to noninvasively monitor temperature during ultrasound thermal ablation of the prostate. Previously we developed a
referenceless thermometry for decreased motion sensitivity. Here, we
present an improvement to the method that allows temperature estimation at optimized resolution (1.7-1.9 mm) and anatomic imaging at high
resolution, all in the same acquisition. The method is demonstrated during in vivo canine prostate ablation.
Referenceless thermometry measures a temperature change by estimating the background phase from a region outside the heating area,
thereby eliminating the need of a baseline image. In the presence of
periprostatic fat, three echoes need to be acquired to automatically determine water and fat regions which can have a constant phase offset.
In this project, we acquire the three echoes with different k-space coverage. The symmetric, low resolution data is used for temperature; the
asymmetric, high resolution data is reconstructed by zeropadding for
anatomical images. Images were acquired during canine prostate ablation using a transurethral ultrasound transducer on a 0.5T interventional
scanner. To demonstrate the robustness to tissue motion, pressure was
applied to the animal’s abdomen before heating started.
The referenceless method provided accurate temperature maps of
the heating distribution during prostate ablation and was not affected by
tissue motion. The high resolution magnitude images clearly depicted
the anatomy and were used to overlay the low resolution temperature information. Collecting the three echoes in a single acquisition decreased
reduced the imaging time per temperature frame by 50%.

The new pulse sequence allows for temperature monitoring during
in vivo thermal ablation of the prostate with better temporal resolution,
optimized temperature resolution and good visualization of underlying
anatomical structures.

Temperature images acquired without heating and reconstructed with baseline
subtraction and the referenceless method. When tissue motion occurs (b),
severe errors render baseline subtraction useless.

9,-,9,5*,:-<5+05.:6<9*,
Proceedings of 14th ISMRM, Seattle, Washington, 2006, p. 199
NIH RO1 CA 111891, NIH P41 RR009784, NIH RO1 CA077677.

;PTL*VUZ[HU[:LUZP[P]P[`VM,KK`*\YYLU[*OHYHJ[LYPaPUN7\SZL:LX\LUJL
+(50,3),550:4(9*<:;(33,@)90(5(/(9.9,(=,:569),9;17,3*
INTRODUCTION: Eddy current compensation is important for a number of applications in magnetic resonance imaging. Eddy current inGXFHG¿HOGVLPSDUWSKDVHRQWKHDFTXLUHGVLJQDOWKDWFDQGLVWRUWERWK
magnitude images and phase estimates used to measure tissue velocities, displacements, and temperatures. Eddy current pre-emphasis
SURYLGHV ¿UVWRUGHU FRUUHFWLRQ EXW PRUH VRSKLVWLFDWHG WHFKQLTXHV DUH
needed to account for a broad range of short and long time constants
and spatial non-linearities. A pulse sequence was designed to measure
the system’s eddy current response and use this to correct the eddy current induced artifacts for an arbitrary pulse sequence using an impulseresponse formalism. Herein, this pulse sequence was modeled with
Bloch simulation to characterize the sensitivity and bandwidth of measured time constants (T).
Methods: Pulse Sequence: A spin-echo pulse sequence was modi¿HGWRVXSSRUW HGG\FXUUHQWLQGXFLQJWHVWJUDGLHQWV DORQJT eddy
current nulling gradient, and 3) 3-D phase encoding. In order to measure
phase shifts that arise from short T eddy currents the pulse sequence was
designed to acquire data (DAQ) for 62ms immediately after a gradient
slew. Simulation: Simulated eddy current induced mono-exponential
gradients were generated with 0.01ms<T<200ms and peak eddy current
gradient strengths of 0.1Gmax/T. Bloch simulation was used to simulate the signal response (time step=8µs, T1=250ms, T2=25ms) over a
broad range of T.

Results: The pulse sequence with the dummy gradients doesn’t
stimulate and is therefore insensitive to long T eddy current effects, but
is sensitive (phase accumulation >P) to 25µs<T<25ms. The simulation
also demonstrates that without the dummy gradients long time constant
(T>25ms) eddy currents generate measurable phase accumulation during the 100ms.
Conclusions: The Bloch simulation demonstrates that the pulse
sequence is maximally sensitive to short T of ~5ms, but with good sensitivity to 25µs<T<25ms. The fact that DAQ begins immediately after
a gradient slew, combined with the high SNR of the sequence and the
fact that short T effects are not sensitive to T2 decay combine to make
measurement of short T effects possible.

9,-,9,5*,:-<5+05.:6<9*,
1. Alley MT, et al, Proc. Intl. Soc. Mag. Reson. Med., Toronto, Ontario,
Canada, 2003
2.Ennis DB, Alley MT, Hargreaves BA and Pelc NJ. Time Constant Sensitivity
of Eddy Current Characterizing Pulse Sequence. ISMRM Conf. Proc. 2006;
ACKNOWLEDGEMENTS: This work was supported by the NIH (T32
CA09695 to DBE), the Center of Advanced MR Technology at Stanford (P41
RR09784), and The Lucas Foundation.
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*VTWHYPZVUVM(VY[PJ-SV^7H[[LYUZPU=VS\U[LLYZHUK(ZJLUKPUN(VY[PJ(UL\Y`ZTZ
;/64(:(/67,13(9:>0.:;9k414(9*<:;(33,@1+*9(0.4033,92(5+96),9;/,9-2,5:1
1
+,7(9;4,5;:6-9(+0636.@2(5+*(9+06;/69(*0*:<9.,9@
Introduction: Time-resolved
DQG UHWURJUDGH ÀRZ RFFXUUHG HDUOLHU
three-dimensional phase contrast magand lasted longer. In volunteers, 47%
netic resonance velocity mapping was
had two helices compared to 23% of the
employed to characterize the differpatients. Quantitative analysis showed
HQFHLQÀRZSDWWHUQVEHWZHHQKHDOWK\
that the average velocity fell between
volunteers and patients with ascending
the ascending aorta and the transverse
aortic aneurysms.
aorta in volunteers (47.9mm/s decrease,
Methods: Nineteen healthy volp = 0.023), while in ascending aortic anunteers and 13 ascending aortic aneueurysm patients the velocity increased
rysm patients were scanned. Data was
(141 mm/s increase, p = 0.002).
analyzed visually using streamlines,
Discussion: Using time-resolved
SDUWLFOHWUDFHVDQGYHFWRU¿HOGV9HFWRU
' 3&05, ÀRZ SDWWHUQV LQ WKH DRU¿HOGVSODFHGRQWZRGLPHQVLRQDOSODQHV
tic arch were characterized in healthy
were visually graded to analyze helical
volunteers and in patients with ascendStreamlines during mid-systole in a normal volunteer that depicts
ÀRZSDWWHUQVDQGUHWURJUDGHÀRZDORQJ
ing aortic aneurysms. Dilation of the
KRZWKHJHRPHWU\RIWKHDRUWLFDUFKFDQUHVXOWLQOHIWKDQGHGKHOLFDOÀRZ DVFHQGLQJDRUWDVNHZVWKHQRUPDOÀRZ
the aortic arch. Quantitative analysis
in the descending aorta. A) superior view of the aortic arch with the deRI SXOVDWLOH ÀRZ ZDV FDUULHG RXW RQ
pattern in the ascending aorta changing
scending aorta on the left, B) left lateral view of the descending aorta
manually segmented planes extracted
UHWURJUDGH DQG KHOLFDO ÀRZ SDWWHUQV
from the original 3D data sets.
Currently we are looking at improved
5HVXOWV,QYROXQWHHUVÀRZSURJUHVVHGDVIROORZVDQLQLWLDOMHWRI
PHWKRGVWRGHVFULEHKHOLFDOÀRZSDWWHUQVXVLQJDXWRPDWLFYRUWH[UHFblood skewed towards the anterior right wall of the ascending aorta is
ognition algorithms.
UHÀHFWHGSRVWHURODWHUDOO\RIIWKHZDOOWRZDUGVWKHLQQHUFXUYDWXUHFUHating opposing helices, a right-handed helix along the left wall and a
9,-,9,5*,:-<5+05.:6<9*,
This work was supported in part by the NIH (R01 HL46347 and P41
OHIWKDQGHGKHOL[DORQJWKHULJKWZDOOUHWURJUDGHÀRZRFFXUUHGLQDOO
RR09784), National Marfan Foundation, DFG Fellowship, Kyle Mann grant,
volunteers along the inner curvature between the location of the two
the Lucas Foundation and the Medical Scholars Program
helices. In ascending aortic aneurysm patients, the helices were larger

;PTL9LZVS]LK+8\HU[P[H[P]L-SV^490VM0U[YHJYHUPHS=LZZLSZ<[PSPaPUN7HYHSSLS0THNPUN
;/64(:(/67,:*6;;5(.3,/<@+6:*6;;(;3(:4(9*<:;(33,@963(5+)(44,9+,7(9;4,5;6-9(+0636.@
Introduction: A time-resolved
provided a high degree of vascular conthree-dimensional phase-contrast MRI
VSLFXLW\DQGÀRZYLVXDOL]DWLRQIRUHYHQ
technique incorporating GRAPPA, a
very small vessels (down to 1mm in diparallel imaging method, was impleameter). Blood velocity measurements
mented to measure the principle comwere in agreement with known values
SRQHQWVRIEORRGÀRZ LQWKUHHGLPHQfrom transcranial Doppler ultrasound,
sions at multiple instances over the
and time-resolved streamline analysis decardiac cycle. The effects of magnetic
scribed features that have not been report¿HOG VWUHQJWK SDUDOOHO LPDJLQJ DQG
ed previously for intracranial vasculature.
temporal resolution reduction factors
Discussion: We have shown that
on the data were investigated in a comtime-resolved 3D PC-MRI in combinaparative evaluation at 1.5T and 3T.
tion with parallel imaging can be perMethods and Results: Over the
formed within clinically acceptable time
A) streamlines in internal carotid artery during early systole depast year, nine healthy volunteers were
periods and can produce high-resolution
picting the increase in velocity in the carotid siphon and the bifurcation
scanned on 1.5T and 3T magnets. 3D
streamline data of even very small vesstreamlines and 4D particle tracings into the anterior and middle cerebral arteries; B) streamlines in mid- sels. With ORFs of 2 and 3, acquisition
systole with the left anterior cerebral artery in blue and the right antewere used to investigate dynamic blood rior cerebral artery in red depicting an anterior communicating artery
times can be reduced from 23.1 minutes
ÀRZ SURSHUWLHV  'DWD IURP H[WUDFWHG
to 13.3 and 10.0 minutes given a heart
planes manually segmented were used to analyze the effect of three
rate of 70 beats per minute. We are currently enrolling patients with inGRAPPA reduction factors, three temporal resolutions and the two magWUDFUDQLDODQHXU\VPVWRFKDUDFWHUL]HFKDQJHVLQÀRZSDWWHUQVWKDWFRXOG
QHWLF¿HOGVWUHQJWKVRQYHORFLW\PHDVXUHPHQWV$W7SDUDOOHOLPDJLQJ
be helpful in operative management.
performed very well up to Outer Reduction Factors (ORFs) of 3 with9,-,9,5*,:-<5+05.:6<9*,
Full publication or presentation citation – Publication has been accepted for
RXW DQ\ VLJQL¿FDQW QRLVH HQKDQFHPHQW RU GHYLDWLRQV LQ WKH YHUDFLW\ RI
Magnetic Resonance in Medicine, but is not yet in print.
ÀRZPHDVXUHPHQWV:KLOHDW7QRLVHHQKDQFHPHQWSURJUHVVHGPXFK
– This work was supported in part by the NIH (1R01EB002771,
faster at increased reduction factors. A high temporal resolution (65ms)
1R01NS35959), the Center of Advanced MR Technology at Stanford
was required to follow dynamic processes in the intracranial vessels,
(P41RR09784), the Lucas Foundation, the Oak Foundation and the Medical
VXFKDVYLVXDOL]DWLRQRIWKHGLFURWLFQRWFK7KH'ÀRZPHDVXUHPHQWV
Scholars Program
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*/90:;67/,9,3205:14(9*<:(33,@216/52,(;651+,7(9;4,5;:6-14,*/(50*(3,5.05,,905.(5+29(+0636.@3
)OXLGÀRZSOD\VDPDMRUUROHLQWKHIXQFWLRQ
of modern technical devices. Most technological
DQGQDWXUDOÀRZVDUHWKUHHGLPHQVLRQDOWXUEXOHQW
and highly complex. This makes them nearly impossible to predict with computations, but the complexity is such that knowing the full mean velocity
¿HOGVZRXOGFRQWULEXWHVLJQL¿FDQWO\WRRXUXQGHUstanding. Moreover, measurements of turbulent
YHORFLW\ ÀXFWXDWLRQV ZRXOG HQKDQFH JUHDWO\ RXU
LQVLJKWLQWRWKHVHÀRZV(YHQWKHPRVWDGYDQFHG
conventional laser-based measurement techniques
VXFKDV3DUWLFOH,PDJH9HORFLPHWU\ 3,9 DUHHLther too time-consuming, too expensive or simply
LQFDSDEOH RI PHDVXULQJ WKH HQWLUH ÀRZ ¿HOGV IRU
PDQ\UHDOÀRZV0DJQHWLFUHVRQDQFHYHORFLPHWU\
059 SUHVHQWVDSURPLVLQJH[SHULPHQWDODOWHUQDWLYHIRUXVHLQWKHVHÀRZV059LVDQRQLQYDVLYH
technique for measuring the full three-component
PHDQ YHORFLW\ ¿HOG DQG SRWHQWLDOO\ WKH WXUEXOHQW
YHORFLW\ ÀXFWXDWLRQV IRU FRPSOH[ ÀRZV LQ DQG
DURXQGRSDTXHREMHFWV059XVHVPDJQHWLFUHVRnance imaging (MRI) techniques in conventional
PHGLFDOVFDQQHUV:KLOH059ZDVGHYHORSHGIRU
PHDVXULQJEORRGÀRZLQSDWLHQWVZHDUHDGDSWLQJ
LWWRPHDVXUHYHORFLWLHVLQWXUEXOHQWÀRZV

Figure 1: Contours of streamwise turbulent
2 , units m/s) meaYHORFLW\ÀXFWXDWLRQ X¶ y
u'
sured with PIV (right) in a turbulent backward
IDFLQJ VWHS ÀRZ 7KH JUD\ VFDOH 05 LPDJH RI
the shear layer (left) shows the qualitative feaWXUHVRIWKHÀRZVWUXFWXUH GDUNLQGLFDWHVKLJKer turbulence).

059 LV EHLQJ WHVWHG LQ FDQRQLFDO WKUHHGLPHQVLRQDOWXUEXOHQWÀRZVVXFKDVWKHÀRZGRZQstream of a backward facing step in order to better characterize its accuracy for different levels of
WXUEXOHQFH,PSURYHPHQWVWR059DUHHYDOXDWHG
E\ GLUHFWO\ FRPSDULQJ 059 GDWD WR FRQYHQWLRQDO PHDVXUHPHQWV XVLQJ 3,9 ZKLFK DUH SRVVLEOH
LQ WKLV ÀRZ 7KH GHYHORSPHQW RI D UREXVW 059
PHWKRG EHQH¿WV QRW RQO\ WKH HQJLQHHULQJ DQG
physics community but also medical doctors and
WKHLU SDWLHQWV VLQFH 059 LV XVHG LQFUHDVLQJO\ LQ
vivo for medical research and eventually for routine patient evaluation.
7KLV ZRUN LV QRWDEOH EHFDXVH WKHVH 059
techniques are being developed to measure mean
DQG ÀXFWXDWLQJ YHORFLWLHV LQ HQWLUH WKUHHGLPHQVLRQDOÀRZ¿HOGVLQWXUEXOHQWÀRZVLQJHRPHWULHV
too complex for conventional measurement systems. Currently we have good qualitative agreePHQW EHWZHHQ WKH 3,9 DQG 059 PHDVXUHPHQWV
DOWKRXJK TXDQWLWDWLYHO\ WKH 059 WHQGV WR RYHU
SUHGLFW WKH WXUEXOHQW YHORFLW\ ÀXFWXDWLRQ:H DUH
investigating these effects and hope to improve
our accuracy in the near future.

9,-,9,5*,:-<5+05.:6<9*,
NSF CTS-0432478-001, NCRR P41 RR09784

:[Y\J[\YHS)HZPZMVY9LNPVUHS/L[LYVNLULP[`VM3LM[=LU[YPJ\SHY-\UJ[PVU
16:,7/><1,3+(50,3),550:13(9:>0.:;9k41,2;645.<@,53:;,-(5:2(9,1963(5+)(44,915,0305.,3:3,4+
*9(0.4033,931+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@2*,5;,9-694,+0*(304(.,:*0,5*,(5+=0:<(30A(;065
3052k705.<50=,9:0;@3+,7(9;4,5;6-*(9+06;/69(*0*:<9.,9@:;(5-69+<50=,9:0;@
4
9,:,(9*/05:;0;<;,7(36(3;64,+0*(3-6<5+(;065
INTRODUCTION: Structure-function relationships are essential
to understanding biological performance. The complex, but highly orGHUHGDUUDQJHPHQWRIP\R¿EHUVLQWKHYHQWULFXODUZDOOLVFORVHO\UHODWHG
to regional myocardial function. This work tests the hypothesis that
PLGZDOOP\R¿EHUVDUHQRWRULHQWHGLQWKHFLUFXPIHUHQWLDOGLUHFWLRQLQ
all regions of the left ventricle and furthermore that regional gradients in
P\R¿EHURULHQWDWLRQDUHKHWHURJHQHRXV5HJLRQDOGLIIHUHQFHVRIP\R¿ber arrangement should impact regional function in addition to having
implications for the interpretation of MRI tissue tagging strains.
0(7+2'6 0LGYHQWULFXODU VOLFHV RI ¿YH H[ YLYR RYLQH KHDUWV
were imaged on a 1.5T GE Signa Excite scanner using a custom diffusion tensor weighted interleaved echo-planar imaging sequence.
5HJLRQDOP\R¿EHURULHQWDWLRQVZHUHPHDVXUHGXVLQJDORFDOFDUGLDFFRRUGLQDWHV\VWHP/RFDOP\R¿EHUGLUHFWLRQZDVGH¿QHGDVWKHDQJOH A)
between the primary eigenvector of the diffusion tensor and the local
circumferential direction. Papillary muscles were manually masked.
7KHOHIWYHQWULFXODUPLGZDOOZDVGH¿QHGDVUDGLDOZDOOGHSWKEHWZHHQWKHHSLFDUGLXPDQGHQGRFDUGLXP)LQDOO\DFLUFXPIHUHQWLDO¿EHU
FRQWRXUZDVGH¿QHGIURPDEVSOLQH¿WWRDOOORFDWLRQVZKHUHA

5(68/76&RQWRXUVRIWKHFLUFXPIHUHQWLDO¿EHUV A  LQGLFDWHV
that in the lateral wall there is a preponderance of negatively oriented

(A HSLFDUGLDO¿EHUV,QWKHODWHUDOPLGZDOO GHSWK ¿EHUVDUH
oriented at an angle of A ,QFRPSDULVRQVHSWDOPLGZDOO¿EHUV
DYHUDJH     7KH FLUFXPIHUHQWLDO ¿EHUV DUH QRW ORFDWHG DW WKH
PLGZDOOEXWLQVWHDGDWZDOOGHSWKLQWKHVHSWXPDQG
wall depth in the lateral wall.
&21&/86,2160LGZDOOP\R¿EHUVDUHQRWDOZD\VRULHQWHGLQ
the circumferential direction. When analyzing ventricular function using MRI tissue tagging or displacement imaging it is often assumed that
PLGZDOOP\R¿EHUVDUHRULHQWHGLQWKHFLUFXPIHUHQWLDOGLUHFWLRQ5HFHQW
MRI tissue tagging results demonstrate a correlation between greater
pre-stretch of the antero-lateral and infero-lateral wall and greater circumferential shortening[3]. This latter result implicates a hemodynamic
driving force for variations in regional function. The results, herein,
VXJJHVWWKDWUHJLRQDOYDULDWLRQVLQP\R¿EHUDUUDQJHPHQWPD\DOVRSOD\
a role.

9,-,9,5*,:-<5+05.:6<9*,
1.Ennis DB, Wigström L, Nguyen TC, Skare S, Bammer R, Ingels NB and
0LOOHU'&6WUXFWXUDO%DVLVIRU5HJLRQDO+HWHURJHQHLW\RI/HIW9HQWULFXODU
Function? ISMRM Conf. Proc. Seattle, WA, USA 2006
This work was supported by the NIH (T32 CA09695 to DBE; HL29589 to
DCM), the Center of Advanced MR Technology at Stanford (P41 RR09784),
The Lucas Foundation, and the Swedish Heart and Lung Foundation.
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Introduction: Osteoarthritis is a highly debiliThis image was obtained with a scan time
WDWLQJGLVHDVHDIÀLFWLQJWHQVRIPLOOLRQVRISHRSOH
under 1 minute and a slice thickness of
LQWKH8QLWHG6WDWHVDORQHEXWLVGLI¿FXOWWRGHWHFW
20mm.
in the early stages, making preventative treatment
Results and Discussion: In Figure
impractical. Early signs of osteoarthritis include
1 we show that we can image and distinchanges in the matrix composition of articular carguish sodium concentrations of 500mM
tilage, which result in reduced proteoglycan conto 100mM (with 100mM steps), while in
FHQWUDWLRQ'LUHFWTXDQWL¿FDWLRQRIVRGLXPLQFDUWLorder to view the lowest concentration on
lage has been shown to correlate with proteoglycan
50mM we would require a slightly longer
content [1, 2, 3]. We have begun to develop MR
scan time. With this we have validated our
sequences for imaging the sodium concentration of
ability to image sodium at 3T in concenarticular cartilage in-vivo.
trations similar to the ones expected inMethods: A 2D GRE sequence was adapted to
vivo in human cartilage. Sodium imaging
XVH WKH EURDGEDQG WUDQVPLW DPSOL¿HU RQ D 7 *(
is particularly challenging given the low
Signa system, enabling excitation of the Na+ nucleresolution and SNR due to low gyromagus (~33.8 MHz at 3T, instead of the ~128 MHz resnetic ratio, the short T2, and the relatively
Sodium phantom images at 3T with a slice thickness
onant frequency of H+ at 3T). A birdcage transmit/
low abundance of sodium in-vivo. We are
of 20mm and scan time under 1min. The brightest
receive quadrature head coil tuned to the resonant
FLUFOHFRUUHVSRQGVWRDP0FRQFHQWUDWLRQRI1D&O currently working to improve these factors
frequency of sodium was employed for excitation while the faintest distinguishable circle corresponds to
by building a custom knee-coil tuned to
P0
and signal readout. The expected concentration of
sodium, improving pulse sequences, and
Na+ in healthy articular cartilage is approximately
LPDJLQJDWKLJKHU¿HOGV 7 
9,-,9,5*,:-<5+05.:6<9*,
260mM, while that in severely degenerated cartilage is approximately
1. Wheaton AJ, et al. Acad Radiol 2004; 11:21-28.
40mM [4]. A set of NaCl phantoms with concentrations ranging from
2. Reddy R, et al. Magn Reson Med 1998; 39:697-701.
50 mM to 500 mM were made for initial testing and calibration of the
3. Regatte RR, et al. J Magn Reson Imaging 1999; 10:961-967
sequence. Initial results are shown in Figure 1.
4. Bashir A, et al. Magn Reson Med 1999; 41:857-865
GlaxoSmithKlein Inc., and NIH P41 RR009784 and R01 EB002524

,MÄJPLU[4\S[P,JOV490VM[OL2ULL
.(99@,.63+1:*6;;)9,,+,92/<(5A/6<@<31/)90;;(054)90(5(/(9.9,(=,:119(+0636.@:;(5-69+
<50=,9:0;@:;(5-69+*(29(+0636.@<50=,9:0;@6->0:*65:054(+0:65>03.36)(3(7730,+:*0,5*,3()69(;69@.,
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Introduction: Three-dimensional (3D)
Results: IDEAL-GRE produced images
MRI is useful to measure articular cartilage
with higher cartilage SNR (41.0 + 5.2 vs. 36.2
thickness and volumes, and detect cartilage
  S    DQG 615 HI¿FLHQF\ WKDQ )6
lesions. It is challenging to achieve high-resoSPGR (41.0 + 5.2 vs. 33.3 + 2.2; p < .01). All
lution images with fat suppression to depict
images had excellent depiction of cartilage
FDUWLODJH:HKDYHGHYHORSHGDYHU\HI¿FLHQW
(Shown below) The IDEAL-GRE images promulti-echo fat/water separation technique and
duced water, fat, and combined images. The
validated it for knee imaging in volunteer
multi-echo IDEAL-GRE sequence produced
subjects.
these images in a faster scan than FS-SPGR,
Methods: Six knees (four volunteers)
DQGKDGEULJKWVLJQDOIURPV\QRYLDOÀXLGWKDW
were imaged using a GE Signa 1.5T MRI
is helpful to outline cartilage defects.
scanner and an 8-channel coil.
Discussion: Multi-echo IDEAL-GRE proThe standard cartilage segmentation
YLGHVDIDVWHUPRUH615HI¿FLHQWPHWKRGWKDQ
technique, FS-SPGR was compared with
FS-SPGR for examining articular cartilage at
multi-echo IDEAL GRE, with parameters
1.5T. Multi-echo IDEAL-GRE is highly SNR
chosen to keep scan times and total sampling
HI¿FLHQWEHFDXVHLWXVHVDODUJHSHUFHQWDJHRI
$  )663*5 %  0XOWLHFKR ,'($/*5( ZDWHU LPDJH the TR for readout, and also achieves an effectime similar. All scans were 256x 256, 16 cm
¿HOGRIYLHZ  PP VHFWLRQ WKLFNQHVV DQG ZLWKEULJKWV\QRYLDOÀXLG DUURZ & 0XOWLHFKR,'($/ tive signal averaging of three in one TR by us*5( IDW LPDJH '  0XOWLHFKR ,'($/*5( FRPELQHG
64 sections. Flip angles were adjusted for
LQJDOOWKUHHHFKRHVHI¿FLHQWO\LQWKHZDWHUIDW
image.
JRRG FDUWLODJH WR ÀXLG FRQWUDVW 0XOWLHFKR
decomposition.
IDEAL-GRE images were reconstructed on-line using the IDEAL
method. SNR in each subject was calculated by dividing the average
9,-,9,5*,:-<5+05.:6<9*,
measured signal from 5 regions of interest in the trochlear cartilage by
G.E. Gold, S.B. Reeder, H. Yu, J. H. Brittain, B.A. Hargreaves. Multi-Echo
IDEAL Water-Fat Separation for Rapid Imaging of Cartilage. Fourteenth
WKHVWDQGDUGGHYLDWLRQRIWKHQRLVH615HI¿FLHQF\ 615VFDQWLPH 
6FLHQWL¿F0HHWLQJ,60500D\S
values were compared using a student t-test.
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)90(5(/(9.9,(=,: */(93,:/*<5505./(4(5+)9<*,3+(50,3119(+0636.@(5+2,3,*;90*(3,5.05,,905.
:;(5-69+<50=,9:0;@
Introduction: Dynamic contrast-enhanced
propriately for each slab, the two slabs are
(DCE) breast MRI is a routine clinical proceVKLIWHGWRJHWKHUDQGWKH¿HOGRIYLHZLQWKH
dure that has very high sensitivity for detecslab direction is reduced to include only the
tion and characterization of breast tumors [1].
slab volumes. During reconstruction, slices
Clinical outcomes are likely to improve with
can be labeled with the correct location, since
increased frame rates as well as higher spatial
the shift is known, or blank slices could be
resolution. Bilateral imaging (of both breasts)
inserted between the slabs. The images below
normally requires more than twice the scan
show the axial cuts through a 3D volume that
time, as the bilateral volume includes both
was phase-encoded in the right/left direction
breasts and the space between them. We have
(a) without slab modulation and (b) with slab
developed a simple, yet important method of
PRGXODWLRQ DQG D UHGXFHG )29 DQG VFDQ
eliminating the need to encode the volume betime.
tween breasts, while maintaining the high SNR
Discussion: Phase-modulated slab-shiftachieved from encoding the bilateral volumes
ing
is
a simple, yet useful technique for many
simultaneously. This typically results in a 20applications
where multiple volumes are im30% reduction in scan time, and equivalent
aged
simultaneously.
It is compatible with difincrease in frame rates.
ferent
excitation
schemes
such as spin echo,
Methods and Results: Bilateral volumes
gradient
echo,
spoiled
gradient
echo and steady
are excited in a time-interleaved fashion, usstate
free
precession,
as
well
as acceleration
ing a dual-band spectral spatial pulse which
schemes
such
as
partial
Fourier
imaging and
By
phase-modulating
the
excitation,
the
imaged
allows independent shimming of two volumes
slabs are “virtually shifted” together so that the
parallel
imaging.
We
are
already
combining
[2]. The pulse also allows independent phase
number of phase-encoding steps can be reduced several of these techniques to further increase
modulation of volumes. When the phase is linthe frame rate of DCE breast imaging.
early modulated with phase-encode number in the left/right direction,
the slab will appear shifted after 3D imaging, an extension of phase9,-,9,5*,:-<5+05.:6<9*,
offset multi-planar imaging [3]. By choosing the linear modulation apThis work was funded by NIH 2P41-RR009784 and NIH 5R01CA066785

;PTL*VUZ[HU[:LUZP[P]P[`VM,KK`*\YYLU[*OHYHJ[LYPaPUN7\SZL:LX\LUJL
+(50,3),550:4(9*<:;(33,@)90(5(/(9.9,(=,:569),9;17,3*+,7(9;4,5;6-9(+0636.@
Introduction: Eddy current compensation is important for a number
of applications in magnetic resonance imaging. Eddy current induced
¿HOGV LPSDUW SKDVH RQ WKH DFTXLUHG VLJQDO WKDW FDQ GLVWRUW ERWK PDJnitude images and phase estimates used to measure tissue velocities,
displacements, and temperatures. Eddy current pre-emphasis provides
¿UVWRUGHUFRUUHFWLRQEXWPRUHVRSKLVWLFDWHGWHFKQLTXHVDUHQHHGHGWR
account for a broad range of short and long time constants and spatial
non-linearities. A pulse sequence was designed to measure the system’s
eddy current response and use this to correct the eddy current induced
artifacts for an arbitrary pulse sequence using an impulse-response formalism. Herein, this pulse sequence was modeled with Bloch simulation to characterize the sensitivity and bandwidth of measured time
constants (T).
0HWKRGV3XOVH6HTXHQFH$VSLQHFKRSXOVHVHTXHQFHZDVPRGL¿HG
to support: 1) eddy current inducing test gradients, 2) a long T eddy current nulling gradient, and 3) 3-D phase encoding. In order to measure
phase shifts that arise from short T eddy currents the pulse sequence was
designed to acquire data (DAQ) for 62ms immediately after a gradient
slew. Simulation: Simulated eddy current induced mono-exponential
gradients were generated with 0.01ms<T<200ms and peak eddy current

gradient strengths of 0.1Gmax/T. Bloch simulation was used to simulate
the signal response (time step=8µs, T1=250ms, T2=25ms) over a broad
range of T.
Results: The pulse sequence with the dummy gradients doesn’t stimulate and is therefore insensitive to long T eddy current effects, but is
sensitive (phase accumulation >P) to 25µs<T<25ms. The simulation
also demonstrates that without the dummy gradients long time constant
(T>25ms) eddy currents generate measurable phase accumulation during the 100ms.
Conclusions: The Bloch simulation demonstrates that the pulse sequence is maximally sensitive to short T of ~5ms, but with good sensitivity to 25µs<T<25ms. The fact that DAQ begins immediately after
a gradient slew, combined with the high SNR of the sequence and the
fact that short T effects are not sensitive to T2 decay combine to make
measurement of short T effects possible.

9,-,9,5*,:-<5+05.:6<9*,
This work was supported by the NIH (T32 CA09695 to DBE), the Center
of Advanced MR Technology at Stanford (P41 RR09784), and The Lucas
Foundation

.
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Introduction: Balanced steadyResults: The images below show
state free-precession (SSFP) imaging
the water image after IDEAL separaprovides excellent contrast and signal
tion from (a) a single RF phase and (b)
characteristics for angiography at higher
the sum of signals from two RF phase
¿HOGVWUHQJWKV 7RUJUHDWHU EXWVXIcycles. The sum of phase-cycled images
fers from sensitivity to off-resonance efremoves the dark signal band, and also
fects as well as bright fat signal. In this
results in correct fat/water separation.
work, we have combined phase-cycled
The residual bright spot in (b) is a cyst.
SSFP with IDEAL fat/water separation
Finally, (c) shows a coronal maximumWR RYHUFRPH WKHVH GLI¿FXOWLHV 7KH UHintensity projection in another subject,
sulting technique allows high-resolution
with excellent depiction of the arterial
ÀRZLQGHSHQGHQW DQJLRJUDSK\ DW 7
structure and suppression of veins.
with excellent contrast between arteries Single SSFP cycle (a) image showing dark bands (solid black arrow),
Discussion: Balanced SSFP is
and veins, and is demonstrated in healthy fat/water swap (dashed green arrow) and vessel signal loss (dotted red
challenging at 3.0T, due to high sensiDUURZ  FRPSDUHG ZLWK WKH GXDODFTXLVLWLRQ LPDJH E  &RURQDO 0,3 tivity to off-resonance effects. However,
volunteers.
(c) in another subject shows excellent arterial-venous vessel contrast.
Methods: A total of six images are
excellent arterial-venous separation of
acquired at three different echo times,
balanced SSFP at 3.0T with extended
both with and without alternating the SSFP excitation. For each echo
repetition time has been shown previously [8,9]. Further work will optime, the two images with different excitation schemes are simply comWLPL]HWKHÀLSDQJOHDQGVODESUR¿OHWRFRPSHQVDWHIRU%YDULDWLRQWR
bined by complex addition. Resulting images are processed using the itachieve more uniform contrast in images, and use dual leg coils as they
erative decomposition of water and fat using echo asymmetry and least
become available.
squares estimation (IDEAL) algorithm. Finally, the water images are
9,-,9,5*,:-<5+05.:6<9*,
B.A. Hargreaves, S.B. Reeder, H. Yu, A. Shimakawa, J.H. Brittain. Flow
viewed using a maximum-intensity projection for angiographic images.
Independent Angiography at 3.0T with Dual-Acquisition Balanced SSFP and
,PDJHVXVHGD[[PDWUL[RYHUD[[FP)29IRUD
0XOWL(FKR,'($/)RXUWHHQWK6FLHQWL¿F0HHWLQJ,60500D\S
total scan time of 8 min.
This work was funded by NIH 2P41-RR009784 and NIH 1R01HL075803

IDEAL Gradient-Echo Imaging for Articular Cartilage at 1.5T
40:<5./(5 (55:/04(2(>(3/<(5A/6<@<3:*6;;)9,,+,941,(5/)90;;(053.(99@,.63+1,)90(5(
1,2

/(9.9,(=,:1 +,7(9;4,5;6-9(+0636.@2+,7(9;4,5;6-,3,*;90*(3,5.05,,905.3.,/,(3;/*(9,
4
<50=,9:0;@6->0:*65:054(+0:65
1

MRI is the most accurate method of carÀXLGLQ,'($/*5(ZLWKGLIIHUHQWÀLSDQJOHV
tilage assessment including diagnosing cartiand FS-SPGR. All values shown were normallage lesions and measuring articular cartilage
L]HGE\FDUWLODJH615HI¿FLHQF\RQ)663*5,
thickness and volume. 3D fat-suppressed
for the corresponding knee. Error bars represpoiled gradient echo (FS-SPGR) has been one
VHQWHG  VWDQGDUG GHYLDWLRQ The flip angle
of the most common clinical methods to image
which gave the highest cartilage SNR was 10cartilage. Recently, Gradient Echo (GRE)
EXW&15HI¿FLHQF\EHWZHHQWKHFDUWLODJH
imaging combined with IDEAL (Iterative
DQG ÀXLG LQFUHDVHG IXUWKHU DV WKH ÀLS DQJOHV
Decomposition of water and fat with Echo
LQFUHDVHG:LWK WKH ÀLS DQJOH RI   IDEAL
Asymmetry and Least-squares estimation)
*5(JDYHVLJQL¿FDQWO\KLJKHU&15HI¿FLHQF\
has been proposed to enhance cartilage to
than FS-SPGR (p < 0.002) with a slightly higher
ÀXLGFRQWUDVW We optimized WKHÀLSDQJOHRI
FDUWLODJH615HI¿FLHQF\ (p = 0.24).
IDEAL GRE in terms of SNR and CNR and
+LJKÀXLGVLJQDOLVXVHIXOIRUGHSLFWLQJ
0HDQYDOXHVRIPHDVXUHGUHODWLYH615HI¿FLHQF\IRUFDUWLcompared this sequence with FS-SPGR.
VXUIDFHLUUHJXODULWLHVFDUWLODJH¿VVXUHVPHQLVUsing a GE 1.5T scanner, and an 8 ODJHDQGV\QRYLDOÀXLGZLWKGLIIHUHQWÀLSDQJOHVLQ,'($/
cal tears or subchondral edema. With high
GRE. Data from FS-SPGR are shown in the right for
channel phased-array knee coil, we scanned
ÀXLGVLJQDODQGJRRGFDUWLODJH615,'($/
comparison.
6 knees from 6 healthy volunteers. 3D Ideal
GRE is a highly promising technique for ro3D IDEAL GRE used TR = 12.9 ms, three TE values of 4.4, 6.0, and
bust 3D imaging of articular cartilage. In future work, we will compare
PVYDU\LQJÀLSDQJOHVIURPWRWRWDOVFDQWLPHRIPLQ
measurements of cartilage volumes and thickness with segmentation.
SHUVFDQ )663*5XVHGZLWK757( PVÀLSDQJOHWRWDO
9,-,9,5*,:-<5+05.:6<9*,
scan time of 5:35 min. All scans were acquired using 256 x 256 x 32
Scott B. Reeder, Angel R. Pineda, Zhifei Wen, Ann Shimakawa, Huanzhou
PDWUL[FP)29PPVOLFHWKLFNQHVVDQGDFTXLVLWLRQEDQGZLGWKRI
Yu, Jean H. Brittain, Garry E. Gold, Christopher H. Beaulieu, Norbert J. Pelc,
+20.83KHz. 615 HI¿FLHQF\ ZDV WKH PHWULF XVHG WR RSWLPL]H WKH ÀLS
Iterative decomposition of water and fat with echo asymmetry and leastangle and compare sequences.
squares estimation (IDEAL): Application with fast spin-echo imaging 2005, 54
(3):636-644
Figure VKRZVPHDQPHDVXUHG615HI¿FLHQFLHVIRUFDUWLODJHDQGMRLQW
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Balanced steady-state free prestopband ripple. The RF pulses obcession (SSFP) is a fast imaging setained from these two approaches
quence offering good tissue contrast
are shown in Figure 1(b) and (c),
DQG KLJK VLJQDOWRQRLVH HI¿FLHQF\
respectively.
[1]. Little attention has been paid
Using the RF pulses shown in
to one type of artifact often encounFigure 1(b,c,d) and TR=2TE=7ms
tered in SSFP imaging – undesired
DW 7 DQG D  ÀLS DQJOH '
steady-state excitation outside the
SSFP images acquired from a phanselected slice. In practice such unWRPRYHUD[[FP)29DUH
desired excitation often leads to
shown in Figure 2. The off-resospurious imaging of objects outside
nance frequencies were emulated
the selected slice or through-slice
using a local gradient shim of apIn this work we have presented RF pulses for balanced SSFP imaging,
aliasing. The goal of this project which are designed with high stop-band suppression in order to avoid off-slice
proximately 25 Hz/cm. Below each
is to suppress off-slice excitation excitations.
phantom image is shown the maxiin SSFP imaging via designing RF
mum intensity projection along offpulses.
resonance frequency direction. It
To suppress off-slice excitation, it is desirable to have a RF pulse
FDQEHVHHQWKDWWKH5)SXOVHVVKRZQLQ)LJXUH E DQG F VLJQL¿FDQWO\
which only excites the spins inside the selected slice. Therefore we
suppress the off-slice excitation.
want a RF pulse with very small stopband ripple compared with standard excitation pulses. In comparison with the Hamming-windowed
9,-,9,5*,:-<5+05.:6<9*,
SINC function shown in Figure 1(a), two other RF pulses were generOppelt A., et al. Electromedica 54:15, 1986., Pauly J., et al. IEEE TMI, 10(1),
ated by using 1) Shinnar-Le Roux (SLR) design with PM algorithm [2]
p 53, 1991.
DQG PDJQLWXGH¿OWHUGHVLJQZLWKOLQHDUSURJUDPPLQJUHVSHFWLYHO\
W. Lu, B. A. Hargreaves., “Analysis and Suppression of Off-slice Excitation in
*LYHQWKHFRQVWUDLQWVRQPD[LPXPDOORZDEOHSDVVEDQGULSSOH SDVVSSFP Imaging,” in Proceedings of 14th annual meeting of ISMRM, (Seattle),
EDQGIUHTXHQF\VWRSEDQGIUHTXHQF\DQGWKH¿OWHURUGHUQIWKHOLQHDU
2006
This work was supported by Lucas Foundation, NIH, and GE Healthcare.
SURJUDPPLQJLVDEOHWRSURGXFHWKH),5¿OWHUZLWKPLQLPXPSRVVLEOH

7YLKPJ[PUN;YLH[TLU[9LZWVUZLPU)YLHZ[*HUJLY^P[O+`UHTPJ*VU[YHZ[,UOHUJLK490
(5;/65@-(9(5,:/)90(5/(9.9,(=,:)9<*,+(50,3+,7(9;4,5;6-9(+0636.@
Introduction: Structure-function reHSLFDUGLDO¿EHUV,QWKHODWHUDOPLGZDOO 
lationships are essential to understanding
GHSWK ¿EHUVDUHRULHQWHGDWDQDQJOHRI 
biological performance. The complex, but
,QFRPSDULVRQVHSWDOPLGZDOO¿EHUV
KLJKO\ RUGHUHG DUUDQJHPHQW RI P\R¿EHUV LQ
DYHUDJH7KHFLUFXPIHUHQWLDO¿EHUV
the ventricular wall is closely related to reare not located at the midwall, but, instead, at
gional myocardial function. This work tests
ZDOOGHSWKLQWKHVHSWXPDQG
WKHK\SRWKHVLVWKDWPLGZDOOP\R¿EHUVDUHQRW
wall depth in the lateral wall.
oriented in the circumferential direction in all
&RQFOXVLRQV 0LGZDOO P\R¿EHUV DUH QRW
regions of the left ventricle and furthermore
always oriented in the circumferential direction.
WKDW UHJLRQDO JUDGLHQWV LQ P\R¿EHU RULHQWDWhen analyzing ventricular function using MRI
tion are heterogeneous. Regional differences
tissue tagging or displacement imaging it is ofRI P\R¿EHU DUUDQJHPHQW VKRXOG LPSDFW UHWHQDVVXPHGWKDWPLGZDOOP\R¿EHUVDUHRULHQWHG
gional function in addition to having impli- 7KHUDQJHLQ.WUDQVYDOXHVFDOFXODWHGDV0$'LVVLJQL¿in the circumferential direction. Recent MRI
cations for the interpretation of MRI tissue
tissue tagging results demonstrate a correlation
FDQWO\ORZHULQ1RUHVSRQGHUVWKDQLQ5HSRQGHUVLQGLFDWtagging strains.
between greater pre-stretch of the antero-lateral
ing that this parameter may help identify patients who will
0HWKRGV0LGYHQWULFXODUVOLFHVRI¿YHH[ respond to therapy.
and infero-lateral wall and greater circumferenvivo ovine hearts were imaged on a 1.5T GE
tial shortening[3]. This latter result implicates a
Signa Excite scanner using a custom diffusion tensor weighted interleaved
hemodynamic driving force for variations in regional function. The results,
HFKRSODQDULPDJLQJVHTXHQFH5HJLRQDOP\R¿EHURULHQWDWLRQVZHUHPHDKHUHLQVXJJHVWWKDWUHJLRQDOYDULDWLRQVLQP\R¿EHUDUUDQJHPHQWPD\DOVR
VXUHGXVLQJDORFDOFDUGLDFFRRUGLQDWHV\VWHP/RFDOP\R¿EHUGLUHFWLRQZDV
play a role.
GH¿QHGDVWKHDQJOH EHWZHHQWKHSULPDU\HLJHQYHFWRURIWKHGLIIXVLRQWHQ9,-,9,5*,:-<5+05.:6<9*,
sor and the local circumferential direction. Papillary muscles were manually
Ennis DB, Wigström L, Nguyen TC, Skare S, Bammer R, Ingels NB and Miller
PDVNHG7KHOHIWYHQWULFXODUPLGZDOOZDVGH¿QHGDVUDGLDOZDOOGHSWK
'&6WUXFWXUDO%DVLVIRU5HJLRQDO+HWHURJHQHLW\RI/HIW9HQWULFXODU)XQFWLRQ"
EHWZHHQ WKH HSLFDUGLXP DQG HQGRFDUGLXP )LQDOO\ D FLUFXPIHUHQWLDO ¿EHU
ISMRM Conf. Proc. Seattle, WA, USA 2006;
FRQWRXUZDVGH¿QHGIURPDEVSOLQH¿WWRDOOORFDWLRQVZKHUH 
This work was supported by the NIH (T32 CA09695 to DBE; HL29589 to
Results: Contours of the circumferential ¿EHUV
 LQGLFDWHVWKDWLQ
DCM), the Center of Advanced MR Technology at Stanford (P41 RR09784),
WKHODWHUDOZDOOWKHUHLVDSUHSRQGHUDQFHRIQHJDWLYHO\RULHQWHG  
The Lucas Foundation, and the Swedish Heart and Lung Foundation.
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Introduction: BOLD contrast
the measured BOLD contrast.
applied to breast imaging has great
,Q WKH ¿JXUH WKH OHIW LPDJH LV
potential to provide additional dithe BOLD signal when the heart
agnostic information as a supplewas not saturated and the right
ment to that collected with DCEimage is the BOLD signal with
MRI. Recent studies (Gilad, Int. J.
heart saturation. The red mapCancer, 2005) indicate that while
ping indicates that the jittered
conventional DCE-MRI provides
oxygen stimulus correlated with
data on the permeability of a tuan increase in deoxyhemoglobin
mor, BOLD contrast reports on the
in healthy breast vasculature.
tumor’s vascular maturity. Thus,
Conclusion: The method
BOLD contrast can differentiate
presented in this abstract althe healthy vessels that respond to a
lows for greater exploration of
vasoreactive stimulus and those tuBOLD contrast in breast tissue.
)LJXUH7KHOHIWLPDJHLVWKH%2/'FRQWUDVWLPDJHZLWKRXWKHDUWVDWXUDWLRQ7KH
ULJKWLPDJHLVWKH%2/'FRQWUDVWZLWKKHDUWVDWXUDWLRQ
mor vessels that do not. The method
Saturation of signal from the
SUHVHQWHG VLJQL¿FDQWO\ LPSURYHV
heart reduces motion artifacts,
BOLD contrast by using a new pulse sequence that selectively saturates
enabling robust BOLD imaging. Breathing of pure oxygen is also adthe MRI signal of the heart and induces contrast by having the volunteer
vantageous because it does not involve stimulus-correlated motion.
breathe pure oxygen in a time jittered approach.
With an effective imaging method now in place, future studies will foMethods: The designed pulse sequence selectively saturates a cylcus on measuring BOLD contrast in tumors.
inder encompassing the heart while exciting breast glandular tissue. The
BOLD contrast stimulus used for this study consisted of three one-minute blocks of pure oxygen interleaved with room air for a total of seven
9,-,9,5*,:-<5+05.:6<9*,
minutes. This GRE-2D spiral sequence, was tested on the left breasts of
)RUPRUHLQIRUPDWLRQSOHDVHUHIHUWR,6050)RXUWHHQWK6FLHQWL¿F0HHWLQJ
two healthy volunteers at 1.5T with the jittered stimulus.
Program, 2006, Abstract # 3476.
Funding provided by NIH P41-RR09784.
5HVXOWV6DWXUDWLQJWKHVLJQDOIURPWKHKHDUWVLJQL¿FDQWO\LPSURYHG

4909LSH_H[PVU7HYHTL[LY4HWWPUNVM/\THU7SHJLU[HZ7VZ[7HY[\T
*/(9+655(@1=(5*,1,2,3)9<*,5(4,:1,290*/(9+()(9;/3.(9@/.36=,931<50=,9:0;@6-*(30-6950((;),92,3,@
2
*/03+9,5»:/6:70;(36(23(5+9,:,(9*/05:;0;<;,3+,7(9;4,5;6-9(+0636.@(;:;(5-69+

$OWKRXJKSUHHFODPSVLD 3( ZDV¿UVWGHVFULEHGPRUHWKDQ
years ago, both the cause of and a cure for this complicated and life
threatening disease evade researchers and medical caregivers to this
day. In the U.S., PE occurs in roughly 10% of pregnancies and is responsible for at least 20% of maternal deaths and 15% of premature
births in the U.S. Several lines of evidence point towards poor placental implantation and subsequent malformation and dysfunction as
a root cause of this disease. Since MR imaging is a sensitive modality
with which we can study the in vivo placenta with minimal risk to the
fetus, and since very little is known about the magnetic properties of
the human placenta at 1.5 Tesla, our goal is to gain some knowledge
of the magnetic properties of the placenta in order to improve clinical
SUHGLFWLRQ DQG EDVLF VFLHQWL¿F NQRZOHGJH RI WKH KXPDQ SODFHQWD DQG
development of PE. This study of the relaxation parameters of the post
partum human placenta was undertaken on seven different singleton
pregnancies Placentas were collected and their T1 and T2 relaxation

times calculated: two from healthy pregnancies, three from pregnancies
exhibiting mild PE, and two from pregnancies exhibiting severe PE.
There were no differences in the T2 times which could be linked to the
pathology of PE. In contrast, average T1 times were more than two-fold
higher in placentas from two severe PE pregnancies versus two normal
pregnancies (averaging 1693 ms vs. 764 ms, respectively). Including
the mild cases of PE, T1s do appear to correlate with the severity of PE
in this small and unmatched data set. Current work includes development of a fast (< 2min) T1 mapping protocol in order to perform these
measurements in the pregnant patient in vivo, and includes recruitment
of a matched patient population.

9,-,9,5*,:-<5+05.:6<9*,
&-9DQFH%1$PHV*+*ORYHU3RVW3DUWXP5HOD[DWLRQ3DUDPHWHU0DSSLQJ
of Human Placentas at 1.5T : Differences Between Pre-Eclamptic and Healthy
Pregnancies, Proc. Intl. Soc. Mag. Reson. Med (2006) 2320
Ames Foundation, Lucas Foundation, Oak Foundation
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1

Dynamic contrast enhanced (DCE)
A normal volunteer with a tube
MRI breast imaging has shown great
external to the breast was scanned. Gdpromise in discriminating benign and
DTPA was injected after the 8th frame.
malignant breast lesions [1]. It requires
TSENSE reconstruction was done offat suppression and high spatial and temÀLQH &RLO VHQVLWLYLW\ PDSV ZHUH FDOFXporal resolution for the accurate meaODWHGIURPWKH¿UVWIUDPHVWRUHGXFHWKH
surement of dynamic enhancement [2].
sensitivity to the rapid signal changes in
3D spiral combined with bilateral dualthe tube. Fig 1b) shows the signal intenband water-selective spectral-spatial exsities at each frame in the ROI drawn in
citation has been proposed to suppress fat
Fig 1a). Signal intensities with non-acrobustly while obtaining high spatiotemcelerated imaging were also shown for
Fig.1.a) Sagittal image reconstructed with 76(16(, showing ROI
poral resolution [3]. A further increase of
the comparison. Fig.1b) demonstrates
used for measuring signal intensities. b) Contrast-enhancement in a
temporal resolution can be achieved with
that accelerated imaging incorporating
tube external to the breast of a normal volunteer. When GD-DTPA is
parallel imaging. The TSENSE method,
TSENSE increases temporal resolution.
infused rapidly into the tube, signal rapidly rises, and then washes out
ZKLFKLQFRUSRUDWHVWKHWHPSRUDO¿OWHULQJ as a slow saline infusion continues. Intensities with non-accelerated
With shorter scan time for each frame,
with spatial encoding can reduce alias- acquisition and UHFRQVWUXFWHGE\76(16(ZLWKWKHIDFWRURIwere TSENSE also reduced the imaging arshown.
ing artifacts and provide wide temporal
tifacts resulting from rapid contrast
bandwidth [4]. Here, we combined dual-band bilateral acquisition [3]
enhancement.
with TSENSE, using acceleration in the slice-encoding direction.
Using TSENSE can increase temporal resolution in dynamic conImaging was conducted with a GE 1.5T scanner, and an 8 channel
trast enhancement imaging. For the future work, we will increase the
phased-array breast coil. Spiral trajectories with 8 interleaves and 64
acceleration factors and determine the highest acceleration factor that
VWDFNORFDWLRQV[[FP)29RYHUHDFKEUHDVWDQG[[
results in acceptable image quality. We will further increase imaging
3 mm3 resolution, TR = 25.2 ms were used. With the acceleration facspeed by incorporating a partial Fourier with TSENSE [5].
9,-,9,5*,:-<5+05.:6<9*,
tor of 2, we acquired k-space slice encoded lines in a time-interleaved
8+RIIPDQQ*%UL[09.QRSS7+Hß, W. J. Lorenz. Pharmacokinetic
fashion. With the scan time of 6.5 s for one frame, 32 temporal frames
Mapping of the Breast: A New Method for Dynamic MR Mammography. Magn
were acquired over 3.5 min.
Reson Med 1995;33:506-514.

*HWHJP[P]L4PJYVTHJOPULK<S[YHZVUPJ;YHUZK\JLYZMVY49N\PKLK
<S[YHZV\UK(ISH[PVUVM;\TVYZ
:,9,5(/>65.1(:(530,9.<51.62:,5.@(9(306.3<164,969(32(514(9062<750219204)<;;:2(5+);
2/<90@(2<)11+,7(9;4,5;:6-,3,*;90*(3,5.05,,905.(5+29(+0636.@
thick piston. When piston widths are 75-80% of the total membrane
width and the gap is 0.3 microns, the collapse voltage is optimum (1009 IRUWKHGHVLUHG03DRXWSXWSUHVVXUH
These membranes are patterned into a 4 cm diameter, 16-element,
annular array. Using Matlab, the power gain was calculated to be 36 at
4 cm in liver. Using the Pennes Bioheat Equation and the Cumulative
Equivalent Minutes at 43 degrees, the lesion size was calculated to be
0.5 cm in diameter in the focal plane at 30 seconds. Such a lesion size
and design is optimum for ablation and detection under the resolution
of our current MRI temperature maps. We are currently fabricating and
testing these newly optimized devices.

We present the development of a capacitive micromachined ultrasonic transducer (CMUT) array for noninvasive focused ultrasound
ablation under MR-guidance. This system would improve treatment of
abdominal cancers, like metastatic colorectal cancer. Resection of these
cancers increases 5-year survival from 8% to 30-35%, but only 20%
of patients are suitable for resection. For 80% of patients, noninvasive
treatment is needed.
We have demonstrated that current imaging CMUTs can used in
high power and continuous wave mode necessary for focused ultrasound ablation. From these successful results, we have designed and
GHYHORSHGDQHZJHQHUDWLRQRI&087VVSHFL¿FDOO\IRUXOWUDVRXQGDEODtion. Piston CMUTs are ideal for high pressure, CW output. Using two
SOI bondings, a thick silicon mass is created at the membrane center
to independently control the membrane mass and elasticity. Using an
axisymmetric model in ANSYS, we optimized the output pressure and
frequency responses to 1Mpa and 2MHz, ideal for noninvasive surgeries. The best design has a thin 1 micron membrane with 4.5 micron

9,-,9,5*,:-<5+05.:6<9*,
S.H. Wong, A.S. Ergun, G.G. Yaralioglu, O. Oralkan, M. Kupnik, R.K. Butts,
and B.T. Khuri-Yakub, “Capactive Micromachined Ultrasonic Transducers for
High intensity Focused Ablation of Lower Abdominal Tumors,: submitted to
IEEE Symposium on Ultrasonics, 2006. NIH R01 CA77677.
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6W[PTPaH[PVUHUK=HSPKH[PVUVM49=*<.\ZPUN[OL?49:`Z[LT
:*/9,@(:=(:(5(>(3(1(9<5.(5.<3@1)9<*,+(50,31=063(90,2,1204)<;;:7(<3@190*/(9+()(9;/29,),**(
-(/90.1>0330(42,55,+@3+,7(9;4,5;:6-19(+0636.@27,+0(;90*9(+0636.@(5+3<9636.@
This past year we have made furimages covering the bladder, ureters,
ther progress developing an MRI proand kidneys with an MR imaging speed
cedure for diagnosing and monitoring
of 1 img/3.5 seconds, and ascertained
YHVLFRXUHWHUDO UHÀX[ 985  ZLWK WKH
optimal gadolinium concentrations
DLP RI VLJQL¿FDQWO\ UHGXFLQJ WKH UDfor maximal image contrast. We have
diation burden imposed on pediatric
completed combined x-ray/MRI exampatients.
inations on SDWLHQWV VHH¿JXUH ZLWK
Currently a x-ray voiding cystotwo more scheduled for the near fuXUHWKURJUDP 9&8*  LV WKH VWDQGDUG
WXUH*UDGLQJ985RQDSRLQWVFDOH
7ZR05LPDJHV OHIW UHYHDOGLODWHGUHQDOFDO\FHVUHQDOSHOYLVDQG
of care for the diagnosis of vesicourewith both methods, we have thus far
WHUDO UHÀX[$OWKRXJK KLJKO\ DFFXUDWH XUHWHUVELODWHUDOO\FRQ¿UPHGE\DFRQFRPLWDQW[UD\LPDJH ULJKW 
found an encouraging 88% agreement
IRU FKDUDFWHUL]LQJ DQG JUDGLQJ UHÀX[
FRQ¿GHQFHLQWHUYDORI± 
there is a considerable radiation exposure from this procedure. A stanbetween the two methods.
dard examination includes a preliminary abdominal AP radiograph and
Currently to the best of our knowledge there is not an active naLQWHUPLWWHQW ÀXRURVFRS\ ZKLFK DOORZV GHWHFWLRQ DQG WKH FKDUDFWHUL]Dtional or international effort directed at the development of MR voidWLRQRIWKHUHÀX[EDVHGRQWKHDSSHDUDQFHRIWKHFDO\FHVSHOYLVXUHWHU
ing cystography to aid in the detection and management of vesicoureand ureterovesical junction. Frequently, patients will undergo yearly xWHUDOUHÀX[:HDUHHQFRXUDJHGE\RXULQLWLDOUHVXOWVDQGDUHH[FLWHG
UD\9&8*VWRHYDOXDWHWKHVWDWXVRIWKHLUYHVLFRXUHWHUDOUHÀX[DVWKH\
to continue development and validation of a non-radiation diagnostic
await spontaneous resolution.
SURFHGXUHWRGHWHFW985WKDWFRXOGSRWHQWLDOO\KDYHDWUHPHQGRXVSRVL:H KDYH GHYHORSHG D QRYHO 05,FRPSDWLEOH [UD\ ÀXRURVFRS\
tive effect on the healthcare of children in the local community and
system, described in detail in previous reports. With this system, we
worldwide.
are uniquely able to develop an MRI voiding cystourethrogram protocol and validate this protocol against the gold standard x-ray voiding cystourethrography during a single catheterization. Thus far, we
9,-,9,5*,:-<5+05.:6<9*,
KDYHUH¿QHGWKH05,compatible x-ray fluoroscopy system for this
This work is supported by NIH R01 EB000198, the OTL Research Incentive
application and we have established feasibility of obtaining MR
Fund, and the Lucas Foundation.

:JH[[LY*VYYLJ[PVUMVY?YH`0THNPUN<ZPUN7YPTHY`4VK\SH[PVU!(7OHU[VT:[\K`MVY*)*;
3,0A/<1,2596),9;),55,;;29,),**(-(/90.2+,7(9;4,5;:6-1,3,*;90*(3,5.05,,905.(5+29(+0636.@
An x-ray system with a large area
in our study. Scatter correction results usdetector, such as cone-beam CT (CBCT),
ing the primary modulator are compared
is much less immune to scatter than fanwith those without scatter correction and
beam CT, and the high scatter-to-primary
with scatter inherently suppressed using
ratios (SPR’s) result in cupping/shading
the slot-scan geometry. The comparisons
distortions in reconstructed CT images.
show that the primary modulation apRecently, we have developed a scatter
proach reduces the relative error of the
correction algorithm that provides accureconstructed image around the central
rate scatter correction without additional
region of interest from 31.80% to 2.30%.
patient exposure. A calibration sheet (priThe reconstructions of the resolution test
mary modulator) with a checkerboard patobjects also reveal that this algorithm has
tern of attenuating materials is inserted
no noticeable impact on the resolution of
between the x-ray source and the object,
WKHUHFRQVWUXFWHGLPDJHDOWKRXJKD¿OWHUso that the primary distribution of the proing-based technique is used. Future work
jection image is partially modulated by a
' SUR¿OH FRPSDULVRQ RI WKH D[LDO YLHZV RI WKH UHFRQVWUXFWHG includes the modulation transfer function
high-frequency function in the spatial do(MTF) measurement, and a further evaluCatphan600 phantom.
main. With the assumption that the scatter
ation of the algorithm performance using a
is very insensitive to the x-ray source intensity spatial variation, lowSULPDU\PRGXODWRUZLWKD¿QHUJULGSDWWHUQ
frequency behavior still dominates in the scatter distribution. Filtering
DQGGHPRGXODWLRQWHFKQLTXHVWKHQVXI¿FHWRH[WUDFWWKHORZIUHTXHQF\
9,-,9,5*,:-<5+05.:6<9*,
components of the primary and hence obtain the scatter estimation and
1. L. Zhu and R. Fahrig, “A New Scatter Correction Method for X-ray and
9ROXPHWULF&78VLQJ3ULPDU\0RGXODWLRQ´3URFHHGLQJVRI561$&KLFDJR
correction. The algorithm has been evaluated by Monte Carlo (MC)
IL, USA, 2005.
simulations. In this work, a physical primary modulator with the pattern
2. L. Zhu, R. Bennett and R. Fahrig, “Scatter correction method for x-ray CT
suggested in the previous study is built using aluminum, and experiusing primary modulation: Theory and preliminary results”, IEEE Tran. On
ments are carried out on our bench-top CBCT system with the insertion
Med. Imaging, (submitted).
of the modulator. A standard evaluation phantom, Catphan 600 is used
This project is supported by NIH R01 EB003524 and the Lucas Foundation.
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;OYLLKPTLUZPVUHS(KHW[P]L-PS[LYPUNVM7YVQLJ[PVU+H[HMVY5VPZL9LK\J[PVUPU3V^KVZL*HYT*;
3(9:>0.:;9k49,),**(-(/90.+,7(9;4,5;6-9(+0636.@
Recent developments of C-arm CT
Medical Solutions) was used to acquire
have enabled the acquisition of three-di235 projections during a 5 second sweep.
mensional (3D) data in the interventional
The dose at the detector was 0.17 µGy/
suite. With the acquisition of an increasSXOVH7KHRULJLQDODQG¿OWHUHGSURMHFWLRQ
ing number of projections it is essential to
data were reconstructed using a Feldkamp
minimize the radiation dose used. Adaptive
reconstruction algorithm.
DQLVRWURSLF ¿OWHULQJ KDV WKH DELOLW\ WR UHThe noise level was measured as
duce the noise level in low-dose data withthe standard deviation within homogout introducing noticeable blurring. By apenous regions in the phantom, and spatial
SO\LQJWKH¿OWHULQJSULRUWR'UHFRQVWUXFresolution was assessed based on visual
tion, noise induced streak artifacts can also
inspection of the test pattern in the high
EH UHGXFHG PRUH HI¿FLHQWO\ FRPSDUHG WR
resolution module of the same phantom.
processing in the image domain.
Results: Using the adaptive anisotro0HWKRGV $QLVRWURSLF ¿OWHULQJ ZDV
SLF¿OWHULQJDOJRULWKPWKHVWDQGDUGGHYLDXVHGWR¿OWHUWKHREWDLQHGVWDFNRISURMHFtion in homogenous regions was reduced
tion images. The orientation of structures
E\PRUHWKDQ9LUWXDOO\QRGHJUDGDwithin this 3D space (2D projections +
tion of high contrast spatial resolution
angle) was estimated using a set of differwas seen (the resolution both before and
HQWO\ RULHQWHG ¿OWHUV 7KH REWDLQHG WHQVRU 2ULJLQDO OHIW DQGUHVXOWDIWHUDGDSWLYH¿OWHULQJ ULJKW VKRZLQJ
DIWHUDGDSWLYH¿OWHULQJZDVOLQHSDLUV
representation of the local orientation was
per cm).
a reduction in noise level (upper) with essentially maintained
XWLOL]HGWRFRQWUROWKHDQLVRWURSLF¿OWHULQJ spatial resolution (lower)
Conclusion: Adaptive anisotropic
RIWKHGDWDLQRUGHUWRDSSO\ORZSDVV¿OWHU¿OWHULQJKDVWKHSRWHQWLDOWRVXEVWDQWLDOO\
ing along structures while maintaining all frequency components perreduce the radiation dose required for obtaining 3D image data using
pendicular to these.
C-arm CT.
9,-,9,5*,:-<5+05.:6<9*,
For evaluation, a low-dose dataset was obtained using the
Research support from Siemens Medical Solutions and NIH Grant EB003524
Catphan® 600 phantom. An AXIOM Artis dTA system (Siemens

;LTWVYHS0U[LYWVSH[PVUPU9L[YVZWLJ[P]LS`.H[LK*HYKPHJ*HYT*;9LJVUZ[Y\J[PVU
3(9:>0.:;9k41.l5;,93(<90;:*/21(5)6,:,2/,9),9;2,4,;/29,),**(-(/90.1+,7(9;4,5;6-9(+0636.@
:;(5-69+<50=,9:0;@:;(5-69+*(2:0,4,5:(.4,+0*(3:63<;065:-69*//,04.,94(5@
We have extended the capability of C(MFTs) calculated based on the in-vitro exarm CT to cardiac imaging by applying the
periment showed only a minor drop in spaconcept of ECG gating during the acquisition
tial frequency response with the Gaussian
of multiple rotational acquisitions. For each
interpolation compared to nearest neighbor.
projection angle, the obtained raw data conA slight improvement the noise level was
sists of a set of images acquired at different
obtained using Gaussian interpolation. In the
cardiac phases. In order to retrospectively
porcine model, Gaussian interpolation resultUHFRQVWUXFWD'LPDJHYROXPHDWDVSHFL¿F
ed in slightly reduced noise and streak articardiac phase, projection data correspondfacts, but at the expense of some blurring.
ing to that phase has to be assembled. In this
Conclusion: Interpolation in the temstudy we have compared the results from only
poral dimension can potentially improve the
selecting the input frames acquired closest
signal-to-noise ratio (SNR) in the resulting
in time to the desired cardiac phase (nearest
images, by incorporation data from multiple
neighbor) and interpolation in the temporal
sweeps. However, when using a wide interdimension using a Gaussian kernel.
SRODWLRQNHUQHOVLJQL¿FDQWEOXUULQJFDQDOVR
Methods: Temporal interpolation of
be introduced. Consequently, the optimal inprojection data was implemented using nearterpolation will be dependent on the applicaComparison of cardiac C-arm CT data reconstructed using
est neighbor or Gaussian interpolation. An
tion and the available SNR.
nearest neighbor (top) and Gaussian interpolation (botin-vitro experiment was performed using a
tom) in a long axis (left) and a short axis (right) view of
phantom with a tungsten bead moving along
the porcine heart.
a trajectory similar to longitudinal cardiac
9,-,9,5*,:-<5+05.:6<9*,
Towards Cardiac C-Arm Computed Tomography, Lauritsch, G.; Boese, J.;
motion. Projection data were acquired during four ECG synchronized
Wigström, L.; Kemeth, H.; Fahrig, R.;
sweeps with the C-arm. 165 projections were obtained during each 6
,(((7UDQVDFWLRQVRQ0HGLFDO,PDJLQJ9ROXPH,VVXH-XO\
s sweep. Using the same acquisition protocol, image data were also
Page(s):922 – 934
acquired using an in-vivo porcine model.
Research support from Siemens Medical Solutions, the Lucas Foundation and
Results: Point spread functions and modulation transfer functions
the NIH.

96

(K]HUJLK?9H`;LJOUPX\LZ

0U]P]V+:[LU[0THNPUN^P[O*HYT*;
(9<5+/<;0.(5.<3@1(3,?:*/5,0+,92596),9;),55,;;19,),**(-(/90.-+,7(9;4,5;:6-9(+0636.@
(5+24,*/(50*(3,5.05,,905.
(6) acquiring the projections. Images are acquired using
We have developed an in vivo imaging methautomatic exposure control with a preset maximum dose.
RG IRU ' YLVXDOL]DWLRQ RI WKH VXSHU¿FLDO IHPRThe reconstructed images are analyzed using software
ral artery (SFA) stents. These stents are used for
developed by our group that locates the stent centerline
treating atherosclerotic disease of the SFA. At 10
DQG¿WVHOOLSVHVSHUSHQGLFXODUWRLW7KLVDOORZVFDOFXODmonths after deployment, they can have as high
tion of the changes in stent length and eccentricities of the
as 37% fracture rate1. Fractured stents lead to
ellipses. By unwrapping these stent images, the shear and
increased restenosis and occlusions2. The exact
hence the torsion is visualized.
causes for these breakages are not known. It is
The 10 subjects imaged (9 men and 1 woman,
K\SRWKHVL]HGWKDWUHSHWLWLYHNQHHDQGKLSÀH[LRQV
Figure 1 C-arm CT in vivo images of a stent
PHDQDJH\HDUV KDGRURYHUODSSLQJVWHQWV
cause extensive bending, torsion and compression
LQ WKH D  µVWUDLJKW¶ DQG E  µEHQW¶ SRVLWLRQV in either left or right leg. Four of the data sets have
of the untethered SFA stent causing its fracture 2.
The automatically determined centerline is
EHHQDQDO\]HGWRGDWH2IWKHVHVKRZHGVLJQL¿FDQW
Our imaging protocol investigated these deformashown, along with the bounding box. The
tions by determining the forces on the stent for
FRUUHVSRQGLQJ ' µXQZUDSSHG¶ LPDJHV DUH shortening and one showed lengthening of the stent
VKRZQLQF µVWUDLJKW¶DQGG µEHQW¶DQGWKH from straight to bent position. The length change vardifferent positions of the leg.
local shear resulting from the change in poied from 1.5mm to 11.5mm.
A prototype C-arm CT system (Siemens Axiom
Future work will involve optimizing patient dose
dTA, Siemens Medical Solutions AX, Forccheim, sition can be seen.
and image quality by selection of focal spot size and maximum exposure
Germany) was used for imaging SFA stents in volunteers. Projection images
OHYHO4XDQWL¿FDWLRQRIWRUVLRQDOGHIRUPDWLRQXVLQJLQYLWURVWHQWVZLWK
RYHUDDUFDUHEDFNSURMHFWHGIROORZLQJ¿OWHULQJDQGFHQWHURIURWDWLRQ
known load, referenceless rigid body transformations between straight
correction to create the 3D volume image. This high resolution system (250
DQGEHQWOHJLPDJHVYHVVHOGHIRUPDWLRQFDOFXODWLRQVXVLQJFDOFL¿FDWLRQ
µm at iso-center) allows excellent imaging of high contrast objects such as
landmarks, and imaging during weight bearing will also be investigated.
stents. The imaging protocol involves: 1) placing the subject on a special
table extension with the leg in a straight position (2) centering the stent in the
9,-,9,5*,:-<5+05.:6<9*,
¿OHGRIYLHZ )29 XQGHUÀXURVRFRS\E\WDEOHDGMXVWPHQWV  DFTXLULQJ
Scheinert D, Scheinert S, Sax J, Piorkowski C, Braunlich S, Ulrich M, Biamino
494 projections during a rotation of 20s (4) repositioning the subject using
G, Schmidt A. Prevalence and Clinical Impact of Stent Fractures After
DDQGZHGJHVIRUKLSDQGDQNOHVXSSRUWUHVSHFWLYHO\DQGDVPXFK
Femoropopliteal Stenting. Journal of the American College of Cardiology. 45
NQHHÀH[LRQDVDOORZHGE\WKHLPDJLQJJHRPHWU\  UHFHQWHULQJWKHVWHQW
(2): 312-315. 2005. SRI Stent consortium, and EB003524

*OHYHJ[LYPaH[PVUVMH5V]LS(U[OYVWVTVYWOPJ7SHZ[PUH[LK3\UN7OHU[VT
:<5.>65@665196),9;>/,59@3+655(4)6<3,@39,),**(-(/90.2+,7(9;4,5;:6-,3,*;90*(3,5.05,,905.
2

9(+0636.@:;(5-69+<50=,9:0;@3<50=,9:0;@6-;,55,::,,

We are interested in quantifying the anatomical and imaging characteristics of a novel anthropomorphic lung phantom constructed using plastination. In this work , we investigated whether a novel
plastinated lung phantom retains the anatomical and
imaging characteristics of an in-vivo lung.
)RU TXDQWL¿FDWLRQ D SLJ¶V WKRUD[ ZDV
scanned in-vivo at known partial pressures on
D FOLQLFDO &7 6LHPHQV 6HQVDWLRQ  N9S
100mAs, recon 0.54x0.54x0.75mm^3). The
OXQJV ZHUH H[WUDFWHG LQÀDWHG DQG ¿[HG E\ LQtra-tracheal perfusion of 10% formalin while the
pulmonary vessels were injected with Silastic
( 579 VLOLFRQH7KH VSHFLPHQ ZDV GHK\GUDWHG
UHPRYHDQGUHSODFHWLVVXHÀXLGZLWKDQRUJDQLF
(a) Sample CT slice of a in-vivo lung. (b) Sample
solvent) in cold acetone and the lungs were imCT slice of the anthropomorphic phantom. (c)
pregnated with a curable silicone polymer via
Simulated projection of the in-vivo acquired CT
slowly decreasing pressure. Finally, the polydata. (d) Simulated projection of the anthropomorphic phantom CT data. The red arrows in (c)
mer was polymerized using a curing agent. The
SODVWLQDWHGSKDQWRPZDVWKHQVFDQQHG N9S and (d) indicate pulmonary tissue regions where
the anatomical complexity show resemblance
200mAs, 0.43x0.43x0.75mm^3). Anatomical
such as the branching of vessels.
features, volume measurements, and CT values
were compared using in-vivo and phantom clinical CT reconstructions.
The plastinated phantom is stable on the timescale of years and
retains major anatomical features of the in-vivo lung. The phantom airway volume was 66% of the in-vivo measurement at inspiration but
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HTXDO WR WKH PHDVXUHPHQW DW H[SLUDWLRQ 9HVVHO
and lung volume comparisons were complicated
E\ LQFRPSOHWHO\ ¿OOHG YHVVHOV DQG DLU SRFNHWV
inside the phantom; nevertheless, lung volume
measurements differed by less than 15%. Mean
CT values of the cardiac tissue in the phantom
(168 +/- 46) were 132 HU higher than in-vivo
(36 +/- 87). Mean CT values of the pulmonary
tissue were nearly equivalent for both datasets, attributed to an 11% decrease in the apparHQW WLVVXH GHQVLW\ GXH WR RYHULQÀDWLRQ GXULQJ
plastination.
This work shows that the novel plastinated
lung phantom retains the anatomical and imaging
characteristics of an in-vivo lung. This accurate
and complex lung phantom has many uses including imaging system comparisons, providing a
known, stable reproducible complex background
for visibility studies and will be used for our own
studies in lung tomosynthesis optimization.

9,-,9,5*,:-<5+05.:6<9*,
Submitted and will be presenting at 2006 AAPM
meeting in August.
This work is supported by the Whitaker Foundation,
the Baxter Foundation, and the Lucas Foundation.
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Purpose: We are interested in the
piece-wise constant phantom and comimaging of the chest area for lung nodule
SDUHGZLWK0/(0DQG¿OWHUHGEDFNSURscreening purposes. This task requires a
jection reconstructions. We repeated the
fast, low-dose imaging system that proinvestigation with measurement noise
vides improved detection compared with
and compared the reconstructions. We
radiography, but lower dose and faster
showed that the proposed technique rescanning than clinical CT. One such apsults in better reconstructions (e.g. 2.00%
proach is to reconstruct iteratively from
mislabeled pixels compared to 13.47%
sparse angularly sampled projection data;
for the segmented MLEM) for sparse
another is to reconstruct iteratively from
angularly sampled noisy projections of a
limited-angle projection data.
piece-wise constant object.
Materials and Methods: We propose
Conclusions: These encouraging
a new reconstruction technique for sparse
preliminary results from reconstruction
angularly sampled projections using the
technique using strong prior information
level set method. Sparse sampling not
DUH WKH ¿UVW VWHS WRZDUG DQ LQYHVWLJDWLRQ
Reconstruction comparisons. (a) Original phantom used
only provides faster acquisition but also
of more realistic situations where the prior
E 8Q¿OWHUHGEDFNSURMHFWLRQ F )LOWHUHG +DQQ EDFNSURdelivers lower dose to the patients. By
assumption (piece-wise constant) does not
MHFWLRQ G 0D[LPXP/LNHOLKRRG([SHFWDWLRQ0D[LPL]DWLRQ
assuming a piece-wise constant function
strictly hold. We are currently developing
UHFRQVWUXFWLRQ H 7KUHVKROGVHJPHQWDWLRQRIWKH0/(0UHfor the chest area where the anatomical
more robust algorithm implementations for
construction (f) Proposed level set reconstruction
features are relatively simple and may be
2D and 3D data and also looking into other
PRGHOHGDVFRQVLVWLQJRID¿QLWHQXPEHURIGLVWLQFWPDWHULDOVZHLQFRUapplications where only sparsely sampled projection data is available.
porate this prior information into the iterative reconstruction technique.
To minimize the functional that measures the inconsistency between the
9,-,9,5*,:-<5+05.:6<9*,
measured and estimated projections, we use the level set method.
Submitted to 2006 IEEE Medical Imaging Conference (November)
Results: In this work, we applied the proposed technique using
This work is supported by the Whitaker Foundation, the Baxter Foundation, the
Lucas Foundation, and the American Lung Association.
2 level-set curves on 13 noise-free projection images of an analytical

;Y\UJH[PVU(Y[PMHJ[*VYYLJ[PVUPU*HYKPHJ*(YT*;
J(9,+:;(94(51569),9;:;96),32569),9;7,3*39,),**(-(/90.31+,7(9;4,5;6-,3,*;90*(3,5.05,,905.2:0,4,5:
4,+0*(3:63<;065:3+,7(9;4,5;6-9(+0636.@

C-Arm CT systems suffer from artifacts
GXHWRWUXQFDWHGSURMHFWLRQVFDXVHGE\D¿QLWH
detector size. Theoretically exact reconstrucWLRQVIRUFHUWDLQVSHFL¿FWUXQFDWLRQJHRPHWULHV
have been investigated recently, but for small
detectors (or large patients) it is quite easy to
have a geometry that violates the minimum
data needed to reconstruct a suitable, artifactIUHH¿HOGRIYLHZ )29 IRUWKRVHDOJRULWKPV
For instance, if every single projection is truncated in an acquisition, no theoretically exact
reconstruction will work. Thus, only heuristic
or approximate algorithms are suitable for very
severely truncated acquisitions.
Preliminary investigations of the data
truncation problem for the case of a 20cm detector centered on a heart, using real porcine
data have been performed. Full width datasets
ZHUH FROOHFWHG ZLWK D FP ZLGH ÀDWSDQHO
detector, and the raw projection data was arti¿FLDOO\ WUXQFDWHG WR FP$Q DOJRULWKP SURposed by Ohnesorge et al, referred to as symPHWULF PLUURULQJ ZDV PRGL¿HG WR LQFOXGH WK
and 1st moment constraints in a similar manner
as presented in [1]. An example reconstruction
can be seen in Figure 1, where an average er-

Central axial plane from volume reconstructions of
a pig thorax from data taken with the C-Arm system.
a) Reconstruction using the entire detector width (40
cm), b) reconstruction from projections truncated to
a size equivalent to a 20 cm wide detector centered on
WKHKHDUWF UHFRQVWUXFWLRQDIWHUDSSO\LQJDPRGL¿HG
symmetric mirror algorithm to the truncated projections in b), and d) reconstruction from using a previous CT scan to extrapolate the simulated truncated
projections. The image quality in d) is much better
WKDQE RUF ZLWKDQDYHUDJHJUD\OHYHO */ HUURURI
*/ZKHQFRPSDUHGWRWKHIXOOUHFRQVWUXFWLRQLQD 
for a region of interest centered on the heart.
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ror in gray levels (GL) over the central 7.5cm is
93 GL. Another technique was investigated which
makes use of existing CT reconstructions. After
¿UVWSHUIRUPLQJWKHPRGL¿HGV\PPHWULFPLUURULQJ
technique, a 3D/3D registration between the truncated C-Arm volume and an a priori CT volume of
the subject was performed. The registered CT data
was forward projected to the C-Arm geometry to
create digitally rendered radiographs (DRRs). The
DRRs were used directly to extrapolate the truncated C-Arm projections, after appropriate scaling
of the DRRs was performed. This technique gave
by far the best results as seen in Figure 1, with an
average error of 10 GL.
Future work will focus on improving the
quality of the 3D/3D registration. For the case
where a previous CT reconstruction is not available, future work will try to improve image quality through more accurate 0th and 1st moment
estimates and other possible methods.

9,-,9,5*,:-<5+05.:6<9*,
J. Starman, N. Pelc, N. Strobel, R. Fahrig,
“Estimating 0th and 1st moments in C-arm CT data
for extrapolating truncated projections,” Proc. SPIE
9ROS0HGLFDO,PDJLQJ,PDJH
Processing; April 2005.
NIH grant R01 EB003524 and Siemens Medical Solutions
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(+9LJVUZ[Y\J[PVU(SNVYP[OTMVYHU0U]LYZL.LVTL[Y`*;:`Z[LT
165.+<2)(,2569),9;17,3*+,7(9;4,5;6-9(+0636.@(5+,3,*;90*(3,5.05,,905.
Introduction: This work investigates a 2D IGCT reconstruction method without gridding.
Within this investigation, a new
method is developed for correcting artifacts introduced by rho
error.
Method and Materials: The
IGCT system is composed of
many equally spaced fan beam.
The proposed reconstruction
algorithm uses this similarity between IGCT system and fan beam
V\VWHP ,Q RUGHU WR JHW KLJK UHVROXWLRQ ]HURV DUH ¿OOHG EHWZHHQHDFK
SURMHFWLRQGDWDDQGUHFRQVWUXFWLRQLVSHUIRUPHGIURPWKHVH]HUR¿OOHG
data set. Because of slight difference between IGCT system and fan
beam system, ringing artifacts are introduced. A new method has been
developed to remove these artifacts. This correction uses a pre-den-

sity weighting for IGCT system,
and this pre-density weighting is
calculated from matrix inversion
between fan beam reconstruction
image and IGCT reconstruction
image. To verify the performance
of the reconstruction algorithm,
data was simulated using 4 detector IGCT system geometry.
Result:Simulations using the
IGCT geometry show high frequency artifacts caused by rho error. These artifacts are corrected when
the proposed pre-density weighting is used.
Conclusion: A 2D direct IGCT reconstruction is performed by using pre-density weighting. This method can be applied to normal IGCT
geometry.

,]HS\H[PVUVMH-HZ[+9LJVUZ[Y\J[PVU(SNVYP[OTMVYHU0U]LYZLNLVTL[Y`*;:`Z[LT
:(4<,394(A051,2(5+569),9;17,3*1+,7;6-,3,*;90*(3,5.05,,905.2+,7;(9;4,5;:6-9(+0636.@
(5+3)06,5.05,,905.
Inverse-geometry CT (IGCT)
Projection data for a numerical
is a new type of volumetric CT
torso phantom and a numerical
JHRPHWU\ 9ROXPHWULF FRYHUDJH
“Defrise” phantom were simuand high isotropic resolution
lated under the IGCT geometry.
demand a fast 3D reconstrucTo evaluate the FORE algorithm
tion algorithm. IGCT employs
on a real data set, a prototype
a large array of focal spots opIGCT system was assembled
posite a detector array that
involving a 100x100 scannedshares the same axial extent as
anode source array and a 48x48
the source but is much smaller
photon-counting detector array
in the transverse direction. A
mounted on a C-arm system
VLQJOH URWDWLRQ LV VXI¿FLHQW WR FORE reconstruction of the central slice of the anthropomorphic torso (NovaRay, Inc., Palo Alto, CA).
acquire a 10 cm thick volume phantom.
An anthropomorphic phantom
with isotropic resolution. Since
containing a real porcine heart
IGCT projection data are truncated longitudinally, a standard 3D
was scanned in a step-and-shoot mode with the C-arm in a hori¿OWHUHGEDFNSURMHFWLRQDOJRULWKPUHTXLUHVDIRUZDUGSURMHFWLRQ
zontal orientation. The FORE algorithm averaged 30 sec/slice
step after an initial reconstruction of un-truncated projections to
while Feldkamp averaged 30 min/slice. Like Feldkamp, FORE
complete the truncated projections. The method is slow due to
suffers from cone-beam blurring in z, however it does not suffer
this and the need to process so many projections. The purpose of
from cone-beam streaking artifacts. FORE proved to be both fast
this work is to evaluate a very fast algorithm based on Defrise’s
and reasonably accurate.
Fourier Rebinning (FORE) algorithm for PET. A 3D reconstruc9,-,9,5*,:-<5+05.:6<9*,
tion algorithm was developed based on FORE. For compariS. R. Mazin, N. J. Pelc, “Evaluation of a Fast 3D Reconstruction Algorithm for
son, a Feldkamp-like algorithm was developed that generates
an Inverse-Geometry CT System”, submitted to IEEE NSS/MIC, 2006.
an average of Feldkamp reconstructions from each source row.
GE Healthcare, American Heart Association, Lucas Foundation
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4V[PVU(Y[PMHJ[ZMYVTHU0U]LYZLNLVTL[Y`*;:`Z[LT^P[O4\S[PWSL+L[LJ[VY(YYH`Z
:(4<,394(A051,2(5+569),9;17,3*1+,7;6-,3,*;90*(3,5.05,,905.2+,7(9;4,5;:6-9(+0636.@
(5+3)06,5.05,,905.
Inverse-geometry CT (IGCT) is
only by the central detector array, 2) the
a promising new scanning geometry.
transition between the inner and outer
Employing a scanned-anode x-ray
regions, and 3) the outer region which
source array the system is expected
is sampled by all three detector arrays.
to provide sub-second volumetric
2D simulations assumed 125 “views”
imaging with isotropic resolution
acquired in step-and-shoot mode over
and no cone-beam effects. Three de360 degrees. A gridding algorithm was
tector arrays spaced apart laterally
used to resample the data into parallel
FDQ DFKLHYH D  FP LQSODQH ¿HOG
UD\ GDWD ZKLFK ZHUH WKHQ ¿OWHUHG DQG
RIYLHZ )29 ZLWKDFPVRXUFH
backprojected. Artifacts from the inner
However, when three separate detecregion are exactly like those that arise
tor arrays are used, motion artifacts
in a traditional CT system. The most
are expected to be different than in
VLJQL¿FDQWDUWLIDFWVFDXVHGE\WKHPXOWL
D 0RWLRQDWFPRIIFHQWHUVKRZLQJDUWLIDFWVIURPWKHWUDQVLWLRQEHWZHHQ
conventional CT and need to be as- detector arrays. (b) Same but with detector arrays spaced at 20 deg. instead detector nature of the system are in the
sessed. The purpose of this work is to
outer region, at the angles where the obof 23.6 deg. which increases the overlap region size and reduces the streakstudy motion artifacts across the in- ing artifact. Images are windowed to better see the motion artifacts.
ject sampling transitions between detecSODQH )29 RI DQ LQYHUVHJHRPHWU\
tor arrays. These streaking artifacts are
CT (IGCT) system with multiple detector arrays. Due to the breakup of
comparable to motion artifacts in conventional CT and can be reduced
WKH)29LQWRUHJLRQVWKDWDUHVDPSOHGE\GLIIHUHQWGHWHFWRUDUUD\VSURE\LQFUHDVLQJWKHRYHUODSUHJLRQDWWKHH[SHQVHRI)29VL]HDQG615
jection measurements that are adjacent in Radon space can be measured
uniformity.
at very different points in time. This leads to concerns about the effects
of motion and how the resulting artifacts compare at different points
9,-,9,5*,:-<5+05.:6<9*,
LQWKH)296LPXODWLRQVZHUHSHUIRUPHGIRUWZRREMHFWVUHSUHVHQWLQJ
S. R. Mazin, N. J. Pelc, “Motion artifacts from an inverse-geometry CT system
slow and fast motion as well as periodic and non-periodic motion. The
with multiple detector arrays”, in Medical Imaging 2006: Physics of Medical
VLPXODWLRQVZHUHUHSHDWHGDWGLIIHUHQWSRLQWVLQWKH)29WRVWXG\PRImaging, Proc. SPIE 6142, 2006.
GE Healthcare, American Heart Association, Lucas Foundation
tion effects in three regions: 1) the inner 15 cm region which is sampled

+VZL,MÄJPLUJ`(UHS`ZPZMVY*HYT*;0THNPUN:`Z[LTZ
569),9;:;96),31,2,96),9;+0?653;/64(:7(@5,490*/(9+3469055(9<5+/<;0.(5.<3@1
(5+9,),**(-(/90.1+,7(9;4,5;:6-9(+0636.@1:;(5-69+<50=,9:0;@2:0,4,5:4,+0*(3:63<;065:
3
>(2,-69,:;<50=,9:0;@()6;;569;/>,:;,95/6:70;(34(@6*3050*
We conducted an image quality
a mathematical relationship between the
analysis of a state-of-the-art C-arm CT
diameters of ‘just visible’ objects and their
imaging system (AXIOM Artis dTA,
associated dose values based on Rose’s
Siemens Medical Solutions, Forchheim,
threshold signal-to-noise ratio. Using this
Germany). The Catphan 600 image qualequation, we could then compare detectity phantom was imaged at various dose
DELOLW\SUR¿OHVREWDLQHGIRUGLIIHUHQWGRVH
levels and tube voltages. To determine
settings.
which tube voltage yields the best image
Our perception study involving the
TXDOLW\IRUWKHGRVHDSSOLHGZH¿UVWVXJCatphan 600 image quality phantom ingested a dose metric, then measured it,
dicates that one can expect to see at least
DQG¿QDOO\FRQGXFWHGDSHUFHSWLRQVWXG\
the 9 mm Catphan inset with 0.5% nomiLQYROYLQJGHWHFWDELOLW\SUR¿OHVEDVHGRQ
nal contrast at the recommended headreconstructed C-arm CT slices. In our
scan dose (60 mGy) when using tube
case, detectability graphs summarize
YROWDJHVUDQJLQJIURPN9SWRN9S
The normalized visibility charts at 70 kVp, 81 kVp, 109 kVp, and 125
how often a 0.5% nominal contrast obWhen analyzing the impact of tube voltject with a particular size was seen by an kVp show that smaller objects can be better seen when data acquisiDJHRQLPDJHTXDOLW\DWD¿[HGGRVHRXU
tion for C-arm CT is performed at lower tube voltages.
ensemble of human observers. For exGRVHHI¿FLHQF\VWXG\UHYHDOHGWKDWORZHU
ample, if the 10mm object contrast was
tube voltages gave improved low contrast
seen in ten out of 13 observations, then a 77% visibility was assigned.
detectability for small-diameter objects.
Since most C-arm x-ray devices, including ours, have a built-in
9,-,9,5*,:-<5+05.:6<9*,
DXWRPDWLFH[SRVXUHFRQWUROLWLVGLI¿FXOWWRVSHFLI\WKHH[DFWVFDQGRVH
R Fahrig, R. Dixon, T. Payne, R. L. Morin, A. Ganguly and N. Strobel, “Dose
a priori. The system, however, does tell you the exact dose applied afand Image Quality for a Cone-Beam C-arm CT System,” submitted to Medical
WHUDVFDQ)RUDPHDQLQJIXOFRPSDULVRQGHWHFWDELOLW\SUR¿OHVDVVRFLPhysics.
ated with different operating points must, however, be normalized to
This research was supported by NIH R01EB003524, The Lucas Foundation
and Siemens Medical Solutions.
a common reference dose. To facilitate such a comparison, we derived
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*HYKPHJ*HYT*;!,MÄJPLU[4V[PVU*VYYLJ[PVUMVY+-)7
4(9*<:79<,44,913(9:>0.:;96,4216(*/04/695,..,91569),9;:;96),33(5+9,),**(-(/90.2105:;0;<;,6-7(;;,95
9,*6.50;065-(<50=,9:0;@,93(5.,55<9,4),9..,94(5@"2+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
3
:0,4,5:(.4,+0*(3:63<;065::;(5-69+<50=,9:0;@
Cardiac C-arm CT is a
show that protocols of four
promising technique that ensweeps are reasonable for
ables 3D cardiac image acquiimages acquired in diastoly,
VLWLRQ DQG UHDOWLPH ÀXRURVbut temporal resolution can
copy on the same system. The
still be improved because
Fig. 1 (left) reconstruction from a single sweep (middle) reconstruction from a single sweep
goal is to bring 3D imaging XVLQJGHIRUPDWLRQ¿HOG ULJKW FDOFXODWHGIURPDPXOWLVZHHSUHFRQVWUXFWLRQWKDWSURYLGHG of heart rate variations durto the interventional suite for phases through the cardiac cycle.
ing the scan. We have shown
improved therapy planning,
that increased temporal resoguiding, and monitoring. For the reconstruction of 3D cardiac image
OXWLRQFDQEHDFKLHYHGXVLQJD¿UVWRUGHUPRWLRQHVWLPDWLRQYLD''
GDWD D FRPSOHWH VHW RI SURMHFWLRQV IURP D VSHFL¿F KHDUW SKDVH LV UHnon-rigid registration applied on a pure RECG reconstructed time sequired. One approach to reduce motion blurring caused by the beating
ries, that is blurred and has motion artifact, with correction applied in
heart is to acquire multiple sweeps using the C-arm and retrospectively
an extended FDK (FDK-4D) algorithm. For scenario (i) we showed that
select the projections (RECG) that are closest to the desired cardiac
DVVXPLQJD'PRWLRQ¿HOGLVJLYHQWKH)'.'DOJRULWKPLVDEOHWR
phase [1]. In order to further improve the temporal resolution, novel imGHFUHDVHPRWLRQEOXUULQJVLJQL¿FDQWO\XVLQJRQO\RQHVLQJOHVZHHSIRU
age processing algorithms that utilize retrospective motion correction
the reconstruction. For scenario (ii) we showed that even for an insufwere investigated in this project. The main focus of this work is to ex¿FLHQW (&* V\QFKURQL]DWLRQ XVLQJ WKUHH DQG IRXU VZHHSV WKH UHFRQtend the well established FDK algorithm to incorporate motion correcstructed images of the diastolic and systolic phase are less blurred using
WLRQGXULQJWKHEDFNSURMHFWLRQVWHSXVLQJDSUHFRPSXWHGPRWLRQ¿HOG
FDK-4D compared to pure RECG. In conclusion, increasing temporal
In our experiments we investigated the following two scenarios: (i) Can
UHVROXWLRQXVLQJDQHVWLPDWHG'PRWLRQ¿HOGLQWKH)'.'DOJRULWKP
the image quality from a single sweep be improved given a known mocan decrease motion blurring substantially.
WLRQ¿HOG" LL &DQLPSURYHGLPDJHTXDOLW\EHDFKLHYHGXVLQJDORZHU
9,-,9,5*,:-<5+05.:6<9*,
number of sweeps in combination with motion correction?
[1] G. Lauritsch, J. Boese, L. Wigstroem, H. Kemeth, R. Fahrig, “Towards
Cardiac C-arm CT protocols are, among other things, constrained
Cardiac C-arm Computed Tomography”
by the rotation speed and frame rate of the C-arm and detector, the
IEEE Transactions on Medical Imaging, 2006, in press.
breath hold duration, overall injected dose of contrast agent, scan syn7KLVZRUNZDVVXSSRUWHGE\6LHPHQV$*0HGLFDO6ROXWLRQV1,+JUDQW5
chronization with the ECG and X-ray dose. First empirical studies
(%DQGE\WKH/XFDV)RXQGDWLRQ
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+VZL(K]HU[HNLVM/PNO9LZVS\[PVU+L[LJ[VYZPU*;
(5.,39705,+((5+569),9;17,3*+,7(9;4,5;6-9(+0636.@
The advantages of
high frequency content and
smaller detector pixels in
less for large objects which
CT in terms of higher resohave primarily low frequenlution reconstructions are
cy content. Accompanying
well understood. We study
¿JXUH VKRZV KRZ IRU D
the effect of the smaller
small object, two systems
pixels on the noise in the
(one with detector pixels
reconstructed images. The
half the size of the other)
size of the detector pixel deusing the same dose lead to
termines the amount of blurdramatically different noise
ring in the x-ray projections
in the reconstructions even
before sampling. While the
though they have the same
projections themselves are
spatial resolution. The effect
blurred, the noise in the pro- The same x-ray photons were used in the simulations for both of these CT reconstructions with RI WKLV QRLVH DPSOL¿FDWLRQ
the same resolution but the image using the high resolution detector (pixels half the size of the
jections remains uncorrelathas been studied by generother system) lead to dramatically less noise in the reconstruction. The effect of the noise can be
ed regardless of the detector
ating images of objects of
observed in the detectability of the object (two disks) at the center of the image.
pixel size (equivalently, that
different sizes and contrasts
there is the same amount of noise for every spatial frequency). This
DQGTXDQWL¿HGXVLQJPDWKHPDWLFDOREVHUYHUVLQDWZRDOWHUQDWLYHIRUFHG
implies that to achieve a given resolution in the reconstructed image,
choice detection task. The clinical implication of this work is that higher
a system with less detector blurring (smaller pixels) will lead to lower
resolution detectors can help to reduce dose to the patient even in innoise because there will be less need to undo the blurring at high frestances where the resolution required for a task could be obtained by a
quencies. The fundamental observation we make is that even if two
lower resolution detector.
photon noise limited CT detectors can achieve the same resolution, the
9,-,9,5*,:-<5+05.:6<9*,
higher resolution detector will have the same or less noise for all freThis work was presented at the MDCT meeting in 2006 and is under
quencies of the reconstructed image. The difference between the low
preparation for a submission to Medical Physics.
and high resolution systems will be more for small objects which have
Lucas Foundation, GE Healthcare

*VTW\[LYHPKLK+L[LJ[PVUMVY3LZPVUZPU7,;*;!*S\Z[LYPUN\ZPUN5LHYLZ[5LPNOIVY:LSLJ[PVU
7(52/<+07(52/<+01(1(@1(@(5;16:/01:(5+@5(7,32*/90:;67/,9-),(<30,<2(5+@8<652+,7(9;4,5;:6-
1
*647<;,9:*0,5*,(5+29(+0636.@
Purpose: To develop and evaluate algo&$'LGHQWL¿HGIRFLRIDFWLYLW\FRQVLGHUHGWR
rithms for computer-aided detection (CAD) of
be false positive detections (0 – 8 such foci per
FOLQLFDOO\VLJQL¿FDQW DEQRUPDO IRFL RI )'*
case, average 2.4). Foci of normal physiologic
uptake in PET/CT.
activity accounted for 4 – 13 detections per case
Materials and Methods: We developed a
 WRWDO DYHUDJH FDVH 9DU\LQJ WKH LQWHQVLW\
computer aided detection algorithm that uses
and cluster size thresholds input to the CAD prointensity thresholding and voxel clustering of
gram demonstrated trade-offs between sensitivity
PET data to identify foci of high glucose activDQGVSHFL¿FLW\
ity. This 3D algorithm currently detects tumor
Conclusions: This pilot project demfoci as well as physiological activity in normal
RQVWUDWHVWKHSRWHQWLDORIWKLV¿UVWRILWVNLQG
structures. For our pilot evaluation, clusters with
CAD for PET/CT. While the current version of
volumes greater than 1.0 cm3 with intensities
the algorithm is prone to both false negatives
greater than liver were considered abnormal.
and false positives, optimal size and intensity
Graphical user interface showing fused PET/CT on (A)
We applied the algorithm to 10 abnormal clinithresholds have yet to be determined. It also
axial and (B) coronal planes with left ventricular myocal PET/CT datasets and compared the output cardium in blue and the currently selected lung tumor,
demonstrated potential for identifying lesions
of the algorithm with the number of abnormal in red. (C) Volume rendering of selected lung tumor. (D)
that are missed on visual interpretation. CAD
foci reported on the primarily visual clinical “Clickable” list of active foci sorted into size ranges.
greatly reduces the time spent on analyzing
readings (130 total lesions, 2-32 lesions/study).
PET-CT images by automatically directly the
The radiologist was provided with a graphical user interface for visualradiologist to the most suspicious sites. On-going work in cluster shape
izing CT images with clusters (potential lesions) overlayed in color, a list
analysis promises to automate removal of most false positives, thereby
of clusters, sorted in decreasing order of score, as well as statistics (mean,
LPSURYLQJDFFXUDF\DQGHI¿FLHQF\RILQWHUSUHWDWLRQ
max and average intensity) for each cluster. The radiologist can examine
these clusters by simply scrolling back and forth through the fused PET/
9,-,9,5*,:-<5+05.:6<9*,
CT slices, as well as by using a volumetric rendering technique.
Graphical user interface showing fused PET/CT on (A) axial and (B) coronal
Results: In total, the CAD program detected 91 of 130 lesions for
planes with left ventricular myocardium in blue and the currently selected lung
a mean sensitivity of 70% (range 50-100%, stdev 14.6%). CAD found
WXPRULQUHG & 9ROXPHUHQGHULQJRIVHOHFWHGOXQJWXPRU ' ³&OLFNDEOH´OLVW
of active foci sorted into size ranges.
one additional lesion that was missed on the initial clinical interpretation.
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;YHUZWHYLU[9LUKLYPUNVM0U[YHS\TPUHS*VU[YHZ[MVY+7VS`W=PZ\HSPaH[PVUPU*;*VSVUVNYHWO`
965.:/01:(5+@5(7,311(99,;;96:,5),9.13,>0:2:/051*@5;/0()-9,,4(5146508<,)46.,5:,51(1(@1(@(5;
16:/027(52/<+07(52/<+02*/90:;67/,9-),(<30,<1+,7(9;4,5;:6-9(+0636.@2*647<;,9:*0,5*,
Purpose: Patient acceptance of CT
Three radiologists, without knowledge
imaging for the detection of colonic polof presence of tagging material, indepenyps, precursors to colon cancer, is limited
dently viewed the 98 subvolumes for (a)
by the need for cathartic colon cleansing.
presence or absence of a polyp, and (b)
Recently, oral tagging material has been inoverall image quality.
troduced that would allow water and fecal
Results: For polyp detection, readmaterial to be subtracted from the images
ers achieved 96.6% sensitivity and 89.1%
prior to evaluation. However, this doubles
VSHFL¿FLW\ DUHD XQGHU UHFHLYHU RSHUDWRU
the size of the dataset and may possibly incharacteristic curve {AUC} 0.98). Image
troduce artifacts. To address these issues,
quality ratings between polyp and control
ZHGHYHORSHGDFODVVL¿HUWKDWSHUPLWVWUDQVORFDWLRQV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW
parent rendering of both tagging material
overall (p < 0.258). Image quality ratings
and air without subtraction.
ZHUHVLJQL¿FDQWO\ORZHURYHUDOOIRUWDJJHG
Materials and Methods: Our algorithm “Painting” experiment and result. A: CT image (one of several
versus untagged locations (p < 0.001) and
couples machine learning and a painting hundred in the scanned volume) with red box surrounding a pol- for two readers (both p < 0.001), but not
\S%WLVVXHW\SHVLGHQWL¿HGE\SDLQWLQJZLWKGLIIHUHQWFRORUV
PHWDSKRUWRDOORZLQWHUDFWLYHFODVVL¿FDWLRQ red=air, pink=tagging material, blue=soft tissue. C: Fully clas- for the third reader (p < 0.272). However,
and rendering. The user initially paints a VL¿HGLPDJHEDVHGRQWKHVLPLODULW\RIHDFKYR[HOWRWKHSDLQWHG readers’ accuracy was equivalent between
subset of image voxels (tagging material, voxels. D: Subvolume rendering including the red box showing tagged (AUC = 0.99) and untagged (AUC
SRO\S DUURZ EOXH VRIWWLVVXH YR[HOVZHUHVHWWRD³ÀHVK´FROair, and soft tissue), an iterative training al= 0.97) locations overall (p < 0.05) and for
or and fully opaque, red (air) and pink (tagging material) voxels
JRULWKPFODVVL¿HVWKHYROXPHEDVHGRQLQeach individual reader (p < 0.05).
were set to fully transparent.
tensities and gradients, and 3D subvolumes
Conclusions: Our method for renderof interest in the volume are displayed. The algorithm was tested on 26
ing tagging material transparent resulted in a high level of polyp detection
tagged CTC cases (courtesy of Dr. R. Choi, Walter Reed Army Med
accuracy, without decreased accuracy compared to polyps in air. This new
Ctr), containing 49 polyps: 25 adjacent to air, and 24 either completely
approach enables accurate 3D depiction of polyps under tagging mateunder or coated with tagging material. Non-polyp control locations (49
rial. Further image quality improvement could be attempted by exploring
total) included 25 areas against air and 24 against tagging material.
PRUHIHDWXUHVXVHGLQFODVVL¿FDWLRQWKHUHIRUHRSWLPL]LQJWKHDOJRULWKP

4PUPTHSS`+PZ[VY[LK:PUNSL0THNLZVM[OL(IKVTPUHS(VY[PJ=HZJ\SH[\YL!4L[OVKHUK,]HS\H[PVU
1665./6>651.,6--9,@+9<)052:(5+@5(7,32+,7(9;4,5;:6-,3,*;90*(3,5.05,,905.(5+29(+0636.@
Purpose: To develop an algorithm that
branch angles, and nonlinear bending.
displays the abdominal aortic vascular tree,
Results: Processing of all 10 datassuch as obtained from CT Angiography
ets resulted in a clear visualization with
(CTA) or MRA, in a single image without
all false intersections removed, scale
the appearance of intersections between
distortion close to the ideal value of
branches.
1.0 (min=0.76, max=1.05), and branch
Materials and Methods: We compute a
angle distortion less than 38 degrees.
binary tree representation of the abdominal
Bending energy was below 2.5 for 8 casaortic tree from a collection of 3D centeres. The other 2 cases showed aggressive
OLQHV7KH¿UVWSKDVHRIXQWDQJOLQJDSSOLHV
stretching, which occurred during the
a projection mapping as used in stretched
¿UVW SKDVH RI XQWDQJOLQJ RI ZKDW ZHUH
Curved Planar Reformatting to each node
originally tortuous vessels.
of the binary tree, and produces a 2D toConclusions: Our proposed alpology-geometry model. The second phase
gorithm eliminates misleading vessel
abstracts the projected centerline using
crossings from conventional projections,
a convex primitive. We then place these
in most cases conserves overall shape,
SULPLWLYHV LQ XVHUVSHFL¿HG SULRULW\ RUGHU Anterior-posterior views of the abdominal aortic tree of an anonyand can form a basis for more advanced
mous patient. (a) before untangling, (b) after untangling.
XVLQJDUDGLDOVZHHSOLQHDOJRULWKPWR¿QG
visualization techniques that provide
an available display region for placement,
FOLQLFDO¿QGLQJVIURPFURVVVHFWLRQDODQand then determine a suboptimal placement that minimizes the distorgiographic examinations in a single 2D image. Our distortion metrics
tion of the original geometry within the region. We evaluated the methagree well with visual perception and can signal extreme behavior of
od using 10 CTA datasets, and for each began with an anterior-posterior
the algorithm, which may possibly be used to iteratively improve visuprojection so as to introduce severe crossings in the renal artery region.
alization when it occurs.
Our metrics for distortion between the input orthographic projection of
9,-,9,5*,:-<5+05.:6<9*,
the centerlines and the output centerlines considered scaling, changes to
National Institutes of Health R01HL67194.
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2UV^SLKNLIHZLK(SNVYP[OTMVY(\[VTH[LK*LU[LYSPUL0U[LYWVSH[PVU[OYV\NO-LTVYV7VW
SP[LHS(Y[LY`-7(6JJS\ZPVUZPU7LYPWOLYHS*;(
1,966:1+-3,0:*/4(551;9(2:/,24:;9(2(34:6-036:1+;9(51196:,5),9.1:5(7,3119(+0636.@
2
,3,*;90*(3,5.05,,905.3=0:0*64(<:;90(5(*(+,4@6-:*0,5*,:
standard of reference and the automated centerline.
Purpose: Curved planar reformations (CPR)
$UHIHUHQFHUDQJHRIHUURUZDVGH¿QHGDVH[WHQGLQJ
through occluded FPA provide invaluable informafrom the minimum expert error minus 0.5mm to the
tion for treatment planning in patients with periphmaximum expert error plus 0.5mm.
eral arterial occlusive disease (PAOD). Because curResults: The knowledge-based algorithm sucrently available density/gradient-based algorithms
cessfully interpolated and automatically interpofail to track the centerlines of occluded vessels, we
lated 25 FPA occlusions. The mean of maximum
have developed a new knowledge-based algorithm
error (in mm) for occlusion lengths of <50mm, 50for automated centerline restoration through oc100mm, 100-200mm, and >200mm was 3.2, 6.5,
cluded arterial segments, and determined its accura9.3, and 12.3 for readers and 3.2, 6.8, 10.4, and
cy compared with expert derived manual centerlines
24.2 for the algorithm. The maximum algorithm eras the standard of reference.
ror was contained in within 0.5mm of the range of
Materials and Methods: CT angiograms (CTA)
that of the readers in 18 of 25 cases (p<.022).
Figure shows comparison of a manual and
of 20 patients with PAOD (14 m/6 f; mean age
Conclusions: It is possible to extract vascular
automated centerline interpolation through
69y, range 44-88y) with 25 FPA occlusions (mean
shape information from a database of peripheral
OHIW)3$RFFOXVLRQ1RWHWKHQRQRSDFL¿HGRFOHQJWKPP UDQJH PP  ZHUH LGHQWL¿HG
cluded artery (outlined by the course of virtual
CT angiograms and use this information to predict
Occlusions were categorized into 4 length groups:
gauging tics) with its surrounding perivascuthe course of arterial segments of the FPA that can<50mm (n=5); 50-100mm (n=8); 100-200mm (n=6)
lar fat plane. Only subtle differences between
not be found by density and gradient based algoDQG ! PP Q   7KH DUWHULHV ZHUH LGHQWL¿HG the manual and automated derived CPR are
rithms. Our initial results are encouraging having
using a standard density based, semiautomated ves- observed.
a knowledge-based algorithm that allows an accusel tracking algorithm through the patent segments.
rate automated interpolation of centerlines thorough FPA occlusions up
Centerlines of occluded segments were manually determined two times
to a length of 75 mm. This may substantially accelerate the creation of
by each of two experts, with the mean of all 4 readings serving as the
CPRs in patients with PAOD in the future.
standard of reference. Each occlusion was also interpolated using a
9,-,9,5*,:-<5+05.:6<9*,
knowledge based algorithm, which uses shape information extracted
-(5RRV')OHLVFKPDQQ75DNVKH06WUDND06R¿ORV'7UDQ-
from an existing vascular database (30 FPAs) using principal compoRosenberg, S. Napel. Knowledge-based Algorithm for Automated Centerline
Interpolation through Femoro-Popliteal Artery (FPA) Occlusions in Peripheral
QHQWDQDO\VLV$FFXUDF\RIWKHLQWHUSRODWHGFHQWHUOLQHVZDVTXDQWL¿HG
CTA” 29th Annual Course of the Society of Computed Body Tomography and
by the point-wise calculation of the maximum distance between the

9V[H[PVUHS9VHKTHWWPUN!(5L^0THNL)HZLK5H]PNH[PVU;LJOUPX\LMVY,UKV]HZJ\SHY0U[LY]LU[PVUZ
4(92<:2<2<21,2/0+,20(9(2(>(240*/(,34(92:2/<@+62:(5+@5(7,3-:0,4,5:4,+0*(3:63<;065:"
2
+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
a 5s rotational DSA run, using 21ml of iodine.
Purpose: To date, conventional 2D-roadWithin 70s of acquisition, RoRo was available
mapping (2D-ro) is the technique of choice
to the interventionalist who then moved the Cfor instrument navigation in neuroendovasDUPWR¿QGWKHEHVWZRUNLQJYLHZWRQDYLJDWH
cular procedures. More recently, 3D-ro, based
a guidewire into the aneurysm. By comparison,
on a 3D reconstruction of the vasculature from
the same projections were reconstructed into a
a prior CT angiogram (CTA) scan or from an
256x256x227 volume of .7mm voxel size for
interventional C-arm CT scan, has become
3D-ro. For a patient that presented with a neck
popular. Both techniques may be limited by
tumor, an acquisition of an angular range sufstreak artifacts in the presence of indwelling
¿FLHQWIRUD'UHFRQVWUXFWLRQZDVQRWIHDVLEOH
metal, and sensitivity to motion during acdue to photon starvation in the shoulder area.
quisition. Alternatively, we have developed a
Instead, a short acquisition for RoRo was pernew technique, called RoRo, based on a single
A patient undergoing treatment for a cerebral aneurysm
formed
over a range of 82 degrees (55 projecrotational angiographic acquisition (DSA) of with RoRo being used for interactive guidance.
tions), which was available within 30s and then
any length and angular increment.
used to embolize the tumor.
Materials and Methods: Acquired projections are displayed as a
Conclusions: RoRo appears to be a simple yet powerful navigation
“rotatable roadmap” linked to the current C-arm position, allowing for
technique that can provide guidance where 3D reconstructions are not feaan interactive and intuitive selection of the best available working view.
sible, and has the potential to show smaller vessels in a fraction of 3D-ro’s
7KHVHOHFWHGSURMHFWLRQLVVXEWUDFWHGIURPWKHOLYHÀXRURVFRSLFLPDJHV
processing time. This gap is increasing, as updated systems, allowing 2D
thus displaying any medical device within the context of the vasculaacquisitions at .15mm pixel size in a 2k matrix are becoming available.
ture. We integrated RoRo into a Siemens Axiom Artis dBA C-arm system and used it in clinical cases.
Results: For a patient that presented with a cerebral aneurysm, a
9,-,9,5*,:-<5+05.:6<9*,
total of 128 projections (.3mm pixel size; 1k matrix) were acquired in
Siemens Medical Solutions, inc.
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+L[LJ[PUN7VS`WZHUK-VSKZPU*;*VSVUVNYHWO`!(*\Y]H[\YL:JHSLZWHJL(WWYVHJO
7(+4(=(;/0:<5+(9(41,2*/90:;67/,9),(<30,<1:(5+@5(7,3-9(+0636.@2,3,*;90*(3,5.05,,905.
Purpose: Although curvature has been
There were 169 lesions in total: 60 ([0,5)
used to detect polyps in CT Colonography
mm), 85 ([5,10) mm) and 24 ((>= 10 mm)
(CTC), it is too local a surface descriptor and,
range. Comparisons to an existing algotherefore, highly affected by noise. We deULWKP 612 DVZHOODVWRDVWULFW¿EHURSveloped a computer-aided detection (CAD)
tic colonoscopy (FOC) based gold standard
algorithm that performs geometry-driven
were performed. The fold-CAD algorithm
diffusion of curvature tensors (CTNs) to rewas evaluated on a segment of a patient
duce these effects and improve detection of
colon with 36 salient folds. An experienced
polyps (Polyp-CAD) and folds (Fold-CAD).
radiologist manually inspected the results
Materials and Methods: CTNs were
and labeled them as true positives (TPs) or
computed at each vertex of a mesh repreFPs. Folds that were missed by the algosentation of the colon surface. The CTN is a
rithm were also marked.
Example results on segments of patient colons. Top row:
matrix whose eigenvalues and eigenvectors
Results: At a FP rate of 20 per dataset,
polyp-CAD. Left: surface rendering of segment. Middle: canare the principal curvatures (K1, K2, |K1| >= didate detections highlighted in color. Right: automatically the sensitivity of polyp-CAD was found to
|K2|) and principal curvature directions re- extracted candidates as surface patches.
be 82% (all sizes), 65% ([0,5) mm), 89%
spectively. The CTNs were then diffused on
([5,10) mm) and 100% (>= 10 mm). At the
the mesh using a Gaussian kernel of gradually increasing size, starting
same FP rate, the sensitivity of the SNO method was found to be 38%
at 0.25 mm and increasing by 10% each time. The polyp-CAD algo(all sizes), 16% ([0,5) mm), 41% ([5,10) mm), 79% (>= 10 mm). For
rithm clustered the connected peak vertices (K1 <= 0, K2 <= 0), and
fold-CAD, the sensitivity was found to be 90% at a FP rate of 1 and
the fold-CAD algorithm clustered the connected saddle vertices (K1
100% at a FP rate of 9 per dataset. No salient folds were missed.
<=0, K2 >= 0). The score assigned to each peak cluster was a product
Conclusions: When further optimized, CAD of polyps may lead to
of the maximum K2 and the area-weighted integral of the Gaussian curgreater use of CTC and aid the radiologist in diagnosis. Fold detection
vatures (=K1*K2), both computed over the cluster vertices. The score
could help reduce FPs in CAD, and could also be used in registration of
assigned to saddle clusters were a function of the patch area, K1 and
supine and prone datasets of the same patient.
the surface deviation of the surface points from a plane. The polyp9,-,9,5*,:-<5+05.:6<9*,
CAD algorithm was evaluated on 31 multi-detector row CTC datasets.
National Institutes of Health (R01 CA72023 and 1 U54 GM072970)

3LHYUPUN,UOHUJLK:PT\SH[LK(UULHSPUN!4L[OVK,]HS\H[PVUHUK(WWSPJH[PVU
:/(6/<(:<51-,5.A/<.,1.,6--9,@+9<)052(5+:(5+@5(7,3-,3,*;90*(3,5.05,,905.29(+0636.@
Purpose: Assessing the growth and
target scan was the result of applying a known,
composition of lung nodules appearing in
physiologically-based non-rigid transformation
Computed Tomography (CT) scans of the
to the nodule-free source scan, into which we
same patient acquired at different times is
LQVHUWHG PRGL¿HG YHUVLRQV RI WKH FRUUHVSRQGhelpful for the determination of malignancy.
ing nodules at the same, known locations. Five
We have developed a nodule registration
GLIIHUHQWPRGL¿FDWLRQVWUDWHJLHVZHUHXVHG  
system to facilitate this process. Registration
nodules maintained size and shape, (2) nodules
consists of transforming a region in one scan
resolved, (3) nodules shrank uniformly by a facinto the coordinate system of the other such
tor of 2, (4) nodules grew uniformly by a factor
that some correspondence ratio is maxiof 2, and (5) nodules grew non-uniformly. We
mized. This work aims develop a new transalso matched 98 real nodules in pairs of scans
formation method to improve robustness in
from 12 patients and compared our registration
Illustration of the semi-rigid model with 3 surrounding structhe presence of nodules that change shape
to a radiologist’s visual determination.
WXUHVZKHUHWULDQGURLDUHGH¿QHGDVWUDQVODWLRQDQGURWDWLRQ
and composition over time.
Results: In the simulation experiments,
respectively. Note that the orientations and positions of each
Materials and Methods: We developed of the structures are allowed to change over time, as is the size the mean absolute registration errors were 1.0
a semi-rigid (SR) transformation method that and shape of the nodule.
mm ± 0.8 mm (s.d.), 1.1 mm ± 0.7 mm (s.d.),
considers principal structures surrounding a
1.0 mm ± 0.7 mm (s.d.), 1.0 mm ± 0.6 mm
given nodule and allows relative movements amongst the structures.
VG DQGPPPP VG IRUWKH¿YHFDVHVUHVSHFWLYHO\)RUWKH
We also introduced a new similarity metric, which evaluates image cor98 nodule pairs in 12 patient scans, the mean absolute registration error was
relation and the extent of elastic deformation amongst the structures,
1.5 mm ± 0.9 mm (s.d.).
which is maximized by a two-layered optimization method, employing
Conclusions: The proposed SR model shows promise for matching
a simulated annealing framework. We tested our method by simulating 5
nodules in a series of CT scans and is robust to size/shape change over time.
cases that represent physiological deformation as well as different nod9,-,9,5*,:-<5+05.:6<9*,
ule shape/size changes with time. Each case was made up of a source
Shaohua Sun, Geoffrey D. Rubin, David Paik, Feng Zhuge, and Sandy Napel,
and target scan, where the source scan consisted of a nodule-free patient
“Registration of Lung Nodules using a Semi-Rigid Model: Method and
CT volume into which we inserted 10 simulated lung nodules, and the
Preliminary Results,” submitted to Medical Physics, May 2006. R2 Technology, Inc.
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9LNPZ[YH[PVUVM3\UN5VK\SLZ<ZPUNH:LTP9PNPK4VKLS
:/(6/<(:<51-,5.A/<.,1.,6--9,@+9<)052:(5+@5(7,32+,7(9;4,5;:6-1,3,*;90*(3,5.05,,905.29(+0636.@
Purpose: Assessing the growth and composiresult of applying a known, physiologically-based
tion of lung nodules appearing in Computed
non-rigid transformation to the nodule-free source
Tomography (CT) scans of the same patient
VFDQ LQWR ZKLFK ZH LQVHUWHG PRGL¿HG YHUVLRQV
acquired at different times is helpful for
of the corresponding nodules at the same, known
the determination of malignancy. We have
ORFDWLRQV )LYH GLIIHUHQW PRGL¿FDWLRQ VWUDWHJLHV
developed a nodule registration system to
were used: (1) nodules maintained size and shape,
facilitate this process. Registration consists
(2) nodules resolved, (3) nodules shrank uniformof transforming a region in one scan into
ly by a factor of 2, (4) nodules grew uniformly by
the coordinate system of the other such that
a factor of 2, and (5) nodules grew non-uniformly.
some correspondence ratio is maximized.
We also matched 98 real nodules in pairs of scans
This work aims to develop a new transforfrom 12 patients and compared our registration to
mation method to improve robustness in the
a radiologist’s visual determination.
Illustration of the semi-rigid model with 3 surrounding
presence of nodules that change shape and structures, where tr1 and ro1DUHGH¿QHGDVWUDQVODWLRQDQG Results: In the simulation experiments, the
rotation respectively. Note that the orientations and posicomposition over time.
mean absolute registration errors were 1.0 mm
tions of each of the structures are allowed to change over
Materials and Methods: We developed a
± 0.8 mm (s.d.), 1.1 mm ± 0.7 mm (s.d.), 1.0
time, as is the size and shape of the nodule.
semi-rigid (SR) transformation method that
mm ± 0.7 mm (s.d.), 1.0 mm ± 0.6 mm (s.d.),
considers principal structures surrounding a given nodule and allows
DQGPPPP VG IRUWKH¿YHFDVHVUHVSHFWLYHO\)RUWKH
relative movements amongst the structures. We also introduced a new
nodule pairs in 12 patient scans, the mean absolute registration error
similarity metric, which evaluates image correlation and the extent of
was 1.5 mm ± 0.9 mm (s.d.).
elastic deformation amongst the structures, which is maximized by a
Conclusions: The proposed SR model shows promise for matching
two-layered optimization method, employing a simulated annealing
nodules in a series of CT scans and is robust to size/shape change over time.
framework. We tested our method by simulating 5 cases that repre9,-,9,5*,:-<5+05.:6<9*,
sent physiological deformation as well as different nodule shape/size
Shaohua Sun, Geoffrey D. Rubin, David Paik, Feng Zhuge, and Sandy Napel,
changes with time. Each case was made up of a source and target scan,
“Registration of Lung Nodules using a Semi-Rigid Model: Method and
where the source scan consisted of a nodule-free patient CT volume into
Preliminary Results,” submitted to Medical Physics, May 2006.
R2 Technology, Inc.
which we inserted 10 simulated lung nodules, and the target scan was the

,YYVY7YLKPJ[PVUHUK7LYMVYTHUJL,]HS\H[PVUVMH7YPUJPWHS*VTWVULU[(UHS`ZPZ)HZLK
(SNVYP[OTMVY9LJVUZ[Y\J[PUN4PZZPUN:LNTLU[ZVM=HZJ\SHY*LU[LYSPULZPU*;(UNPVNYHWO`
;,1(:9(2:/,1+640502-3,0:*/4(5521(99,;;96:,5),9.21<:;<:966:2+(=0+;9(53:(5+@5(7,3+,7(9;4,5;:6-
1
,3,*;90*(3,5.05,,905.(5+29(+0636.@
Purpose: To build a statistical model for error and evaluate the performance
of a Principal Component Analysis (PCA) based method for reconstructing missing vascular centerlines, using a database of centerlines from other patients.
Materials and Methods: A database was constructed consisting of
centerlines of femoropopliteal arteries from CT Angiography (CTA)
scans of 30 subjects without peripheral arterial occlusive disease.
A leave-one-out cross validation of a PCA based algorithm was performed on the database by simulating occlusions of various lengths and
reconstructing them using the algorithm. Point-wise maximum departure (MD) for each case was used as the error metric. Regression analysis was performed on MD with the length and location of the occlusion,
age and sex of the subject, and estimation error in the neighborhood of
the occlusion (NE). The results were compared with the results obtained
by a minimum mean squared error (MMSE) estimate.
5HVXOWV7KH WK SHUFHQWLOH RI 0' DQG WKH  FRQ¿GHQFH LQterval upper bound for each occlusion length were: (Occ. length: 50th
percentile MD, 95% upper bound, all in mm) 10: 0.14, 0.15; 25: 0.40,
0.42; 50: 0.81, 0.88; 75:1.32, 1.46; 100: 1.76, 2.06. The most important
effect on error was that of occlusion length (p<0.0001), with a (log-log)
FRHI¿FLHQWRI &RQ¿GHQFH,QWHUYDO &,   HDFK
increase in length results in a 101.06) increase in MD. A simple linear
regression of just log-MD on log-Occl. Length accounts for 50% of the
variability in the latter. There was a smaller effect of log-NE (p<.001),
ZLWKDFRHI¿FLHQWRI &, 7KHUHZDVQRVLJQL¿FDQW
effect of age or sex of the patient. The random-intercept effect of individual arteries accounted for 28% of the remaining variability. The PCA

Results of reconstructing the centerline
through a simulated occlusion in the femoropoliteal artery derived from a CT angiogram of
a normal patient.

based methods produced more accurate results than MMSE method,
with a Wilcoxon signed rank test of the distribution of maximum error
between the two methods having a p-value <0.00001.
Conclusions: The PCA-based algorithm reconstructs missing centerlines with clinically acceptable accuracy up to 100mm OL. Longer
RFFOXVLRQVPD\EHQH¿WE\VLPSOHXVHULQSXWFRQVWUDLQLQJWKHSDWKWROLH
near a small number of user-supplied points. The expected error can be
SUHGLFWHGWRDVLJQL¿FDQWOHYHORIDFFXUDF\7KLVPHWKRGPD\SURYLGH
HI¿FLHQW JHQHUDWLRQ RI FXUYHG SODQDU UHIRUPDWLRQV WKURXJK DUWHULHV RI
patients with occluded segments, greatly simplifying their assessment
from cross-sectional imaging.

9,-,9,5*,:-<5+05.:6<9*,
National Institutes of Health (RO1 HL67194). The Swiss National Science
Foundation, PBBEB 106796.
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4L[YV;YHJ!(4L[YVWVSPZ(SNVYP[OTMVY7YVIHIPSPZ[PJ;YHJ[VNYHWO`
(5;/65@:/,9)65+@140*/(3:/(*/(9296),9;+6<./,9;@2+(=0+(2,9:3:(5+@5(7,34)90(5>(5+,332+,7(9;4,5;:
6-1,3,*;90*(3,5.05,,905.27:@*/636.@3*647<;,9:*0,5*,(5+39(+0636.@
Purpose: Tractography traces white-mated with even the most straightforward models for
ter connections in-vivo based on diffusionthe likelihood P(D|s) and prior P(s).
weighted (DW) MR data. Deterministic
Results: We can demonstrate that MetroTrac estitractography algorithms, e.g. STT, produce
mates of major fasciculi agree with the most comUHOLDEOHHVWLPDWHVRIODUJH¿EHUWUDFWVEXWPD\
mon deterministic algorithms. Second, MetroTrac
miss smaller ones because the algorithms do
has the ability to identify pathways that penetrate
not account for the uncertainty, better modmajor structures. The Figure shows MetroTrac
eled by probabilistic algorithms, inherent in
pathways connecting the MT+ and the splenium,
DW data. We developed a Bayesian probacrossing through the inferior longitudinal fascicubilistic framework, which incorporates both
lus, compared to the STT algorithm, which fails
a local diffusion likelihood model as well as
WR ¿QG DQ\ FRQQHFWLRQV EHWZHHQ WKH VDPH WZR
Left column shows pathways in a normal human subject
DIXQGDPHQWDO¿EHUUHJXODUL]DWLRQSDUDPHWHU computed by STT, which intersect either MT+ (orange) or regions even though the scores for the MetroTrac
found in many deterministic algorithms, and Splenium (blue), but never both. Right column shows same pathways are well within the range of scores for
a Metropolis algorithm (MetroTrac) that cor- subject, but with pathways connecting MT+ and Splenium pathways computed by STT.
computed by MetroTrac. The normalized histogram (cenrectly samples from this distribution. Our ter) shows that scores for the MetroTrac paths (green) are Conclusions: Our MetroTrac algorithm provides
DOJRULWKPLVHVSHFLDOO\HI¿FLHQWDWVDPSOLQJ within the range of the STT paths (blue, orange).
a straightforward mechanism for properly incorSDWKZD\VWKDWFRQQHFWVSHFL¿FUHJLRQVHYHQ
porating anatomical priors, and is able to demonwhen these regions are separated by major crossing pathways.
strate connections that deterministic algorithms fail to produce. MetroTrac,
Materials and Methods: We model tractography as a sampling problem in
therefore, shows promise as a tool with which to study connectivity beD%D\HVLDQIUDPHZRUN/HWDQ\¿EHUSDWKZD\EHGH¿QHGE\WKHGLVFUHWH
tween various regions of the normal human brain, and perhaps to help diagposition function s = {s1,s2,…,sn`JLYHQD¿[HGGLVWDQFHEHWZHHQHDFK
nose neuronal disruption in the presence of trauma and disease.
point of the pathway (e.g. 1 mm). Let D represent the entire DW data set.
9,-,9,5*,:-<5+05.:6<9*,
7KHQRXUJRDOLVWRVDPSOHWKHSRVWHULRUGLVWULEXWLRQGH¿QHGE\%D\HVUXOH
Shaohua Sun A. J. Sherbondy, M. Ben-Shachar, R. F. Dougherty, D. Akers, S.
as P(s|D) = P(D|s)P(s) / P(D). Previous probabilistic approaches sample
Napel and B. A. Wandell, “MetroTrac: A Metropolis algorithm for probabilistic
from the posterior in a sequential manner under the assumption P(s|D) =
tractography”, Human Brain Mapping, Florence, Italy, June 2006.
NIH EY015000 and NIGMS Scientist Training Grant.
P(s1|D)P(s2|D,s1)…P(sn|D,sn-1). However this assumption can be violat-

*VYYLJ[PUN<UKLYZLNTLU[H[PVUVM1\_[HWSL\YHS3\UN5VK\SLZPU*OLZ[*;
10(5;(67<.,6--9<)051<:;<:966:+(=0+:7(02+,7(9;4,5;6-9(+0636.@
When thresholding-based methslices from these datasets that do not
ods are used for lung segmentation,
contain juxtapleural nodules. 65 of 67
juxtapleural nodules are often incorjuxtapleural nodules were correctly
rectly excluded from the segmentation.
¿[HG DQG DGGHG WR WKH VHJPHQWDWLRQ
Correcting the under-segmentation of
leading to a per-nodule sensitivity of
juxtapleural lung nodules is crucial
97%. The remaining 2 nodules (2.2
for many applications such as nodule
mm and 2.3 mm in diameter) were both
CAD. Our goal is to develop an algoSDUWLDOO\ ¿[HG 5HODWLYH WR WKH RULJLQDO
ULWKP WR DXWRPDWLFDOO\ ¿[ WKLV XQGHU
segmentation, no undersegmention ocsegmentation while minimizing any
curred. In the nodule-free images, the
over-segmentation. To correct the unper-pixel oversegmentation rate was
der-segmentation caused by juxtapleu3.8% with respect to the segmentation
ral lung nodules, the algorithm marches
based on the thresholding technique.
along the border “bridging” juxtapleuThe majority of this oversegmentation
ral nodules through a novel algorithm
was due to bronchii and hilum which,
that produces a localized convex hull
depending on the application, may be
but leaves the border intact elsewhere.
desired to be included. Figure 1 shows
Figure 1: A correction example where juxtapleural nodules are
The algorithm uses a boolean OR op- indicated by arrows and the correction result is indicated
an example about the correction result.
eration so that it may only add to the
The contour in red indicates the lung
original segmentation. To test the algorithm, we used a total 20 chest
regions obtained by thresholding-based method, while the contour in
CT scans with 330 lung nodules as determined by a consensus panel of
green the lung regions with juxtapleural nodule correction.
radiologists (1.5-18 mm; mean 4.1 mm). 67 of these were juxtapleural.
The results of the algorithm were reviewed and categorized by an ex9,-,9,5*,:-<5+05.:6<9*,
SHULHQFHGUDGLRORJLVW7KHVHQVLWLYLW\RIWKHDOJRULWKPZDV¿UVWWHVWHG
by green contour.
on the axial slices that contained these juxtapleural nodules. Then, the
This work was supported by NIH grant number R01 CA109089 and the Richard
VSHFL¿FLW\RIWKHDOJRULWKPZDVWHVWHGRQUDQGRPO\VHOHFWHGD[LDO
M. Lucas Foundation.
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3\UN5VK\SL+L[LJ[PVUI`(UHS`aPUN=V_LSIHZLK,_WHUKPUN7YVJLZZ
10(5;(67<.,6--9<)05+(=0+:7(02+,7(9;4,5;6-9(+0636.@
Due to the great varieties of
mm; mean 4.1 mm). Figure 1 shows
lung nodules such as shape, locathe nodules distributions among the
tion, size and intensity, it is still dif20 chest CT scans. Our preliminary
¿FXOWWRDXWRPDWLFDOO\GHWHFWQRGXOHV
experiments demonstrate that the
with a high sensitivity but few false
overall sensitivity for nodule detecpositives. We are trying an algotion with this algorithm was 90.3%
rithm which characterizes nodules
(298 of 330 nodules) for all nodules
by analyzing the principle compo(1.5-18mm). For nodules 3mm and
nents of a voxel-based expanding
larger, the sensitivity was 94.0%
process. This algorithm is supported
(204 of 217 nodules). For nodules
E\ WKUHH NH\ FRPSRQHQWV 7KH ¿UVW
3mm-6mm, the sensitivity was
one segments the lung region with
93.3% (154 of 165 nodules). For
juxtapleural nodules included. Due
nodules 6mm and larger, the sensito the fact that lung nodules usually
tivity was 96.2% (50 of 52 nodules).
have a high intensity with respect to
The algorithm has some valuable
Figure 1: Nodule distribution among the 20 chest CT scans
their surrounding structure, the secproperties: (1) it is not sensitive to
ond component locates all seed voxels with a local maximal intensity
nodule size; and (2) it is not sensitive to nodule locations (isolated, juxfor the expanding process. Given a seed voxel, the third component
tapleural, and juxtavascular). Our future work will focus on decreasing
clusters all voxels by decreasing the intensity progressively. At each
the false positives.
expanding stage, the geometric shape of the cluster is analyzed with
the help of principle component analysis. Since pulmonary nodules are
DSSUR[LPDWHO\ VSKHULFDO UHJLRQV WKH QRGXOH FDQGLGDWHV DUH LGHQWL¿HG
by comparing the three eigenvalues obtained from principle component analysis. To test the algorithm, we performed a preliminary test
9,-,9,5*,:-<5+05.:6<9*,
with a total 20 chest CT scans which contains 10,389 slices and 330
This work was supported by NIH grant number R01 CA109089 and the
Richard M. Lucas Foundation
lung nodules as determined by a consensus panel of radiologists (1.5-18

5VU7HYHTL[YPJ:OHWL(UHS`ZPZMVY3\UN*(+-HSZL7VZP[P]L9LK\J[PVU
((..(9>(31,.+9<)052+:7(023+,7(9;4,5;:6-1*647<;,9:*0,5*,29(+0636.@(5+39(+0636.@
Existing CAD algorithms may proto assess the FP reduction algorithm.
duce many false positives in order to
The algorithm achieves an average
achieve a high sensitivity for small
area under the ROC curve value of
lung nodules (~ 3 mm). This limits
0.985 in classifying the SNO CAD
their use by radiologists. The puroutput. In particular, when combined
pose of this work is to develop an
with SNO CAD, it was able to reduce
DOJRULWKP WR DXWRPDWLFDOO\ ¿OWHU RXW
the false positive rate to 5 per patient
as many false positive CAD detecfrom that of 540 per patient given by
tions as possible without adversely
SNO CAD alone while achieving a
affecting the sensitivity, thus creating
similar sensitivity.
a composite algorithm with much imOur novel algorithm can conproved performance for small nodules.
siderably improve the performance
We have built a new method for shape
of an existing CAD algorithm by sucanalysis to distinguish between lung
FHVVIXOO\¿OWHULQJRXWPRVWRILWVIDOVH
nodules and typical CAD false posipositives and correctly classifying
tives using a non-parametric approach.
almost all small lung nodules. It sigLocalized shape estimation is done by
QL¿FDQWO\UHGXFHVWKH¿QGLQJVUDGLRORcombining ray casting with geomet- 7KH¿JXUHVKRZVWKHFRPSDUDWLYH)52&FXUYHVEHWZHHQ612&$'DQG
gists have to review, without leaving
ric measures of isointensity conout
smaller nodules. In the future we
612&$'ZLWK)3UHGXFWLRQ
tours. A statistical analysis of these
hope to extend this algorithm beyond
Lung CAD.
measures is then used to construct features for a logistic regression
FODVVL¿HU )RU HYDOXDWLRQ WKH PHWKRG ZDV JLYHQ RXU SUHYLRXVO\ SXE9,-,9,5*,:-<5+05.:6<9*,
lished SNO CAD algorithm’s detections as input. 20 chest CT scans
Lung Nodule CAD False Positive Reduction Using a Novel Non-parametric
were performed and there were a total of 329 nodules with 95 being less
Shape Analysis Approach (submitted to RSNA 2006)
than 3 mm in size. 5-fold cross-validation was performed on the dataset
We wish to acknowledge NIH grant R01-CA109089.
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:[LW4PULY!,_[YHJ[PUN+PNP[HS:PNUHSZMYVT4PJYVHYYH`;PTL*V\YZL+H[H
+,)(:/0::(/661+(=0++033196),9;;0):/09(502:@3=0(73,=90;0:3+,7(9;4,5;:6-*647<;,9:*0,5*,
2
/,(3;/9,:,(9*/ 7630*@)06:;(;0:;0*:(5+39(+0636.@
StepMiner is a new method that extracts inthe accuracy of the extraction. When the step size
stantaneous transitions in gene expression time
is 5 times the standard deviation of the noise and
FRXUVH GDWD ,W LGHQWL¿HV JHQHV ZLWK H[SUHVVLRQ
WKHUHDUHWLPHSRLQWVWKHPHWKRG¿QGVWKHFRUSUR¿OHVZKLFKDSSHDUWR³WXUQRQ´DQG³WXUQRII´
rect signal (p-value threshold = 0.05) over 90% of
at one or more time points. The genes are then
the time for each signal type.
sorted by the type of temporal behavior, and sigWe also evaluated StepMiner on a publicly
nals of the same type are ordered by the times
available time course of microarrays taken at 12
at which on and off transitions occur. StepMiner
time points, measuring gene expression levels in
helps to discover temporal ordering of gene ex\HDVWWKDWXQGHUJRHVDGLDX[LFVKLIWZKHQD¿[HG
pression and thereby may reveal new insight into
amount of glucose is depleted (see Figure). The
gene regulatory networks.
signals are extracted from the data, then genes are
StepMiner uses adaptive regression to select
grouped by the type and time of changes in their
WKHEHVW¿WIURPDFROOHFWLRQRIFXUYHVZLWKYDU\expression. These groups are then tested using
ing numbers and times of transitions. The binary
*27HUP)LQGHU WR ¿QG *HQH 2QWRORJ\ DQQRWDAnalysis of diauxic shift on glucose limited
signal extracted for each gene has a p-value which
tions that are enriched within the gene groups.
budding yeast, a comparison of Hierarchical
estimates the likelihood that the match would have Clustering and StepMinter. StepMiner output is Our analysis reveals groups of genes that change
occurred for random data, assuming a Gaussian sorted according to the step positions and direcin similar ways and at similar times that have sigdistribution. The true false discovery rate (FDR)
QL¿FDQWDQGUHOHYDQW*HQH2QWRORJ\DQQRWDWLRQV
is estimated analyzing random permutations of the data, without makconsistent with a previous analysis of this data that was performed
ing assumptions about the probability distribution of the errors, and a
with traditional hierarcherial clustering and manual intervention.
p-value cutoff can adjusted to obtain an acceptable FDR.
Furthermore, our p-values are lower than those previously published,
We applied StepMiner to simulated data to evaluate its signal-towhich suggests that grouping by time-of-change may be more effective
QRLVHSHUIRUPDQFH)RUWKHDUWL¿FLDOGDWDVLJQDOVRIHDFKW\SHDUHJHQthan hierarchical clustering for identifying genes with binary states.
9,-,9,5*,:-<5+05.:6<9*,
erated randomly, and Gaussian noise is added. The extracted results are
NIH U56 CA112973
compared with original behavior before noise was added to measure

4`J0UHJ[P]H[PVUPU4V\ZL3`TWOVTHZ+YP]LZH*LSS\SHY:O\[KV^U7YVNYHT
*(;/,905,4:/(*/(-1(5+9,>1.,5;3,:2+,)(:/0::(/662:@3=0(73,=90;0:3+,(5>-,3:/,9
+,7(9;4,5;:6-14,+0*05,65*636.@29(+0636.@(5+3*647<;,9:*0,5*,
WR GHWHFW VLJQL¿FDQW FKDQJHV
In 25-60% of follicular
in mRNA abundance. Cdc25,
lymphoma patients, the
cad1, odc, cad, cul1, elf4e and
disease transforms to a
gpat follow the initial drop in
much
more
aggressive
0\F H[SUHVVLRQ FRQ¿UPLQJ
form, Diffuse Large Bthat they are indeed Myc
Cell Lymphoma, with poor
targets. We also found an
prognosis and resistance to
initial drop in the expression
treatment. Underlying the
FL (left) frequently transforms to DLBCL (right), with sharply decreased survival time.
of tfrc, fkbp 53, p16ink4,
transformation are changes in
dhfr, nup120, e2f1 and bap
gene expression, and the Myc
between 0.05 to 0.06 ng/ml doxycycline. Comparison with the qtPCR
oncogene has been implicated in the process. To determine genes that
results validated the measurements by microarray analysis, however
are directly regulated by Myc, we regulated Myc in a transgenic mouse
the magnitude of change differs due to the greater dynamic range of
model by titration with doxycycline, and measured gene expression
TW3&5 ,Q VXPPDU\ ZH LGHQWL¿HG JHQHV WKDW FKDQJH VLJQL¿FDQWO\ DW
FKDQJHVZLWKF'1$PLFURDUUD\V:HIRXQGWKDWWKHUHLVDZHOOGH¿QHG
0\F WKUHVKROG OHYHOV DQG TXDQWL¿HG WKHLU H[SUHVVLRQ OHYHO FKDQJHV
shift in gene expression patterns at a particular Myc threshold (0.05 ng/
These genes may represent the group of genes that are responsible for
POGR[\F\FOLQH 6LJQL¿FDQWO\XSUHJXODWHGDQGGRZQUHJXODWHGJHQHV
the biological outcome of threshold Myc levels.
ZHUHGHWHUPLQHGXVLQJ6LJQL¿FDQFH$QDO\VLVRI0LFURDUUD\VRQVDPSOHV
below and above Myc threshold. 898 genes were down-regulated and
591 genes were up-regulated, with a 5% false discovery rate (FDR).
It appears that at threshold levels of Myc expression there is a change
LQ WKH JHQH WUDQVFULSWLRQ SUR¿OH WKDW DUUHVWV WKH 51$ SURWHLQ DQG
9,-,9,5*,:-<5+05.:6<9*,
metabolic synthesis programs of tumor cells while inducing changes in
FL (left) frequently transforms to DLBCL (right), with sharply decreased
survival time.
genes involved in cell signaling processes and ATP generation. We also
This research is supported by the National Cancer Institute, grant number U56
analyzed the expression of 43 different genes known to be regulated
CA112973.
by Myc using quantitative PCR, and a novel analysis tool (StepMiner)
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*VZ[LMMLJ[P]LULZZVM)YLHZ[490:JYLLUPUN(TVUN)9*(4\[H[PVU*HYYPLYZ
:@3=0(273,=90;0:1)9650:3(=(:0.(31(330:652<90(52+,7(9;4,5;:6-19(+0636.@(5+24,+0*05,65*636.@
To evaluate the cost-effectiveness of screening women who
carry BRCA1 or BRCA2 mutations with breast MRI when screening mammography is found to be insensitive due to extremely dense
EUHDVWWLVVXHRIWHQLGHQWL¿HGLQZRPHQ\RXQJHUWKDQ\HDUVRIDJH
We developed a computer simulation model that generates individual life histories of the BRCA1/2 mutation carriers undergoing breast
cancer screening with mammography alone or in combination with
MRI. A cohort of 10 million women who were 25 years of age and
breast cancer free in the year 2005 was followed. For women under
age 50, mammography was assumed to have zero sensitivity to invasive tumors less than 5cm. For women above 50 years of age, the
proportion of women with extremely dense breast tissue dropped to
:HHYDOXDWHGKHDOWKEHQH¿WVDQGFRVWIRUDQQXDOVFUHHQLQJVWUDWegies whereby all women were screened with mammography from
ages 25-69 and screened with MRI for varying ages. Published data
were used on breast cancer rates among BRCA1/2 carriers, the accuracy of the mammography and breast MRI. Utilization rates and costs
of diagnostic and treatment interventions were based on a combination of published literature and Medicare payments. All costs were
in 2005 US dollars and cost and QALY were discounted by 3%.

Adding annual MRI to annual mammography screening yields a cost per
quality-adjusted life-year gained in the range of $31,300 to $493,980,
GHSHQGLQJRQWKHDJHVVHOHFWHGIRU05,VFUHHQLQJDQGWKHVSHFL¿F%5&$
mutation. Screening women ages 40 to 49 years whose mammogram is
extremely dense with breast MRI costs about $30,000 per QALY gained
in BRCA1 mutation carriers and $80,000 per QALY gained in BRCA2
mutation carriers. The cost-effectiveness ratio of adding MRI increases
when screening women in broader age ranges for both BRCA1 and
BRCA2 mutation carriers. The results were most sensitive to variations
in the cumulative breast cancer risk, cost of MRI and discount rate.
When mammographic screening is insensitive for BRCA1/2 mutation
carriers, adding breast MRI screening can be a cost-effective strategy
GHSHQGHQW RQ WKH DJHV VHOHFWHG IRU 05, VFUHHQLQJ DQG WKH VSHFL¿F
BRCA mutation.

9,-,9,5*,:-<5+05.:6<9*,
Plevritis SK, Kurian AW, Sigal BM, Daniel BL, Ikeda DM, Stockdale FE,
Garber AM, JAMA, 295: 2375-2384, 2006.
NIH U01 CA88248, California Breast Cancer Research Program Fellowship
Award No. 11FB-0051

*OVVZPUN7YVWO`SHJ[PJ4HZ[LJ[VT`V]LY490)YLHZ[*HUJLY:JYLLUPUN(TVUN>VTLUH[
/PNO0UOLYP[LK9PZRMVY)YLHZ[*HUJLY
(330:652<90(51(55,9,5,,/(9;4(524,9,+0;/(4033:14(9.61(--,,150*63,;;,4*/<511<+@,.(9),921(4,:
4-69+1(5+:@3=0(273,=90;0:3+,7(9;4,5;:6-14,+0*05,265*636.@/(9=(9+(5+39(+0636.@
Women at high inherited risk for breast cancer consider numerous
options to manage their risk, some of which are invasive and irreversible. To help these women make more informed decisions, we aim to
LGHQWLI\WKHIDFWRUVWKDWLQÀXHQFHZRPHQDWKLJKULVNWRFKRRVHEHWZHHQ
intensive screening (with mammography and MRI) and prophylactic
mastectomy.
Women at high breast cancer risk were evaluated in cancer genetics clinics and educated about options for breast cancer risk management, including prophylactic mastectomy (PM) or screening with
annual mammography plus breast MRI. After genetic counseling and
testing, they were mailed an 11-item questionnaire about their intended management of their breast cancer risk, and the Revised Impact of
Event Scale (RIES), a validated measure of breast-cancer related anxiety. Statistical analysis used Fisher’s exact test, 2-sided for categorical
variables and t-test for continuous variables.
88 women were sent a questionnaire, and 57 responded, yielding a
response rate of 65%. Mean age of responders was 42 years; 47% were
mutation carriers and 53% had strong family history. 21 (37%, 95% con¿GHQFHLQWHUYDO>@ ZRPHQGHFODUHGDORZ >@ 
DPRGHUDWHDQG >@ DKLJKOLNHOLKRRGRIFKRRVLQJ30
7KHUHZDVDQRQVLJQL¿FDQWWUHQGWRZDUGLQFUHDVHLQPHDQ5,(6VFRUH
in women with high (score=23) versus moderate or low (score=20) PM
likelihood groups (p=0.4); this range of scores was similar to scores

previously reported in women with high breast cancer risk. Compared
to moderate and low PM likelihood groups combined, the high likelihood group had a greater proportion of patients with personal breast
cancer history (77% vs. 32%, p=0.009). Low PM likelihood patients
KDGDVLJQL¿FDQWO\KLJKHUPHDQDJH YV\HDUVS  WKDQKLJK
and moderate likelihood groups combined.
In a clinic-based sample of women at high inherited breast cancer risk, younger age, personal breast cancer history, and higher breast
cancer-related anxiety as measured by RIES, were more frequent
among women likely to choose PM over MRI-based breast screening.
Evaluation of a larger number of high-risk women is planned. Followup questionnaire administration for women who have chosen intensive
EUHDVWVFUHHQLQJLVRQJRLQJZKLFKZLOOSHUPLWLGHQWL¿FDWLRQRIH[SHULences and characteristics which predict choice of continued screening
versus PM.

9,-,9,5*,:-<5+05.:6<9*,
Allison Kurian, Anne-Renee Hartman, Meredith A. Mills, Margo Jaffee,
Nicolette M. Chun, Judy E. Garber, James M. Ford and Sylvia K. Plevritis,
Choosing Prophylactic Mastectomy over MRI Breast Cancer Screening Among
Women at High Inherited Risk for Breast Cancer, San Antionio Breast Cancer
Symposium, 2005.
California Breast Cancer Research Program Fellowship Award No. 11FB-0051
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4VKLSPUN4H`V3\UN7YVQLJ[[V(ZZLZZ,MÄJPLUJ`VM:JYLLUPUNMVY3\UN*HUJLY
4(2:047(:/2,=0*/)9650:3(=(:0.(3:@3=0(73,=90;0:+,7(9;4,5;6-9(+0636.@
Lung cancer is the leading cause of death in the United States, and
identifying medical interventions that increase the cure rate for this disease is of paramount importance. Screening for lung cancer can be benH¿FLDOWRPRUWDOLW\UHGXFWLRQVLQFHGHWHFWLQJWKHWXPRUDWHDUOLHUVWDJH
may lead to better chances of prolonged survival or cure. Although several randomized clinical trials like the Mayo Lung Project (MLP) that
were aimed at investigating the effect of x-ray screening on lung cancer
GLGQRWGHPRQVWUDWHWKHVWDWLVWLFDOO\VLJQL¿FDQWUHGXFWLRQRIPRUWDOLW\
HI¿FLHQF\ RI VFUHHQLQJ LV EHLQJ UHFRQVLGHUHG WRGD\ )LUVWO\ WKH 0/3
results are still controversial, partly due to screening in the control arm.
Secondly, the availability of more sensitive technologies such as computed tomography (CT) has assessing further ignited the debate on the
HI¿FLHQF\RIVFUHHQLQJIRUOXQJFDQFHU7RWKLVHQGRXUJRDOLVWRSUHGLFW
the impact of CT screening on lung cancer by developing a model that
¿UVWVLPXODWHVWKHRXWFRPHVRI[UD\VFUHHQLQJ
To investigate the effect of screening on lung cancer mortality, we
developed a stochastic simulation model that reproduces the life and disease histories of patients at high risk, and evaluates various x-ray screening scenarios for these patients. The core of the Monte-Carlo simulation
is the statistical model of the natural history of lung cancer, which is built
based on the data from the Surveillance Epidemiology and End Results

database. The validation of the model performance under the screening
settings was performed by reproducing the MLP trial.
Our simulation model is able to closely match the incidence and
mortality rates at seven years after randomization both for the conWURO DQG LQWHUYHQWLRQ DUPV RI WKH 0/3 ZLWKLQ  FRQ¿GHQFH LQWHUvals of the observed results. For the incidence, the observed mean and
 FRQ¿GHQFH ERXQGV DUH >@ LQ WKH FRQWURO DUP DQG
>±@LQWKHLQWHUYHQWLRQWKHPRGHOHGH[SHFWHGYDOXHVDUH
5.16 in the control arm and 5.84 intervention in the intervention arm.
The model also accurately reproduces the stage distribution and survival curves observed in the trial. While the MLP showed a 4% mortality increase in the study group, our model predicts a 3% mortality
reduction due to screening, and 8% mortality reduction when compared
to a hypothetical unscreened control arm. The ability to replicate this
x-ray-based randomized clinical trial allows us to extend our studies
to evaluate the effectiveness of CT screening for lung cancer using our
mathematical model of lung cancer progression.

9,-,9,5*,:-<5+05.:6<9*,
NIH R01 CA105366

:[VJOHZ[PJ4VKLSZMVY[OL:[HNL7YVNYLZZPVUVM)YLHZ[*HUJLY
)9650:3(=(4:0.(3(5+:@3=0(27 3,=90;0:+,7(9;4,5;6-9(+0636.@
Breast cancer is generally staged
tected) progress to distant stages by the
as local, regional or distant disease. The
time tumor reaches a diameter of 10 cm
probability that a primary breast tumor
whereas Model II predicts that only 18%
is associated with an advanced disease
of tumors progress to distant disease when
stage increases with the tumor’s volume
tumor is 10 cm in diameter. Furthermore,
at symptomatic detection. It is possible
Model I predicts that slower growing tuthat detecting the tumor at a smaller size,
mors are more likely to be detected in adin particular by screening, could result in
vanced stages, whereas Model II predicts
a less advanced disease stage and improve
that faster growing tumors are more likely
the patient’s prognosis. To quantify the
to be detected in advanced stages.
KHDOWK EHQH¿W RI EUHDVW FDQFHU VFUHHQLQJ
This study shows that models based
programs with mammography and MRI,
on reasonable assumptions and providing
we model the natural progression of canVLPLODU¿WWRWKHREVHUYHGSRSXODWLRQOHYHO
cer from less to more advanced stages; in
data could have widely different unobparticular, we develop analyze mathematservable properties and consequently proCumulative distribution function of the tumor size at observable nodal metastasis and observable distant metastasis.
ical models of tumor progression in terms
vide different predictions of the impact of
Models I and II.
of tumor growth and stage transitions.
screening programs. Because natural histoWe have fully explored two alterry models of cancers are increasingly being
native stochastic models for the natural history of breast cancer stage
used to estimate the impact of cancer control programs on the population,
progression. Both models are based on clinically and biologically
WKHFULWHULRQIRUPRGHOVHOHFWLRQVKRXOGQRWEHVLPSO\GDWD¿WEXWDOVRD
UHDVRQDEOH DVVXPSWLRQV DQG SURYLGH FRPSDUDEOH ¿W WR GDWD REWDLQHG
careful evaluation of the model predictions
from the Surveillance, Epidemiology and End-Results database on tumor size and stage (local, regional, distant) at symptomatic detection.
9,-,9,5*,:-<5+05.:6<9*,
Interestingly, the models produce different predictions. For example,
Sylvia K. Plevritis, Peter Salzman, Bronislava M. Sigal, Peter W. Glynn. A
the models predict different distributions of tumor sizes at stage transinatural history model of stage progression applied to breast cancer. Statistics in
Medicine, (in press).
tions. They also differ by stage at symptomatic detection for a given
NIH U01 CA88248
tumor volume doubling time. Model I predicts 83% of tumors (unde-
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)PVSVNPJHS,]HS\H[PVUVMH5V]LS.LUL*H[PVUPJ5HUVWHY[PJSLMVY;OLYHWL\[PJZHUK
0THNPUNVM.SPVISHZ[VTH4\S[PMVYT.)4PU9H[4VKLS
4(302(3(9()0@0:/(5@(5.:;,=,5*/603,96@:04:40*/(,3304@05.>(5.:(409(.<**065,
decayed to background at 20 days
Purpose: In this study theraindicating no tumor residue or reSHXWLFHI¿FDF\YROXPHDQGPHWDcurrence (Figure 1.). T2-weightedbolic tumor changes, and toxicity
MR imaging showed reduction of
RI DQ DQWLDQJLRJHQLF Y WDUtumor size after the treatment. The
geted gene delivery system was
untreated rats had a continuous inevaluated.
crease in FDG uptake and tumor
Methods: A mutant Raf-1 gene
volume until the animals died at
ZDVGHOLYHUHGXVLQJ Y WDUJHWHG
15-27 days post implantation. In
nanoparticles. The nanoparticle size,
toxicity study (rats without tumor)
zeta-potential, stability and elecQRVLJQL¿FDQWGLIIHUHQFHKDVEHHQ
tromicroscopy were determined.
observed. The blood chemistry
Intravenous injections of nanoparDQG&%&SUR¿OHRIWKHUDWWUHDWHG
ticle were given to rats with orthowith therapeutic and highest doses
tropic intracranial RT2 tumors. For
were comparable to these of conthe toxicity study one single bolus
trol rats.
injection was used. Animals were
Conclusion: The targeted
imaged with 18F-FDG-PET and
ability
and high stability of this
T2-weighted MR. MTD, LD50,
novel
nanoparticle
allows a drascomportment, weight, blood chemFigure 1. Representative serial T-2 weighted MR (top of A) and 18F-FDG miistry and cell analysis and histopa- FUR3(7LPDJHV ERWWRPRI$ 7UHDWPHQWVZHUHFRQGXFWHGDWGD\VDQGDIWHU tic reduction of the total dose
thology was investigated for the tumor initiation. Brightness on the rim of the tumor shown on Day14 MR indicates the DGPLQLVWHUHGDQGWKHHI¿FDF\LQ
GHYHORSPHQWRIQHFURVLVDVVRFLDWHGZLWKDVLJQDOGHFUHDVHLQWKHFRUUHVSRQGLQJ3(7
GBM rat tumor model. Results
toxicity study.
images. Dark area in the center of the tumor on Days 20 and 24 MR images represent
Results: The EM pictures conWXPRUVKULQNDJHREVHUYHGDOVRLQWKHFRUUHVSRQGLQJ3(7LPDJHV&UHSUHVHQWLQJWKH ZHUH FRQ¿UPHG WKURXJK LQ YLYR
¿UPHG WKH VPDOO VSKHULFDO VKDSH 6WDQGDUG8SWDNH9DOXH 689 RI))'*LQUDWEUDLQWXPRUZLWKWUHDWPHQWRI13 imaging and immunohistochemsize and the polymerized structure SUV increases up to day 10 followed by a continuous decrease till the end of the istry. Further evaluation including biodistribution and functionof the nanoparticle. 18F-FDG-PET study.
al imaging is necessary to better understand the mechanism of action,
imaging showed increased FDG uptake in early treatment periods, followed
and the potential of this therapeutic for clinical translation.
by a continuous decrease in signal intensity that started on day 10. Signal

:`U[OLZPZHUK*OHYHJ[LYPaH[PVUVM+L_[YHU*VH[LK5HUVWHY[PJ\SH[L*VU[YHZ[(NLU[Z
40*/(,3(3,?(5+,94*+65(3++,7(9;4,5;6-9(+0636.@3<*(:*,5;,9-6949:7,*;96:*67@(5+04(.05.
Advances in instrumentation and data
with that of published X-ray powder diffracDFTXLVLWLRQPHWKRGVDUHGULYLQJWKH¿HOGRI
tion (XPD) patterns. The subtraction XPD patbiomedical MRI toward the use of higher
tern of dextran SPGO shows diffraction angles
PDJQHWLF ¿HOG VWUHQJWKV ZKHUH VWDQGDUG
and intensities similar, but not identical, to that
clinical MRI gadolinium (III) contrast agents
of published Gd2O3 diffraction patterns. High
exhibit poor water relaxivity. Although
r2/r1 ratios and magnetic susceptibility studit is anticipated that T2/T2* agents, such
LHV LQGLFDWH GH[WUDQ 63*2 FDQ EH FODVVL¿HG
as monocrystalline iron oxide nanocomas a superparamagnetic compound. Enhanced
SRXQGVZLOOSOD\DVLJQL¿FDQWUROHLQKLJK
UHOD[LYLW\ LV REVHUYHG DW KLJK PDJQHWLF ¿HOG
¿HOG 05, WKH SRWHQWLDO XVH RI SDUWLFXODWH
strength; largely because of solubilization of
JDGROLQLXP FRPSOH[HV LQ KLJK¿HOG 05,
SPGO via the surface adherent carbohydrate.
and molecular imaging is still in its early
Perhaps also contributing to the observed restages. To date, studies involving the struclaxivity enhancement is the ideal lattice structural and magnetic properties of relatively High-resolution Scanning Transmission Electron
ture of the central gadolinium oxide crystal
few crystalline, nanometer-sized gadolini- Microscopy and electron diffraction show the crystal lattice
and the effects of sonochemical preparation
um particulate complexes have been carried structure while Magnetic Susceptibility plots indicate the
on nanoparticle physicochemical properties.
out. This is in part because of the challenge superparamagnetic nature of the nanoparticulate.
These studies provide a basis for the developof making nanoparticulate suspensions that
ment of novel nanoparticulate contrast agent
are stable in aqueous solution. We have been able to better solubilize
platforms capable of improving contrast and sensitivity of detection for
small particulate gadolinium oxide (SPGO), prevent particle aggregaKLJK¿HOG05,DQGPROHFXODULPDJLQJ
tion, and investigate the physicochemical properties of dextran SPGO
9,-,9,5*,:-<5+05.:6<9*,
UHOHYDQWWRLWVXVHDVDKLJK¿HOGPDJQHWLFUHVRQDQFHFRQWUDVWDJHQWLQ
McDonald MA, Watkin KL. Investigations into the physicochemical
aqueous solution. Dextran SPGO demonstrates regular crystalline latproperties of dextran small particulate gadolinium oxide nanoparticles.
tices and has a gadolinium oxide electron diffraction pattern consistent
Acad Radiol 2006; 13:421-427.
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(JV\Z[PJ-PUNLYWYPU[ZVM7OV[VHJV\Z[PJ*VU[YHZ[(NLU[ZMVY4VSLJ\SHY0THNPUN
40*/(,3(3,?(5+,94*+65(3+:(409(.<**065,+,7(9;4,5;6-9 (+0636.@
response to laser stimulation. The
Photoacoustic
tomography
increase in PA signal amplitude is
(PAT) is a multi-modality imaging
Advantages: Monomers vs Nanospheres
in part due to the low density and
WHFKQLTXHWKDWPD\SOD\DVLJQL¿FDQW
great compressibility of the protein
role in early detection and monitoring
nanospheres subsequent to gas and/
of breast cancer. There have been few
or low density liquid incorporation.
published reports on the development
The great elasticity and strong reof contrast agents optimized for phostoring forces of the nanosphere shell
toacoustic imaging. We hypothesized
likely results in a sizable relative exthat absorbing dye-labeled protein
pansion ratio and subsequent large
nanospheres would respond to laser
amplitude of response to increasing
stimulation by thermoelastically gendriving pressure. The size range at
erated sound production. And furtherwhich we are able to achieve monomore that manipulation of laser pulsdisperse distribution also makes exing and nanosphere physico-chemical
travasation of nanospheres for imagcomposition could lead to control over
ing of tumor vasculature more likely
nanosphere oscillation and frequency
and improves the chances of receptor
of detection. The primary goals of
targeted imaging. We are currently
this study are to demonstrate the utilmaking smaller nanospheres (< 100
ity of labeled protein nanospheres for
nm) with the aim of improving sigimproved photoacoustic signal gennaling characteristics.
eration. Towards this aim we are exploring the enhancement in signal
amplitude gained by laser-driven protein nanosphere oscillation vs. that
of the precursor material for nanosphere synthesis, i.e., photoacoustically active “monomers,” using a phantom vessel and either ultrasound
9,-,9,5*,:-<5+05.:6<9*,
or laser stimulation. The photoacoustic contrast agent (PACA) used
McDonald MA, Jankovic L, Shahzad K, Burcher M, Guccione S, Li KCP.
LQ WKH SUHVHQW VWXGLHV ¿WFODEHOHG QDQRVSKHUHV VXVSHQGHG LQ DTXHRXV
Acoustic Fingerprintes of Photoacoustic Contrast Agents for Molecular
solution, were synthesized using sonochemical methods. We report the
Imaging. In Press
development of stable, unimodal distribution of PACA 650 nanometers
in diameter capable of emitting sizable echoes in response to ultrasound
stimulation and an even greater increase in signal-to-background in
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7YV[LPU5HUVZWOLYLZHZ7OV[VHJV\Z[PJ*VU[YHZ[(NLU[ZMVY
0THNPUN4VSLJ\SHY;HYNL[PUNHUK;OLYHW`\ZPUN*4<;(YYH`Z
40*/(,34*+65(3+:(409(.<**065,64,969(32(5)<;9<:;2/<90@(2<)
+,7(9;4,5;:6-9(+0636.@(5+,3,*;90*(3,5.05,,905.:;(5-69+<50=,9:0;@
rotein nanospheres are
WDUJHW VSHFL¿F GLDJQRVWLF
and therapeutic agents
capable of serving as
a platform for imaging
across several modalities;
including optical, MR,
CT, US and radioisotope
based techniques. We
have developed stable,
highly absorbing protein
nanospheres
which
emit large echoes in
response to ultrasound
stimulation and an even
greater acoustic response
to laser stimulation for
photoacoustic imaging. In
the present study receptor
VSHFL¿F WDUJHWLQJ DQG
gene delivery are being
evaluated in mammalian
cells, phantom models and animal tumor models. The contrast agents
XVHG LQFOXGH ¿WF ODEHOHG SURWHLQ QDQRVSKHUHV ¿WF16  UKRGDPLQH
labeled nanospheres (Rhd-NS), eGFP DNA loaded nanospheres
H*)316  DQG JDODFWRVLGDVH '1$ ORDGHG QDQRVSKHUHV JDO
NS).
Physical characterization demonstrates negatively charged
PRQRGLVSHUVHSDUWLFOHV)OXRUHVFHQWPLFURVFRS\RI¿WF16DQG5KG16
mouse labeled melanoma cancer cells reveals NS accumulation in tumor
cells proportional to NS concentration and incubation time. Fluorescent
microscopy of eGFP-NS transfected mouse melanoma cancer cells show
high levels of transfection in an incubation time and NS concentration
dependent manner. Cancer cell immunohistological staining with

anti-eGFP
antibody
DQG LPPXQRÀXRUHVFHQW
anti-(NS)
antibody
demonstrates NS mediated
cancer
cell
labeling
correlates with gene
transfection.
Analysis
RI 16 PHGLDWHG JDO
expression via Beta-Glo
transfection assay and
cell viability analysis
indicate NS utility in
gene delivery. Agarose
gel
electrophoresis
VWXGLHV UHYHDO
JDO
DNA is associated with
NS and likely intact. We
demonstrate
receptorVSHFL¿F WDUJHWLQJ RI
cancer cells using a probe
synthesis
technology
amenable to utilization
of other relevant biological molecules. The size range at which we
are able to achieve mondisperse distribution makes extravasation of
nanospheres for imaging of tumor vasculature more likely and improves
the chances of receptor targeted imaging. In addition to optimization of
photoacoustic response and imaging depth, we are currently exploring
the enhancement in sensitivity, resolution, and bandwidth gained by
using protein nanospheres with CMUT technology.

9,-,9,5*,:-<5+05.:6<9*,
McDonald MA, Hunter F, Xie J, Guccione S, Li KCP. Molecular Targeting and
Therapy for Cancer using Protein Nanospheres. In Press.
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0U=P]V4VSLJ\SHY0THNPUNVM/\THU,TIY`VUPJ:[LT*LSS+LYP]LK*HYKPVT`VJ`[LZ(M[LY
;YHUZWSHU[H[PVU0U[V[OL0ZJOLTPJ4`VJHYKP\T
*(6-,5.1(/4(+@:/,02/2?0(6@(5?0,1:/<(5305140*/(+9<22,93:(510=.(4)/09109=05.>,0::4(5396),9;*
96))05:216:,7/><141463,*<3(904(.05.796.9(4(;:;(5-69+407: +,7(9;4,5;:6-
2
:<9.,9@*(9+06;/69(*0*+0=0:06537(;/636.@(5++,=,3674,5;(3)0636.@44,+0*05,(5+5*(9+0636.@
:;(5-69+<50=,9:0;@:*/6636-4,+0*05,
and endodermal (AFP) difObjective: Embryonic
ferentiation markers were
stem (ES) cells are self-renot affected. After hESCnewing multipotent cells
CM transplantation, the
that constitute an unlimited
cardiac BLI signals decell source for regenerative
creased progressively from
medicine. In this study, we
2.6×106±2.7×105 at day 2,
differentiated human embryto 1.2×106±2.1×105 at day
onic stem cell into cardio7, to 3.6×105±5.2×104 at day
myocytes (hESC-CM) and
14, and 1.6×105±1.9×104
tracked their survival and
photons/sec/cm2/sterafunction in a mouse model of
dian at day 21. After 3
acute myocardial ischemia.
weeks, the BLI signal inMethods: H9 human
tensity remained stable
embryonic stem cells were
(2.2×105±5.6×104 at week
stably transduced with a
6 and 2.9×105±3.0×104 at
self-inactivating lentiviral
week 8), suggesting persisvector carrying a double
tent engraftment of stable
fusion (DF) reporter gene.
hESC-CM graft in the heart.
The construct contains an
Fractional shortening as
ubiquitin promoter driving $%ULJKW¿HOGRIK(6&V ; %*)3K(6&V ; &%HDWLQJDUHDRI(%V ; 
D: BioOXPLQHVFHQFHVLJQDOLQFUHDVHGZLWKFHOOQXPEHU(,QYLYRFDUGLDF%/,LPDJLQJRI
measured by echo showed
¿UHÀ\ OXFLIHUDVH DQG HQ- hESC-CM
improvement of cardiac
KDQFHG JUHHQ ÀXRUHVFHQFH
function following hESC-CM transplant compared to control ((29±6%
protein (LV-pUb-Fluc-egfp). The positively transduced cells were isoYV  3   )LQDOO\ LPPXQRKLVWRFKHPLVWU\ FRQ¿UPHG WKH
ODWHGE\ÀXRUHVFHQFHDFWLYDWHGFHOOVRUWLQJ )$&6 $IWHUGD\VRI
expression of troponin and smooth muscle actin within the hESC-CM
culturing, the hESC differentiated into beating cardiomyocyte clusters
graft.
which appeared in 30-40% of embryonic bodies (EB). Beating hESC&RQFOXVLRQ7KLVLVWKH¿UVWVWXG\WRLPDJHWKHVXUYLYDORIKXPDQ
CM (1x106) were isolated and injected intramyocardially into SCID
ES cell derived cardiomyocytes transplanted into ischemic host envimice following 30 minutes of LAD ligation (n=12). Control animals
ronments. Using a double fusion reporter gene, we analyzed hESC-CM
received 30 µl of PBS injection instead (n=10). Longitudinal hESCin vitro by molecular and biological assays, in vivo by BLI, and ex vivo
CM survival was monitored by optical bioluminescence imaging
by immunohistochemistry. Furthermore, we present preliminary evi(BLI). Echocardiography was performed at 2 and 4 weeks post-transdence that hESC-CM therapy can enhance cardiac function following
SODQW&HOOXODUHQJUDIWPHQWZDVFRQ¿UPHGE\FRQYHQWLRQDOKLVWRORJLF
ischemic injury. Ongoing studies will focus on elucidating the mechaanalysis.
nisms by which such improvement might occur.
Results: FACS analysis showed 17±5% of transduced hESC were
SRVLWLYHIRUJUHHQÀXRUHVFHQFH7KHLUJURZWKFKDUDFWHULVWLFVZHUHQRW
VLJQL¿FDQWO\ GLIIHUHQW IURP QRUPDO XQWUDQVGXFHG K(6& DV DVVHVVHG
9,-,9,5*,:-<5+05.:6<9*,
by cell viability and proliferation assays (P=NS). Likewise, RT-PCR
AHA and NHLBI (JCW)
showed the expression of ectodermal (Sox-2), mesodermal (Brachyury)
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;YHUZJYPW[PVUHS7YVÄSPUNVM9LWVY[LY.LULZ<ZLKMVY4VSLJ\SHY0THNPUNVM
,TIY`VUPJ:[LT*LSS;YHUZWSHU[H[PVU
16:,7/*><1,2,316:/<(4:7051,3-,5.*(62:/<(53052?0(6@(5?0,2630=0,9./,@:,5:20(5@*/,52(/4(+@
:/,02/396),9;*96))05:3(5@(;:(3,5264:(510=:.(4)/092,;648<,9;,946<:1
1
+,7(9;4,5;6-4,+0*05,+0=0:0656-*(9+0636.@2+,7(9;4,5;6-9(+0636.@(5+)06?796.9(4
3
+,7(9;4,5;6-:<9.,9@:;(5-69+<50=,9:0;@:*/6636-4,+0*05,(5+
4
(.03,5;;,*/5636.0,:7(36(3;6*(30-6950(
Stem cell therapy offers exciting promise for treatment of ischemic
heart disease. Recent advances in molecular imaging techniques now
allow investigators to monitor cell fate noninvasively and repetitively.
Here we examine the effects of a triple-fusion reporter gene on embryRQLFVWHP (6 FHOOWUDQVFULSWLRQDOSUR¿OHV0XULQH(6FHOOVZHUHVWDEO\
transfected with a self-inactivating lentiviral vector carrying a triple-fuVLRQ 7)  FRQVWUXFW FRQVLVWLQJ RI ÀXRUHVFHQFH ELROXPLQHVFHQFH DQG
positron emission tomography (PET) reporter genes. Fluorescence-activated cell sorting (FACS) analysis allowed isolation of stably transfected populations. Microarray studies comparing gene expression in
nontransduced control ES cells vs. stably transduced ES cells express-

ing triple fusion (ES-TF) revealed some increases in transcriptional
variability. Annotation analysis showed that ES-TF cells downregulated
cell cycling, cell death, and protein and nucleic acid metabolism genes
while upregulating homeostatic and anti-apoptosis genes. Despite these
transcriptional changes, expression of the TF reporter gene had no sigQL¿FDQW HIIHFWV RQ (6 FHOO YLDELOLW\ SUROLIHUDWLRQ DQG GLIIHUHQWLDWLRQ
capability. Importantly, transplantation studies in murine myocardium
demonstrated the feasibility of tracking ES-TF cells in living subjects
using bioluminescence and PET imaging. Taken together, this is the
¿UVWVWXG\WRDQDO\]HLQGHWDLOWKHHIIHFWVRIUHSRUWHUJHQHVRQPROHFXODU
imaging of ES cells.

0U=P]V=PZ\HSPaH[PVUVM,TIY`VUPJ:[LT*LSS:\Y]P]HS7YVSPMLYH[PVUHUK4PNYH[PVU
(M[LY*HYKPHJ+LSP]LY`
-,5.*(61":/<(53051?0(6@(5?0,1790;/(9(@14(50:/2<4(97(;,31?0(5A/65.A/(5.140*/(+9<22,92:*6;;1
+@33(2(5+9,>1*655633@2?0(6@<(5*/,5109=05.3>,0::4(52:(510=:.(4)/091,316:,7/*><1,4
+,7(9;4,5;:6-19(+0636.@27(;/636.@(5++,=,3674,5;(3)0636.@
3)06,5.05,,905.(5+44,+0*05,+0=0:0656-*(9+0636.@
mography signals in study animals
Background— Recent studies
were 3.7x107±5.8x106 photons ·
have shown that stem cell therapy
s–1 · cm–2 per steradian (sr) and
can promote tissue regeneration;
0.08±0.03% injected dose/g, rehowever, monitoring stem cells
spectively (P<0.05 versus control).
in vivo remains problematic owBoth signals increased progressiveing to limitations of conventional
ly from week 1 to week 4, which
histological assays and imaging
indicated ES cell survival and promodalities.
liferation in the host. Histological
Methods and Results— Murine
analysis demonstrated the formaembryonic stem (ES) cells were station of intracardiac and extracarbly transduced with a lentiviral vecdiac teratomas. Finally, animals
tor carrying a novel triple-fusion
(n=4) that were treated with intra(TF) reporter gene that consists of
peritoneal injection of ganciclovir
¿UHÀ\ OXFLIHUDVH PRQRPHULF UHG
(50 mg/kg) did not develop teratoÀXRUHVFHQFHSURWHLQDQGWUXQFDWHG
mas when compared with control
WK\PLGLQH NLQDVH ÀXFPUISWWN 
Figure 4. Molecular imaging of transplanted ES cells with bioluES cell viability, proliferation, and PLQHVFHQFH DQG 3(7 LPDJLQJ D 7R DVVHVV ORQJLWXGLQDO FHOO VXUYLYDO animals (n=4) treated with saline (1
differentiation ability were not ad- animals were imaged for 4 weeks. A representative study animal inject- mL/kg).
&RQFOXVLRQ² 7KLV LV WKH ¿UVW
versely affected by either reporter HGZLWK(67)FHOOVVKRZHGVLJQL¿FDQWELROXPLQHVFHQFH WRS DQG3(7
genes or reporter probes com- (bottom) signals at day 4, week 1, week 2, week 3, and week 4. In con- study to characterize ES cells that
WUDVWFRQWURODQLPDOVKDGEDFNJURXQGDFWLYLWLHVRQO\E4XDQWL¿FDWLRQ
pared with nontransduced control RILPDJLQJVLJQDOVVKRZHGDGUDVWLFLQFUHDVHRIÀXFDQGWWNDFWLYLWLHV VWDEO\ H[SUHVV ÀXRUHVFHQFH ELROXcells (P=NS). Afterward, 1x107 of from week 2 to week 4. Extracardiac signals were observed during sub- minescence, and positron emission
ES cells carrying the TF reporter VHTXHQWZHHNVF4XDQWL¿FDWLRQRIFHOOVLJQDOVVKRZHGDUREXVWLQYLYR tomography reporter genes and
gene (ES-TF) were injected into FRUUHODWLRQEHWZHHQELROXPLQHVFHQFHDQG3(7LPDJLQJ U  %/, monitor the kinetics of ES cell surindicates bioluminescence.
vival, proliferation, and migration.
the myocardium of adult nude
This versatile imaging platform should have broad applications
rats (n=20). Control animals received nontransduced ES cells
for basic research and clinical studies on stem cell therapy.
(n=6). At day 4, the bioluminescence and positron emission to-
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5V]LS+VUVY4\[H[PVU,UOHUJLZ:LUZP[P]P[`MVY5VU0U]HZP]L0THNPUNVM)PVS\TPULZJLUJL
9LZVUHUJL,ULYN`;YHUZMLY:PNUHSPU3P]PUN:\IQLJ[Z
()/010;+,(5+9,(:436,505.1(5+:(510=:.(4)/091,2
463,*<3(904(.05.796.9(4(;:;(5-69+407:(5+)06?796.9(4(;:;(5-69++,7(9;4,5;:6-19(+0636.@(5+
2
)06,5.05,,905.:*/6636-4,+0*05,:;(5-69+<50=,9:0;@
Bioluminescence resonance energy transfer (BRET) is a sensitive
detection assay used for studying various protein functions in vitro and
in vivo. The current study demonstrates construction and validation of
new improved BRET vectors by fusing novel Renilla luciferase (RLuc)
mutants (donor), selected for increased quantum yield and stability to
the GFP2 acceptor.
Three different mutations of RLuc, a single mutation C124A, a
double mutation C124A/M185V, and a combination of eight mutations
FDOOHG5/XFZHUHIXVHGZLWK*)3DQGWHVWHGLQ+7¿EURVDUcoma cells by using CCD camera based spectral imaging. The new vectors were also tested in a small animal tumor model with implanted cells
at various tissue depths.
In comparison to the cells expressing GFP2-RLUC, normalized
OXFLIHUDVH VLJQDO VKRZV PDUNHGO\ VLJQL¿FDQW 3  LQFUHDVH RI 

fold for GFP2-RLUC8 fusion, and 25 fold for GFP2-RLUCM185V,
whereas BRET signal shows 80 and 40 fold increase respectively. No
VLJQL¿FDQWLPSURYHPHQWVDUHQRWLFHGZLWKWKH&$PXWDWLRQ%\HVtablishing HT1080 cells constitutively over-expressing GFP2-RLUC
and GFP2-RLUC8 with equal transgene expression, we determined
that each GFP2-RLUC8 cell yields a BRET signal that is equivalent to
approximately 30 GFP2-RLUC expressing cells. Further, we tested the
sensitivity of the new BRET vector by imaging individual stable cells as
well as cells at subcutaneous and deeper tissues of animals.
7KHVH QHZ %5(7 YHFWRUV ZLWK LPSURYHG %5(7 HI¿FLHQF\ DQG
sensitivity should accelerate the study of distance dependent processes such as protein-protein interaction and protein phosphorylation by
measuring the events directly from live cells and from small animal
models.

9LWYVK\JPIPSP[`VM+,6?@B-D-S\VYV+.S\JVZL
-+.4PJYV7,;:[\KPLZPU4PJL?LUVNYHM[Z
4(5.(3:+(5+,2(91,--9,@9;:,5.:(510=:.(4)/09
463,*<3(904(.05.796.9(4(;:;(5-69+407:)06?796.9(4+,7(9;4,5;6-9(+0636.@
2EMHFWLYH  GHR[\>)@ÀXRUR'JOXFRVH )'*  KDV EHHQ
used to image mouse xenograft models with microPET for therapy response. However, the reproducibility of serial scans has not been estimated. The purpose of this study was to determine the reproducibility
of FDG microPET studies.
Methods: Mouse tumor xenografts were formed with murine
melanoma cells, B16F10 (N=5) and human pancreatic carcinoma cells,
MiaPaCa (N=3). A 10 minute microPET R4 (Concorde) scan was performed 1 hour after a 100 µCi FDG injection via the tail vein. A second
microPET scan was performed 6 hours later after re-injection of FDG.
Twenty-four sets of studies were performed. Mean injected dose per
gram (%ID/g) values were calculated from tumor regions of interest.
7KHFRHI¿FLHQWVRIYDULDWLRQ &29 DQGGLIIHUHQFHVLQWKHPHDQ,'J
from studies performed on the same day were calculated to determine

the reproducibility. Activity from the second scans performed after 6
hours were adjusted by subtracting the estimated residual activity from
WKH¿UVW)'*LQMHFWLRQ
Results: The COV for the mean %ID/g between FDG microPET
scans performed on the same day 6 hours apart was 14.5±11.0%. The
difference between mean %ID/g of the two scans was 0.2±1.3%. The
tumor size, body temperature, and body weight did not appear to contribute to the variability of the scans.
Conclusions: FDG microPET xenograft mice studies were reproducible with moderately low variability. This level of variability is suf¿FLHQWIRUUHDVRQDEOHDVVHVVPHQWVRIVHULDOFKDQJHV7KHVHUHVXOWVFDQ
be applied to follow tumor therapy response or for pre-clinical drug
evaluation.
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Objectives: Stem cell transplantation shows exciting promise for
treatment of various diseases. To monitor the real-time survival of transplanted stem cells in living subjects, reporter genes are often introduced
into stem cells. However, their effects on stem cell function remain
SRRUO\GH¿QHGWRGDWH7RWKLVDLPZHH[DPLQHGWKHHIIHFWVRIDQRYHO
and versatile triple fusion (TF) reporter gene on murine embryonic stem
(ES) cell function using proteomic analysis.
Methods: Murine ES cells were stably transduced with a self-inDFWLYDWLQJ OHQWLYLUDO YHFWRU FDUU\LQJ D ÀXRUHVFHQFH ¿UHÀ\ OXFLIHUDVH
)OXF  ELROXPLQHVFHQFH PRQRPHULF UHG ÀXRUHVFHQFH SURWHLQ PUIS 
and positron emission tomography (mutant herpes simplex virus truncated thymidine kinase; HSV-ttk) reporter gene (ES-TF). Stably transGXFHGSRSXODWLRQVZHUHLVRODWHGZLWKÀXRUHVFHQFHDFWLYDWHGFHOOVRUWLQJ

(FACS). Afterwards, proteins from control untransduced ES and ES7)FHOOVODEHOHGZLWK2DQG2LVRWRSHZHUHDQDO\]HGDQGLGHQWL¿HG
E\FRPELQHGPDWUL[DVVLVWHGODVHUGHVRUSWLRQLRQL]DWLRQWLPHRIÀLJKW
(MALDI TOF) mass spectroscopy and reverse phase chromatography
using Mascot search engine. The viability, proliferation, and differentiation of both control ES and ES-TF cells were also analyzed prior to
subcutaneous injection into the right and left shoulders of nude mice,
respectively (n=12). ES-TF cell survival in living animals was detected by bioluminescence and positron emission tomography (PET)
LPDJLQJ XVLQJ WKH '/XFLIHULQ  PJNJ  DQG >ÀXRUR K\GUR
[\PHWK\O EXW\O@JXDQLQH >)@)+%*  &L UHSRUWHUSUREHV
respectively.

9LUPSSH3\JPMLYHZL=HYPHU[Z^P[O.YLLU,TPZZPVU7LHRZMVY
0TWYV]LK0THNPUNPU3P]PUN:\IQLJ[Z
(5+9,(:436,505.1(55(4><3:(510=:.(4)/091,2463,*<3(904(.05.796.9(4(;:;(5-69+407:
+,7(9;4,5;:6-19(+0636.@ 2)06,5.05,,905.)06?796.9(4:;(5-69+3*9<4705:;0;<;,-69463,*<3(904(.05.
+,7(9;4,5;6-463,*<3(9 4,+0*(37/(94(*636.@<*3(:*/6636-4,+0*05,
LQYDULDEO\ H[KLELWHG VLJQL¿FDQWO\ UHGXFHG HQ]\PDWLF DFWLYLW\ IXUWKHU
UDQGRP PXWDJHQHVLV DQG VLWHVSHFL¿F VDWXUDWLRQ PXWDJHQHVLV VWXGLHV
were undertaken. These experiments resulted in additional RLuc variants with up to 60 nm red-shifted emission spectra (541 nm peak, 557
QP PHDQ  0RUH LPSRUWDQWO\ VRPH RI WKH LGHQWL¿HG YDULDQWV VKRZHG
only minimal changes in enzymatic activity. The most promising for
in vivo use is a 4 mutation variant of RLuc8 that exhibits a green emission spectrum (532 nm peak, 545 nm mean) yet retains 85% of RLuc8’s
enzymatic activity. It is estimated that at a depth of 5 mm of liver tissue,
this 4 mutant variant of RLuc8 will result in 23-fold more light escaping
the tissue than RLuc, with 70% of this improved performance arising
IURP WKH JUHHQ SHDNHG HPLVVLRQ VSHFWUXP  7KLV LV D VLJQL¿FDQW LPprovement for imaging over previous RLuc variants, and should greatly
aid the use of Renilla luciferase as an in vivo reporter gene.

Renilla luciferase (RLuc) is commonly used as a reporter gene either on
LWVRZQRULQFRQMXQFWLRQZLWK¿UHÀ\OXFLIHUDVH,WVXVHLQELROXPLQHVcence imaging, however, has been hampered by the emission spectrum
generated when it catalyzes its substrate coelenterazine (481 nm peak,
497 nm mean), as blue wavelength photons are strongly attenuated in
ELRORJLFDOWLVVXHV7RRYHUFRPHWKLVGLI¿FXOW\ZHKDYHH[SORUHGUHG
shifting the emission spectrum of RLuc in order to increase its utility for
small animal imaging applications.
Through the use of a homology model of RLuc and an estimate of the
substrate orientation in the active pocket, residues were selected for
site-directed mutagenesis. Starting from a stabilized and more active
variant of RLuc (RLuc8) as the parental enzyme, a range of emission
shifts were created (475-513 nm peak, 491-536 nm mean) by these single residue alterations. As these variants with active pocket mutations
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,]HS\H[PVUVMH5V]LS9LJ[HUN\SHY=HYPHISL-PLSKVM=PL^
>OVSL)VK`*SPUPJHS7,;:`Z[LT+LZPNU
-9,A./0/();,.<033,479(;?7,;,9+63*6;;*9(0.:3,=05+,7(9;4,5;6-9(+0636.@
IRU WZR FRQ¿JXUDWLRQV   D VWDQGDUG F\OLQGULFDO JHRPHWU\ DQG   D
rectangular geometry with four overlapping detector panels that can be
translated with respect to each other. The rectangular geometry allows
IRUWKH)29WREHDGMXVWHGVSHFL¿FDOO\IRUWKHVXEMHFWLQFRQVLGHUDWLRQ
(e.g small adults, children, brain, breast, prostate etc). Simulation results showed slight improvement in photon sensitivity (>8 cps/kBq) for
the rectangular system than for a cylindrical system (~7 cps/kBq) with
the same transaxial and axial FOV (83 and 16 cm) for a line source at
the center according to the NEMA NU 2-2001 standard measurement.
More than twofold improvement in photon sensitivity is obtained when
the same number of block detectors used in the standard cylindrical
system are arranged in a rectangular geometry with smaller FOV (<
55 cm) with the detectors in close proximity to the subject. This paper
will present the result of simulation study for photon sensitivity; count
rate performance and reconstructed spatial resolution for the proposed
rectangular PET system design compared to conventional cylindrical
system.

Conventional whole body PET systems have detectors arranged
in a cylindrical geometry (~80 cm diameter and ~16 cm axial length).
The system diameter determines the solid angle coverage, which curUHQWO\OLPLWVWKHFRLQFLGHQFHSKRWRQGHWHFWLRQHI¿FLHQF\ DNDSKRWRQ
sensitivity) to a few percent for existing systems. Low photon sensitivity in current systems has also restricted the detector pixel resolution to
be ~4 mm for SNR considerations. Since the detectors do not provide
GHSWKRILQWHUDFWLRQ '2, LQIRUPDWLRQWKHXVHIXO¿HOGRIYLHZ )29 
is limited to ~55 cm to minimize the parallax error. There have been
many recent studies describing the development of new PET detectors
with DOI information. With adequate DOI resolution, a substantial enhancement of the photon sensitivity can be achieved by arranging the
detector closer to the subject, providing adequate photon sensitivity for
the use of higher resolution detectors to improve reconstructed spatial
resolution. In this work, Monte Carlo simulation is performed using a
standard block PET detector design (5.4 x 5.4 cm2 cross section area)
consisting of arrays of LSO crystals of 4x4x20 cm3 coupled to PMTs

,]LU[*SHZZPÄJH[PVU;LJOUPX\LZMVY3PZ[4VKL7VZP[YVU,TPZZPVU;VTVNYHWO`
(5.,3(42-6<+9(@*9(0.:3,=05.(99@*/055+,7(9;4,5;6-9(+0636.@
Using the Monte Carlo package GATE, we studied a small animal detector system comprising segmented LSO scintillation crystal
coupled to a position-sensitive avalanche photo-detector. The details
of each Compton scatter interaction and photoelectric absorption in
the scintillation crystals, for every annihilation photon, were written to
D¿OH,QWKHV\VWHPDOO&RPSWRQDQGSKRWRHOHFWULFLQWHUDFWLRQVIURP
one annihilation photon which occur in one PSAPD can not resolved
as separate interactions; only their center of mass (COM) position and
energy are determined by the PSAPD. All subsequent positioning calculations therefore, were performed on the data after an intra-PSAPD
COM calculation. A maximum likelihood approach was taken to predict
the position and incident angle of an event with interactions in two or
more PSAPDs due to the relatively low intrinsic energy (12%) and spatial (~2mm) resolution of this system as compared to cameras that utilize the Klein-Nishina formula for determining photon scattering angle
probability. Multiple interactions that occur in only one PSAPD are not
individually resolvable by the detector and look the same as a photoelectric interaction. The maximal probability in (location, angle) space
was calculated from the product of the probabilities of the COM location and interaction locations and energies. These probabilities were
calculated by constructing the probability density function (PDF) of the
COM of an event and the PDF of the interaction locations and energies for each training incident location and angle using Bayes’ equation.
Using this formalism, we have developed a means to predict interaction location and incident angle for realistic data from our small animal
PET detector that is capable of measuring depth of interaction. Using a
maximum likelihood approach, we were able to predict incident angle
to within +/- twelve degrees FWHM. This information will provide a
means to reject non-true coincidences that fall outside of our incident
angle resolution, beyond implementing energy and time windowing for
scatter and random rejection. Other uses of this technique include utiliz-

ing single events that fall within the energy window (PET + electronically collimated SPECT).

Illustration of event localization with angular information.

9,-,9,5*,:-<5+05.:6<9*,
$0.)RXGUD\&6/HYLQ³(YHQW&ODVVL¿FDWLRQ7HFKQLTXHVIRU/LVW0RGH
Positron Emission Tomography” Presented at the Bio-X Interdisciplinary
Initiatives Symposium, August 31st, 2005
This work was supported in part by NIH-NIBIB R33 EB003283, NIH-NCI

R21 CA098691, and NIH-NCI R01 CA119056
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6W[PTPaH[PVUVMH7,;)YLHZ[0THNPUN:`Z[LT<[PSPaPUN4VU[L*HYSV:PT\SH[PVU
(5.,3(42-6<+9(@-9,A./0/();,*9(0.:3,=057,;,9+63*6;;+,7(9;4,5;6-9(+0636.@
We are investigating a highthe best overall sensitivity. This foursensitivity, high-resolution positron
headed system was further investigated
emission tomography (PET) system
along with a traditional cylindrical sysfor clinical use in the detection, ditem for scattered, random and true count
agnosis and staging of breast cancer.
rate performance for various energy and
8VLQJFRQYHQWLRQDO¿JXUHVRIPHULW
coincidence time windows. The boxdesign parameters were evaluated for
shaped system had superior count rates
count rate performance, module dead
and true counts / total counts fraction
time, and construction complexity.
for all energy and coincidence time winThe detector system modeled comdows, with an optimal energy window of
prises extremely thin position-sensi24% of 511 keV and coincidence time
tive avalanche photodiodes coupled
window of 4ns. Further studies that we
to lutetium oxy-orthosilicate scintilare currently undertaking include scinlation crystals. We studied 10 systillation crystal size optimization, positems with various numbers of heads,
tioning algorithms, algorithms to deterDOO ZLWK WKH VDPH HIIHFWLYH ¿HOG RI
mine incident annihilation photon angle,
view (FOV) of 16cm. All systems
and reconstructed image quality of the
6HQVLWLYLW\ YV V\VWHP FRQ¿JXUDWLRQ 1RPHQFODWXUH WKH QXPEHU FRQVLGHUHGV\VWHPFRQ¿JXUDWLRQV
acquired data without breast comVSHFL¿HVWKHQXPEHURIKHDGVLQWKHV\VWHPWKH³W´GHVLJQDWLRQ
pression using a phantom uniformly
¿OOHGZLWK&LRI)DQGZDWHU means that the heads are translated to reduce gaps between heads.
$OOV\VWHPVKDYHWKHVDPH¿HOGRIYLHZRIFP
a 16cm diameter and 12cm length.
Investigations of detector geometries
9,-,9,5*,:-<5+05.:6<9*,
Foudray, AMK, Habte, F, Levin, CS, Olcott, PD, “Optimization of a Boxwith Monte Carlo indicated that one of the largest impacts on sensitivity
Shaped PET Breast Imaging System Comprised of Position Sensitive
is local scintillation crystal density, even when systems had the same
Avalanche Photodiodes Utilizing Monte Carlo Simulation” Physica Medica (in
average scintillation crystal densities (same crystal packing fraction and
press, 2006)
system solid-angle coverage). Of the ten systems simulated, the conThis work was supported in part by NIH-NIBIB R33 EB003283, NIH-NCI R21
¿JXUDWLRQZLWKIRXUKHDGVHQFORVLQJDER[VKDSH¿HOGRIYLHZSURGXFHG
CA098691, and NIH-NCI R01 CA119056

(JJLSLYH[LK3PZ[TVKL+6:,4MVY7VZP[YVU,TPZZPVU;VTVNYHWO`VU.YHWOPJZ7YVJLZZPUN<UP[Z
.79(;?.*/0551-/();,17+63*6;;1*:3,=05+,7(9;4,5;:6-9(+0636.@(5+2,3,*;90*(3,5.05,,905.
Advanced list-mode image reconstruction algorithms such as listmode 3D ordered-subset expectation maximization (OSEM) are needed
to leverage the potential performance of high resolution PET systems
with depth-of-interaction capabilities. Such algorithms are computationally intensive. Therefore, we used graphics processing units (GPU) to
accelerate list-mode 3D-OSEM by an order of magnitude with respect
to CPU-based implementations. Primarily designed to deliver high-definition graphics for video games in real-time, GPUs are now increasingly being used as cost-effective high-performance co-processors for
VFLHQWL¿F FRPSXWLQJ 3DUDOOHOL]DEOH DOJRULWKPV VXFK DV OLVWPRGH '
OSEM get drastically accelerated when the 32 programmable pipelines,
clocked at 550 Mhz of the GPU are used to carry the heaviest part of the
computation: the line forward projections and back-projections.
Processing time was measured for both algorithms. A single GPU
(GeForce 7900 GTX, NVIDIA) performed image reconstruction 30
times faster than the CPU version of the same algorithm.
A quantitative evaluation of this novel technique was performed
on Monte-Carlo simulated data and showed that the image quality was
not degraded by using the GPU in place of the CPU. In addition, the
*38DUFKLWHFWXUHFDQHI¿FLHQWO\LPSOHPHQWWKHPRUHDFFXUDWHWULOLQHDU
interpolation projection technique. Doing so resulted in an improvement of the contrast recovery, noise and mean-square error over the
simple Siddon’s projection technique.
GPUs can make complex image reconstruction algorithms for
high-resolution PET more practical for both clinical and research use.

Comparison of processing time for different algorithms implemented on
*38DQG&38FRXQWVZHUHUHFRQVWUXFWHGXVLQJRQHLWHUDWLRQRIOLVWPRGH26(0

9,-,9,5*,:-<5+05.:6<9*,
G Pratx, G Chinn, F Habte, PD Olcott, CS Levin. “Accelerated list-mode 3DOSEM reconstruction for PET on a graphics processing unit”. Oral presentation
at SNM Annual meeting 2006, San Diego.
NIH-NIBIB R33 EB003283, NIH-NCI R21 CA098691, NIH-NCI R01
CA119056
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-HZ[9LHKV\[(:0*MVY7VZP[PVU:LUZP[P]L(]HSHUJOL7OV[VKPVKLZ
PUTTYLZVS\[PVUHWWSPJH[PVUZWLJPÄJ7,;Z`Z[LTZ
7,;,9+63*6;;1,2*9(0.:3,=051,2;<4(@;<4,934(9;05*3(1<:3=0*;690(*(107,3(5+:/(@(2(>(3
+,7(9;4,5;6-19(+0636.@2463,*<3(904(.05.796.9(4:;(5-69+<50=,9:0;@:;(5-69+<50=,9:0;@
3
56=(9 +05*90=,9:0+,*(
Position sensitive avalanche photodiodes (PSAPD) are a promising detector that may replace photomultiplier
tubes in very high resolution depth-ofinteraction clinical and small animal
PET systems. FREDA (Fast Readout
Electronics for Diode Arrays) ASIC,
a 64 channel charge sensitive preamSOL¿HUVKDSLQJDPSOL¿HU&)'WULJJHU
and sample-hold ASIC, was designed
for the low noise , high speed, and
high density readout requirement of a
1 mm resolution breast-dedicated PET
camera that can locate the 3-D photon interaction coordinates. A 22Na
VRXUFHZDVXVHGWRÀRRGLUUDGLDWHWZR
different LSO crystals placed on the
8x8mm2 PSAPD detector. For these $FXWDZD\YLVXDOL]DWLRQRIDPPUHVROXWLRQEUHDVWGHGLFDWHG3(7FDPHUD
WKDWXVHVWKH)5('$$6,&WRUHDGRXWWKH36$3'GHWHFWRUV7KHSDQHOFRQmeasurements, a single channel of the
sists of many small position sensitive avalanche photodiodes that must be
FREDA front-end was connected to
compactly readout by the data acquisition electronics.
the PSAPD. We have characterized the
IURQWHQGORZQRLVHFKDUJHVHQVLWLYHSUHDPSOL¿HU /1$ DQGVKDSLQJ
DPSOL¿HURIWKH$6,&7KHIURQWHQGVKDSLQJHOHFWURQLFVDFKLHYHG

energy resolution with an 8x8x1
mm 3 LSO sheet crystal, and 6.3%
a 2x2x3 mm3 single LSO crystal at
511 keV. The FREDA ASIC-PSAPD
detector needs further evaluation to
determine the spatial resolution, and
timing resolution of a PET detector
module. The front-end electronic
components of the FREDA ASIC
provide performance that meets or
exceeds discrete electronics. The
ASIC provides the compact readout necessary for our portable PET
detector.

9,-,9,5*,:-<5+05.:6<9*,
P. Olcott, et al, “Fast Readout ASIC
for Position Sensitive Avalanche
Photodiodes in 1 mm resolution
DSSOLFDWLRQVSHFL¿F3(7V\VWHPV´
Society of Nuclear Medicine Meeting,
San Diego, CA, June 2007
This work was funded in by NIHNIBIBR 33EB003283, NIH-NCI

0THNL9LJVUZ[Y\J[PVU+\HS7HULS)YLHZ[+LKPJH[LK7,;:`Z[LT
.(99@*/055(5.,3(-6<+9(@105A/(5.*9(0.3,=05+,7(9;4,5;6-9(+0636.@
We investigated a fully 3-D listtion, with a 450-572 keV energy winmode ordered subset expectation maxidow, and a 4 ns time window, produced
mization (OS-EM) algorithm for re~10 million counts. Limited angle toconstructing images for a novel 1 mm
mographic images were reconstructed
resolution dual panel breast-dedicated
with a single iteration with 8 subsets of
positron emission tomography system
the list-mode, 3-D OS-EM algorithm
with 3-D photon positioning capability.
with rough normalization and without
The proposed system will improve the
attenuation correction.
detection of lesions in breast tissue by
We showed that for 4 cm panel
offering higher resolution and sensitivseparation, that a fully 3-D list-mode
ity than existing clinical PET systems.
OS-EM algorithm could visualize 2.5
The Monte Carlo package GATE
mm spheres all the way to the edge
was used to simulate 100x150 mm2
RI WKH ¿HOG RI YLHZ7KH VHQVLWLYLW\ DW
dual-panels comprising arrays of
WKH FHQWHU RI WKH ¿HOG RI YLHZ LV RYHU
Three planes of 2.5 mm spheres in a 5 x 5 grid were recon1x1x3 mm3 LSO crystals coupled to
a thousand times greater than at the
structed. Shown is a single plane.
novel thin position sensitive avalanche
corners. We are continuing to investiphotodiodes oriented edge-on with respect to incoming photons. The
gate normalization and regularization strategies for addressing the wide
simulated breast tumor phantom consisted of 125 spheres of 2.5 mm
variations in sensitivity in the dual-panel system.
diameter in one quadrant of the FOV with a center-to-center separation
of 8 mm, 18.25 mm, and 12 mm in the x, y and z directions, respectively
9,-,9,5*,:-<5+05.:6<9*,
(x is normal to the panel faces, y and z are along the 150 mm and 100
G. Chinn, A.M.K. Foudray, J. Zhang, C.S. Levin, Image reconstruction strategy
mm panel detector dimensions, respectively). Spheres were placed all
for a 1 mm resolution dual-panel breast-dedicated PET system that measures
the way out to the edge of the FOV in all three directions. The FOV was
photon interaction depth, Journal of Nuclear Medicine, vol. 47, supplment 1,
XQLIRUPO\¿OOHGZLWKZDWHUZLWK&L 0ET RI)DFWLYLW\
May 2006, pp. 182P.
WKHVSKHUHVZHUH¿OOHGZLWKDDFWLYLW\FRQFHQWUDWLRQUDWLRWREDFNThis work was supported in part by NIH-NIBIB R33 EB003283, NIH-NCI R21
CA098691, and NIH-NCI RO1 CA119056.
ground (each sphere contained 8 nCi or 303 Bq). A one minute acquisi-
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*VPUJPKLUJL4LHZ\YLTLU[Z^P[OHTT9LZVS\[PVU+7VZP[PVUPUN:JPU[PSSH[PVU+L[LJ[VY
MVY7,;[OH[\ZLZ:JPU[PSSH[PVU3PNO[4\S[PWSL_PUN
-9,A./0/();,7,;,963*6;;*9(0.:3,=05+,7(9;4,5;6-9(+0636.@
1 mm resolution PET systems are being developed for breast and
small animal imaging. These PET systems consists of pixellated lutetium oxyorthosilicate (LSO) crystals coupled to position sensitive avalanche photodiodes (PSAPDs) with 8x8 mm2 active area and ~200mm
thickness. The detectors are designed to provide accurate 3D photon
interaction positioning with 1 mm axial/transaxial resolution and 3 mm
depth-of-interaction resolution. We are studying a new crystal array
that uses light multiplexing to read two layers of LSO crystals using
a single PSAPD detector to reduce by a factor of two the number of
PSAPDs in the system. The crystal consists of a dual-layer LSO sheet
crystal (2x8x9 mm3) with slots on either side forming crystal pixels
(1x1x3 mm3) in two effective layers that are offset by a half crystal
pixel width with respect to each other in both directions. This paper
presents the result of scanned coincidence time and spatial resolution
PHDVXUHPHQWVSHUIRUPHG$ÀRRGPHDVXUHPHQWXVLQJ1D NH9 
source fully resolved all crystal-pixels including the half crystal pixels
(1x1x1.5 mm3) at the edge of the top layer with > 5: 1 peak to valley
ratio. Due to strong optical coupling between top and bottom layers,
two twin peaks have been resolved within each 3 mm long crystal pixel
with an average of 2.5:1 peak to valley ratio. After crystal segmentations to a half crystal pixel (1x1x1.5 mm3) for each resolved individual

crystal peak, an average energy resolution of 15% FWHM was obtained
ZKHQDVSHFXODUUHÀHFWRUZDVLQVHUWHGLQWKHVORWV&RLQFLGHQFHPHDsurements irradiating the detector system from side were performed
to determine the time and intrinsic spatial resolution of the detector. A
coincidence time resolution of < 5 ns was obtained after energy gating.
This preliminary result provided relatively worse energy and time resolution compared to energy resolution (12%) and time resolution (2 ns)
obtained for non-multiplexed single layer detector system. The energy
UHVROXWLRQLVH[SHFWHGWRLPSURYHZLWKRSWLPL]HGUHÀHFWRUPDWHULDODQG
FRQ¿JXUDWLRQ:HDOVRH[SHFWDQLPSURYHPHQWRIWLPHUHVROXWLRQWRa
2 ns with optimized data acquisition electronics. However, an average
intrinsic spatial resolution of ~1.27±0.17 mm was obtained for both
slotted layers, which is comparable to the result previously reported for
a single layer non-multiplexed detector system.

9,-,9,5*,:-<5+05.:6<9*,
Abstract submitted for coming IEEE 2006 Nuclear Science and medical
imaging conference, San Diego.
This work was supported in part by grants R21 EB003283 and R21 CA098691
from NIM.

)PVS\TPULZJLU[8\HU[\T+V[*VUQ\NH[LZMVY0THNPUNPU3P]PUN:\IQLJ[Z
4052@<5.:6*/,510,?<(5+9,(:36,505.:(510=:.(4)/0910(5./65.9(6+,7(9;4,5;6-9(+0636.@
5HVXOWV7KHHI¿FLHQFLHVGHWHUPLQHGE\WKHUDWLRRIWKHLQWHJUDWHG
BRET emission to the Luc8 emission, were 70 ~ 230% for the Luc8
conjugated QDs (QD605-Luc8, QD655-Luc8, QD705-Luc8, QD800Luc8). The BRET emission from each conjugate could be selectively
distinguished from the emissions of other conjugates. The three kinds of
QD-conjugates injected into a mouse gave BRET emissions, and each
%5(7HPLVVLRQZDVGLVWLQJXLVKHGZLWKDSSURSULDWH¿OWHUV$FFRUGLQJWR
the animal data, the long wavelength BRET emissions were more easily
detected, especially in deep tissues.
Conclusion: These unique features of BRET based QD probes
should open many new avenues for QD-based multiplexed imaging of
living subjects, especially for imaging biological events at deep tissues
in small animals.

Introduction: Quantum dots (QDs) have generated wide interest
because of their potential use in imaging of live biological samples. All
existing QDs, however, require excitation from external illumination
sources. We developed a new set of QDs that emit long wavelength
(from red to infrared wavelength) light without external illumination,
WKXVHOLPLQDWLQJSKRWREOHDFKLQJDQGKLJKÀXRUHVFHQWEDFNJURXQG
Methods: We coupled QDs that can emit a bioluminescent signal between 605 and 800nm to a mutant of the bioluminescent protein
Renilla luciferase (Rluc8) which produces light in the presence of substrate coelenterazine. This method is based on the principle of bioluminescence resonance energy transfer (BRET), which is an energy transfer phenomenon between Rluc8 as the donor and QDs as the acceptor.
We examined the possibility of multiplex bioluminescence imaging in
vitro and in the living mouse.
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Results: In vitro analysis revealed that although spliced products
as seen from the RT-PCR were visible as early as 24hrs after transfection, detectable differences in splicing-dependant luciferase activity
were seen only at 48hrs, with the peak at 72hrs. The animal experiments
substantiated the in vitro data. A 9.5±1.9 fold difference was observed
between tumors with and without the p53 mRNA 24hrs following the
tumor implant (72hrs after transfection).
&RQFOXVLRQ:HKDYHVKRZQKHUHWKH¿UVWH[DPSOHRILPDJLQJULbozyme-mediated trans-splicing activity in living animals. This splicing-dependant reporter assay offers exciting opportunity to directly
LPDJH HQGRJHQRXV P51$V HVSHFLDOO\ RYHUH[SUHVVHG WXPRUVSHFL¿F
mRNAs in living subjects.

Introduction: Group I introns of the ciliated protozoan, Tetraymena
thermophila, constitute a class of catalytic RNA molecules or ribozymes, capable of catalyzing cis and trans-splicing reactions. We report
here the use of the trans-splicing form of the Tetrahymena ribozyme in
imaging the mRNA expression of the p53 gene in living mice.
Methods: Plasmid constructs were designed with a 200nt p53-targeting sequence, the group I intron of the Tetrahymena ribozyme and
WKHFRPSOHWH25)RIWKH¿UHÀ\OXFLIHUDVHUHSRUWHU&26FHOOVZHUH
transfected with plasmid constructs expressing the p53 mRNAs, and the
ribozyme-luciferase reporter and cell lysates prepared for RNA analysis
by RT-PCR and luciferase activity assay in vitro. For the animal imaging study, 3x106 COS-7 cells transiently transfected with the same
plasmids were subcutaneously injected into nude mice (n=6) 48hrs after
transfection. The mice were imaged every day in a CCD camera after
D-Luciferin injections.

(5V]LS;OPVS9LHJ[P]L-3HILSPUN(NLU[
>,0)6*(0?0(5A/65.A/(5.@<5><?0(6@<(5*/,5+,7(9;4,5;6-9(+0636.@
Objective: The objective of the present work was to develop a novel thiol-reactive prosthetic group for 18F-labeling of
peptides and proteins via selective conjugation with a sulfhydryl group.
Methods: A sulfhydryl group was
introduced to monomeric and dimeric
Arginine-Glycine-Aspartic acid (RGD)
SHSWLGHV F 5*'\. DQG(>F 5*'\. @
ERWK SRWHQW LQWHJULQ Y  DQWDJRnists) via N-succinimidyl S-acetylthioacetate (SATA) followed by deprotecWLRQ
1> DPLQRHWK\O PDOHLPLGH@
>)@ÀXRUREHQ]DPLGH >)@$0)% ZDV
synthesized by coupling N-succinimiG\O >)@ÀXRUREHQ]RDWH >)@6)% 
with
N-(2-aminoethyl)-maleimide.
>)@$0)%ZDVWKHQUHDFWHGZLWKWKHWKLRODWHG5*'SHSWLGHVWR\LHOG
>)@$0)%65*' 5*'PRQRPHU DQG>)@$0)%65*' 5*'
dimer). These two tracers were subjected to receptor binding assay, in
vivo metabolic stability assessment, biodistribution and microPET imaging studies in murine xenograft models.
5HVXOWV >)@$0)% ZDV V\QWKHVL]HG LQ    PLQ VWDUWLQJ
IURP>)@)ZLWKGHFD\FRUUHFWHGUDGLRFKHPLFDO\LHOGRI
DQGVSHFL¿FDFWLYLW\RIa7%TPPRO7KHDGYDQWDJHRIODEHOLQJ
WKHVXOIK\GU\OJURXSXVLQJ>)@$)0%RYHUODEHOLQJWKHSULPDU\DPLQRJURXSZLWK>)@6)%ZDVFRQ¿UPHGDVFRQMXJDWLRQRIPRQRPHULF
DQGGLPHULFVXOIK\GU\O5*'SHSWLGHVZLWK>)@$0)%ZDVDFKLHYHG
LQKLJK\LHOGV QRQGHFD\FRUUHFWHGEDVHGRQ>)@$0)% 
Non-invasive microPET imaging and direct tissue sampling experiPHQWVGHPRQVWUDWHGWKDWERWKWUDFHUVKDGLQWHJULQVSHFL¿FWXPRUXSWDNH
in subcutaneous U87MG glioma and orthotopic MDA-MB-435 breast
cancer xenografts. For the monomeric tracer, U87MG and MDA-MB435 tumor uptake were 1.27 ± 0.50 and 1.04 ± 0.28 at 60 min post-injection while for the dimeric tracer, the uptakes in the U87MG and MDA-

0% WXPRU ZHUH VLJQL¿FDQWO\
higher at 2.14 ± 0.33, 2.11 ± 0.48,
respectively. Different in vivo kinetics of the two tracers was attributed
WRWKHLUGLIIHUHQFHVLQLQWHJULQDI¿QLW\
and lipophilicity.
Conclusion: The relatively
good metabolic stability and favorable pharmacokinetics of the dimeric RGD peptide-based tracer
>)@$0)%65*'ZDUUDQWIXUWKHU
investigation in both preclinical and
clinical settings for documenting tuPRULQWHJULQH[SUHVVLRQ>)@$)0%
also provides a general method of labeling thiol-containing peptides, proteins, antibodies, as well as 5’-thiofunctionalized oligonucleotides in high radiochemical yield and high
VSHFL¿FDFWLYLW\IRUVXFFHVVIXO3(7DSSOLFDWLRQV

9,-,9,5*,:-<5+05.:6<9*,
This work was supported, in part, by National Institute of Biomedical Imaging
and Bioengineering (NIBIB) Grant R21 EB001785, DOD BCRP IDEA Award
W81XWH-04-1-0697, DOD Ovarian Cancer Research Program (OCRP)
Award OC050120, DOD Prostate Cancer Research Program (PCRP) New
Investigator Award (NIA) DAMD1717-03-1-0143, National Cancer Institute
(NCI) Small Animal Imaging Resource Program (SAIRP) grant R24 CA93862,
NCI R21 CA102123, NCI In Vivo Cellular Molecular Imaging Center (ICMIC)
grant P50 CA114747, NCI Centers of Cancer Nanotechnology Excellence
(CCNE) U54 Grant 1U54CA119367-01, and a Benedict Cassen Postdoctoral
Fellowship from the Education and Research Foundation of the Society of
Nuclear Medicine (to W.C.). In addition, support was provided by NCI grants
P01 CA43904 and the UCLA Center for In Vivo Imaging in Cancer Biology
(P50 CA86306). A.M.W. is a member of the UCLA Jonsson Comprehensive
Cancer Center (NCI CA16042). Dr. David Dick is acknowledged for 18F-Fproduction and Dr. Frederick T. Chin is acknowledged for synthetic module
PRGL¿FDWLRQ
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2
4,+044<5,05*.(0;/,9:)<9.4(9@3(5+
tion) was likely attributed to passive targeting based upon enhanced
permeability and retention effect of the tumor, as evidenced by declined
tumor uptake after 25h post-injection. The success of integrin AvB3
VSHFL¿F WXPRU LPDJLQJ XVLQJ &X'27$$EHJULQ PD\ EH WUDQVlated into the clinic to characterize the pharmacokinetics, tumor targetLQJHI¿FDF\GRVHRSWLPL]DWLRQDQGGRVHLQWHUYDORI$EHJULQDQGRU
Abegrin™ conjugates. Chemotherapeutics or radiotherapeutics using
Abegrin™ as the delivering vehicle may also be effective in treating
integrin AvB3-positive tumors.

Abegrin™ (MEDI-522, or Vitaxin¡), a humanized monoclonal
antibody (mAb) against human integrin AvB3, is in clinical trials for
cancer therapy. In vivo imaging using Abegrin™-based probes is needed for better treatment monitoring and dose optimization. In this study
we conjugated Abegrin™ with macrocyclic chelating agent DOTA at
¿YH GLIIHUHQW '27$$EHJULQ UDWLRV 7KH FRQMXJDWHV ZHUH ODEHOHG
with 64Cu (t1/2 = 12.7 h) and tested in three human (U87MG, MDAMB-435, and PC-3) and one mouse (GL-26) tumor models. The in vitro
and in vivo effects of these 64Cu-DOTA-Abegrin™ conjugates were
evaluated. The number of DOTA per Abegrin™ varied from 1.65 ± 0.32
to 38.53 ± 5.71 and the radiolabeling yield varied from 5.20 ± 3.16 to
88.12 ± 6.98 % (based on 2 mCi 64Cu per 50 µg DOTA-Abegrin™ conMXJDWH 1RVLJQL¿FDQWGLIIHUHQFHLQUDGLRLPPXQRUHDFWLYLW\ZDVIRXQG
among these conjugates (between 59.78 ± 1.33 % and 71.13 ± 2.58 %).
MicroPET studies revealed that 64Cu-DOTA-Abegrin™ (1000:1) had
the highest tumor activity accumulation (49.41 ± 4.54 %ID/g at 71 h
SRVWLQMHFWLRQ IRU 80* WXPRU  7KH UHFHSWRU VSHFL¿FLW\ RI &X
'27$$EHJULQZDVFRQ¿UPHGE\HIIHFWLYHEORFNLQJRI0'$0%
435 tumor uptake with co-administration of non-radioactive Abegrin™.
64Cu-DOTA-IgG (isotype control) exhibited background level tumor
uptake at all time points examined. Appreciable uptake at early time
points in GL-26 mouse glioma (10.07 ± 2.43 %ID/g at 25h post-injec-

9,-,9,5*,:-<5+05.:6<9*,
MedImmune, Inc., National Institute of Biomedical Imaging and
Bioengineering (NIBIB) Grant R21 EB001785, National Cancer Institute (NCI)
R21 CA102123, NCI In Vivo Cellular Molecular Imaging Center (ICMIC)
grant P50 CA114747, NCI Small Animal Imaging Resource Program (SAIRP)
grant R24 CA93862, NCI Centers of Cancer Nanotechnology Excellence
(CCNE) U54 Grant 1U54CA119367-01, Department of Defense (DOD)
Breast Cancer Research Program (BCRP) IDEA Award W81XWH-04-1-0697,
DOD Ovarian Cancer Research Program (OCRP) Award OC050120, DOD
Prostate Cancer Research Program (PCRP) New Investigator Award (NIA)
DAMD1717-03-1-0143, and a Benedict Cassen Postdoctoral Fellowship from
the Education and Research Foundation of the Society of Nuclear Medicine (to
W.C.). .

7VZP[YVU,TPZZPVU;VTVNYHWO`0THNPUNVM*VSVYLJ[HS*HUJLY
<ZPUN-SHILSLK(U[P*,(+PHIVK`;
>,0)6*(01;6=,63(-:,52?0(5A/65./(5.1(55(4><2?0(6@<(5*/,51
463,*<3(904(.05.796.9(4(;:;(5-69+407:(5+)06?796.9(4+,7(9;4,5;6-9(+0636.@:;(5-69+<50=,9:0;@
2
*9<4705:;0;<;,-69463,*<3(904(.05.+,7(9;4,5;6-463,*<3(9(5+4,+0*(37/(94(*636.@
+(=0+.,--,5:*/6636-4,+0*05,(;<*3(36:(5.,3,:

1

In this study we investigated the 18F-labeled anti-carcinoembryonic antigen (CEA) T84.66 diabody, a genetically engineered non-covalent dimer of scFv, for microPET imaging of CEA expression in xenograft-bearing mice.
Methods: 18F-labeling of the anti-CEA T84.66 diabody (molecXODU ZHLJKW  N'D  ZDV DFKLHYHG YLD 1VXFFLQLPLG\O)ÀXRURbenzoate (18F-SFB). Biodistribution of 18F-FB-T84.66 diabody was
evaluated in athymic nude mice bearing subcutaneous LS 174T human
colon carcinoma and C6 rat glioma tumors. Serial microPET imaging studies were carried out to further evaluate in vivo targeting and
pharmacokinetics.
Results: Radiolabeling required 35 ± 5 min starting from 18F-SFB
DQG WKH WUDFHU ))%7 GLDERG\ ZDV V\QWKHVL]HG ZLWK VSHFL¿F
activity of 1.83 ± 1.71 TBq/mmol. The decay-corrected radiochemical
yield was 1.40 ± 0.16 % (n = 4) and the radiochemical purity was > 98%.
Radioimmunoreactivity was 57.1 ± 2.0 %. 18F-FB-T84.66 diabody
showed rapid and high tumor uptake with fast clearance from the circulation in the LS 174T xenograft model as evidenced by both microPET
imaging and biodistribution studies. High-contrast microPET images
were obtained as early as 1h post-injection of 18F-FB-T84.66 diabody
and only background level of activity accumulation was found in CEAnegative C6 tumor. The tracer exhibited predominantly renal clearance,



with some activity in the liver and spleen at early time points.
Conclusion: 18F-labeled diabody represents a new class of tumorVSHFL¿FSUREHVIRU3(7LPDJLQJEDVHGRQWDUJHWLQJFHOOVXUIDFHDQWLJHQ
expression. 18F-FB-T84.66 diabody can be used for high contrast microPET imaging of CEA-positive tumor xenografts. It may be translated into the clinic for PET imaging of CEA-positive malignancies

9,-,9,5*,:-<5+05.:6<9*,
This work was supported, in part, by National Institute of Biomedical Imaging
and Bioengineering (NIBIB) Grant R21 EB001785, DOD BCRP IDEA Award
W81XWH-04-1-0697, DOD Ovarian Cancer Research Program (OCRP)
Award OC050120, DOD Prostate Cancer Research Program (PCRP) New
Investigator Award (NIA) DAMD1717-03-1-0143, National Cancer Institute
(NCI) Small Animal Imaging Resource Program (SAIRP) grant R24 CA93862,
NCI R21 CA102123, NCI In Vivo Cellular Molecular Imaging Center (ICMIC)
grant P50 CA114747, NCI Centers of Cancer Nanotechnology Excellence
(CCNE) U54 Grant 1U54CA119367-01, and a Benedict Cassen Postdoctoral
Fellowship from the Education and Research Foundation of the Society of
Nuclear Medicine (to W.C.). In addition, support was provided by NCI grants
P01 CA43904 and the UCLA Center for In Vivo Imaging in Cancer Biology
(P50 CA86306). A.M.W. is a member of the UCLA Jonsson Comprehensive
Cancer Center (NCI CA16042). Dr. David Dick is acknowledged for 18F-Fproduction and Dr. Frederick T. Chin is acknowledged for synthetic module
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Peer-Reviewed Presentations at Scientific Meetings
ISMRM 2006
14 Scientific Meeting
Seattle, WA, May 2006
th

Askoy M., C. Liu, M. E. Moseley, R. Bammer. A Self-navigated Spiral In & Out Pulse Sequence Design for Retrospective
Motion Correction
Bammer R., C. Liu, M. Aksoy. Improving Rigid Head
Motion Correction Using Parallel Imaging.
Bammer R., E. Rubesova, A. White, S. T. Skare, P.
Beatty, A. Brau. Improving Image Quality in Fetal MRI using
Autocalibrating Reconstruction for Cartesian (ARC) Sampling.
Bammer R., M. Markl. Spectrally Sensitive Imaging Using
Balanced Steady State Free Precession.
Brau A.C., P. J. Beatty, S. Skare, R. Bammer.
Efficient Computation of Autocalibrating Parallel Imaging
Reconstructions.
Clayton D.B., S. Skare, R. Newbould, R. Bammer. SENSE
and GRAPPA Reconstruction of Multi-Shot Multi-Echo EPI
Data.
Conolly S.M., B.A. Hargreaves, A. Chen, L. Li. A Pyrolytic
Graphite Foam for Magnetic Susceptibility Matching to Human
Tissue. p. 1378.
Cukur T., N.K. Bangerter, J. DiCarlo, B.A. Hargreaves,
D.G. Nishimura. Flow-Independent Hand Angiography with 3D
Balanced SSFP Imaging. p. 1967.
Draper C., T.. Besier, G. Beaupre, S. Delp, G. Gold. Males
have Thicker Patellofemoral Joint Cartilage than Females. p.
1236.
Ennis D.B., G. Kindlmann, M. Mogensen, T. Vertinksy, S. W.
Atlas, R. Bammer. Application of Novel Directionally Encoded
Colormaps for Isolating Linear Anisotropic Structures in Human
Brain Diffusion Tensor Magnetic Resonance Imaging.
Ennis D.B., L. Wigström, T. Nguyen, S. Skare, R.
Bammer, N. Ingels, D.C. Miller. Structural Basis for Regional
Heterogeneity of Left Ventricular Function.
Ennis D.B., M.T. Alley, A. Pineda, B.A. Hargreaves, N.J.
Pelc. Time Constant Sensitivity of Eddy Current Characterizing
Pulse Sequence. 3544.
Gard C., A. Faranesh, G. Gold, T. Grist, S. Reeder.
Sensitivity of Off-Resonance Susceptibility Separation with
Superparamagnetic Iron Oxide. p. 1816.
Gold G.E., S.B. Reeder, H. Yu, J. H. Brittain, B.A.
Hargreaves. Multi-Echo IDEAL Water-Fat Separation for Rapid
Imaging of Cartilage. p. 632.
Gold G. E., E. Han, B. A. Hargreaves, G. A. Wright , J. H.
Brittain. T1ρ Imaging of Articular Cartilage using a CPMG Pulse
Train for Spin Locking. p. 3603.
Gurney P.T., B.A. Hargreaves, D.G. Nishimura. Three
Dimensional Time Resolved Whole Heart Coronary Angiography
using a 3D Cones Trajectory. p. 2156.
Hargreaves B.A., S.B. Reeder, H. Yu, A. Shimakawa, J.H.
Brittain. Flow Independent Angiography at 3.0T with DualAcquisition Balanced SSFP and Multi-Echo IDEAL. p. 1940.
Jochimsen T.H., R. Newbould, S. Skare, D. B. Clayton, M. E.
Moseley, R. Bammer,. High Resolution Dynamic-Susceptibility

Contrast Perfusion Imaging Using Multi-Echo Parallel EPI.
Kim T., G. Gold, J. Pauly. Isotropic Steady-State Diffusion
Weighted Imaging. p. 1051.
Lee J., C. H. Cunningham, B. A. Hargreaves, L. Vidarsson,
J. M. Pauly, B. L. Daniel. High Resolution Bilateral Dynamic
Contrast Enhancement Breast Imaging. p. 2871.
Lee J., P. T. Gurney, R. Dharmakumar, G.A. Wright,
B.A. Hargreaves, A. Shankaranarayanan, K.L. Miller, D.G.
Nishimura, J.M.Pauly. Blood Oxygenation (BOX) Level
Dependent Functional Brain Imaging using Steady-State Free
Precession. p. 3291.
Lee H., G. Gold, K. Nayak. High-Resolution Cartilage
Imaging with Wideband SSFP. p. 207.
Liu C., R. Bammer, M. E. Moseley. Improved HighResolution SNAILS DTI with A Spiral-in Navigator.
Liu C., R. Bammer, M. E. Moseley. Optimizing Phase
Correction for Multi-Shot DWI with Conjugate Gradient Method
and Oversampling.
Lu W. and B.A. Hargreaves. Analysis and Suppression of
Off-Slice Excitation in SSFP Imaging. p. 2374.
Nagle S.K, D. B. Clayton, M. G. Lansberg, G. W. Albers,
R. Bammer. Differentiating Perihemorrhagic Infarct from
Susceptibility Artifact on DWI Images.
Nagle S.K., D. B. Clayton, M. G. Lansberg, G. W. Albers, R.
Bammer. Assessment of Image Quality in a Prospective Clinical
Trial of Conventional vs. SENSE DWI at 1.5T.
Newbould R., S. Skare, D. B. Clayton, M. T. Alley, G.
Albers, M. Lansberg, R. Bammer. PERMEATE: High temporal
resolution multi-echo/multi-slice dynamic susceptibility contrast perfusion imaging using GRAPPA EPI.
Newbould R., C. Liu, S. Ropele, R. Bammer. WIMP:
Self-Navigating Magnetization Transfer Pool Mapping with
Stimulated Echoes.
Newbould R., C. Liu, S. Ropele, R. Bammer. Quantitative
Magnetization Transfer Bound Pool Mapping at 3T.
Newbould R., C. Liu, R. Bammer. Colored Noise and
Effective Resolution: Data considerations for non-uniform kspace sampling reconstructions.
Pauly K., G. Gold. Correction of Slice Profile Distortion
from Metallic Devices., p. 2380.
Pineda A.R., C. D. Lew, R. Bammer. Cramér-Rao Bound
for Phase in SENSE Imaging.
Pisani L.J., R. Bammer, G. H. Glover. Reduced Field of
View Imaging for Fetal fMRI (f-fMRI).
Rakow-Penner R., G. Gold, B. Daniel, J. Rosenberg, S.
Mazin, J. Pauly, G. Glover. Rapid 3D Articular Cartilage Imaging
with Reduction of Truncation Artifacts. p. 3608.
Reeder S.B., A. Vu, B.A. Hargreaves, A. Shimakawa, O.
Wieben, C.A. McKenzie, J.A. Polzin, J.H. Brittain. Breathheld Abdominal Imaging with Multi-Echo IDEAL Water-Fat
Separation. p. 2444.
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Reeder S., A. Faranesh, I. Chen, C. Gard, S. Gambhir, O.
Wieben, G. Gold. Off-resonance separation for Positive Contrast
Imaging of Iron-Oxide Labelled Cells. p. 430.
Siepmann D., J. McGovern, G. Gold, J. Brittain, S. Reeder.
High-Resolution 3D Cartilage Imaging of the Knee in Five
Minutes Using IDEAL-SPGR and Parallel Imaging. p. 1251.
Skare S., R. Newbould, D. B. Clayton, R. Bammer. The
Influence of Ghost Correction Accuracy on the Image Quality of
GRAPPA Accelerated EPI.
Skare S., D. B. Clayton, R. Newbould, R. Bammer. A new
propeller EPI design using short axis readouts.
Skare S., R. Newbould, D. B. Clayton, R. Bammer. Diffusion
imaging using MinD SAP-EPI.
Skare S., D. B. Clayton, R. Newbould, M.E. Moseley, R.
Bammer. A fast and robust minimum entropy based non-interactive Nyquist ghost correction algorithm.
Skare S., T.-Q. Li, D. B. Clayton, R. Newbould, R. Bammer.
Diffusion weighted EPI vs. MinD SAP-EPI at 7T.

Stevens K., K. L. Griffiths, S. Bammer, T. Alamin, R.
Bammer. High resolution MR imaging of paraspinal muscle injury following minimally invasive and conventional posterolateral lumbar fusion.
Ungersma S., N. Matter, R. Venook, A. Macovski, G.
Scott, G. Gold, S. Conolly. Contrast-Enhanced MRI with Fat
Suppression Using T1 Dispersion. p. 1696.
Venook R., N. Matter, M. Ramachandran, S. ungersma, G.
Gold, N. Giori, A. Macovski, S. Conolly. Prepolarized MRI:
Reducing Susceptibility Artifacts Around Metal Orthopedic
Implants Without Sacrificing Image Quality. p. 1701.
Vidarsson L., C. Cunningham, P. Larson, G. Gold, J. Pauly.
Design of T2 Selective Excitation Pulse Trains for Knee Imaging.
p. 594.
Wigstrom L, Hope T, Draney MT, Heiberg E, Bolger A,
Alley MT, Pelc NJ, Miller DC, Herfkens RJ. Segmentation and
characterization of vortical flow patterns in MRI phase-contrast
velocity data.

Acar B., Balci SK, Paik DS, Beaulieu CF, Napel S,
“Registration of Supine and Prone CT Colonography Data Using
Dynamic Time eWarping: Method and Evaluation,”
Acar B., Konukoglu E, Paik DS, Beaulieu CF, Napel S,
“Polyp Enhancement Scheme for Improved Detection of Colonic
Polyps in CT Colonography,” Radiology 237(P):440.
Desser T., G. Gold, A. Alvarez, B. Tobin. Software Tools
for Interactive Instruction in Radiologic Anatomy
Gold G., S. Fuller, A. Shimakawa, H. Yu, J. Johnson, C.
Beaulieu, S. Reeder. MR Imaging of the Ankle: Comparison of
FS-FSE with IDEAL-FSE., p. 311.
Lee S., D. Leaffer, J. Greve, L. Lollini, A. Manning, G. Gold,
S. Biswal. Early Histologic Changes seen in a Murine Model of
Rheumatoid Arthritis Can be detected with Micro-Computed
Tomography and Micro-MRI. p. 223.
Reeder S.B., B.A. Hargreaves, J.W. Johnson, J.H. Brittain
and G.E. Gold. Water-Fat Separation with IDEAL-GRE and
IDEAL-SPGR: Comparison to FS-SPGR for Cartilage Imaging
in the Knee at 3.0T. 91st
Shi R., Schraedley-Desmond P, Napel S, Margolis DJ, Yee
J, Beaulieu CF, et al., “Computer Aided Polyp Detection in CT
Colonograhy: Influence of 3D Viewing and Features of Polyp
Candidates on Interpretation,” Radiology 237(P):336.
Sundaram P., Sifakis E, Paik DS, Beaulieu CF, Napel S,
“Fold Removal in CT Colonography (CTC): A Physics-based
Approach,” Radiology 237(P)439.
Yeluri V, Herfkens R, Lau D, Sommer G. Interpreting large
volumetric and multimodality data sets in an integrated 3DPACS environment.

Bammer R., R. Newbould, S. Skare, D. B. Clayton, M.
T. Alley, G. Albers. PERMEATE: High Temporal Resolution
Multiecho/Multislice Dynamic Susceptibility Contrast Perfusion
Imaging Using GRAPPA EPI. 44th Annual Meeting ASNR,
2006, San Diego, CA.
Bammer R., M. Mlynash, W. Kakuda, M. Lansberg, V. Thijs,
G. Albers. Inter-slice Acquisition Delay and Patient Motion
can Affect the Effective Volume of Perfusion Deficit Observed
with Quantitative Perfusion MR Imaging. 44th Annual Meeting
ASNR, 2006, San Diego, CA.
Bammer R., M.G. Lansberg, V. Thijs, M.E. Moseley, G.
Albers. Significant Artifact Reduction in Arterial Input Function
Measurements of Quantitative Perfusion Imaging Using DualEcho Spiral-OUT-Spiral-IN Parallel MRI. AHA Stroke 2005, St.
Louis, Missouri, 2005.
Besier T., G. Gold, C. Draper, S. Delp, G. Beaupre. A modeling framework to estimate patellofemoral joint cartilage stress
in vivo. Proceedings of the Biomedical Engineering Society,
September 2005, p. 35.
Besier T., G. Gold, S. Delp, G. Beaupre. Patellofemoral
Cartilage Stress in Increased by Femoral Internal Rotation.
Proceedings of the Orthopedic Research Society, March, 2006.
Draper C., A. Fiene, T. Besier, G. Gold, G. Beaupre, S.
Delp. Is Patellar Cartilage Thickness Reduced in Individuals
with patellofemoral Pain? Proceedings of the 29th American
Society of Biomechanics, August, 2005.
Epstein N., T. Besier, J. Santos, T. McAdams, S. Delp. G.
Gold. Real-time MR analysis of glenohumeral stability during
overhead throwing. Proceedings of the Orthopedic Research
Society, March, 2006.
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Epstein N., T. Besier, C. Draper, M. Fredericson, G. Beaupre,
S. Delp, G. Gold. MRI analysis of patellar and femoral rotation
during upright weight bearing. Proceedings of the American
Roentgen Ray Society, May 2006, p. 33.
Gold G., T. Besier, C. Draper, J. Santos, M. Fredericson, K.
Butts Pauly, G. Beaupre, S. Delp. Patellofemoral Pain: Analysis
with Upright Real-Time MRI and 3D Finite Element Modeling.
Proceedings of the Society of Computed Body Tomography and
Magnetic Resonance, April 2006.
Holzbaur K., W. Murray, G. Gold, S. Delp. Scaling of
Muscle Volumes in the Upper Extremity. Proceedings of the 29th
American Society of Biomechanics, August, 2005.
Hsia A.W., M. Mlynash, R. Bammer, C.A.C. Wijman.
$EVROXWH %UDLQ $SSDUHQW 'LIIXVLRQ &RHI¿FLHQW 9DOXHV DQG
Neurologic Outcome After Cardiac Arrest, Proc. Annual Meeting
of the Am Acad of Neurology 2005.
Konukoglu E., Acar B, Paik DS, Beaulieu CF, Napel
S. “Heat Diffusion Based Detection of Colonic Polyps in CT
Colonography,” 13th Annual European Signal Processing
Conference, Antalya, Turkey, Sept. 4-8, 2005. Awarded 3rd Place,
Student Paper Contest.
Koo S., N. Giori, C. Dyrby, G. Gold, T. Andriacchi. 3D
Laser Scan-Based Accuracy of In-Vivo Cartilage Thickness
Measurement from MRI. Proceedings of the 29th American
Society of Biomechanics, August, 2005.
Lansberg M.G., V. Thijs, R. Bammer, L. Wechsler, M.
O’Donnell, R.A. Ohlsen, C.A.C. Wijman, S. Kemp, G. Albers.
:KRLVPRVWOLNHO\WREHQH¿WIURPW3$"7KH3HUIXVLRQ'LIIXVLRQ
and Clinical-Diffusion mismatch models disagree. AHA Stroke
2005, St. Louis, Missouri, 2005.
Lansberg M., V. Thijs, W. Kakuda, R. Bammer, L. Wechsel,
S. Kemp, G. Albers. Baseline Predictors of Good Outcome in
Patients Treated with IV tPA in the 3-6 Hour Time-Window.
58th Annual Meeting American Society of Neurology, 2006, San
Diego, CA.
Nagle S. K., D. B. Clayton, M. G. Lansberg, G. W. Albers,
R. Bammer. Differentiating Perihemorrhagic Infarct from
Susceptibility Artifact on DWI Images. 44th Annual Meeting
ASNR, 2006, San Diego, CA.
3IHIIHUEDXP $ 5RKO¿QJ 7 'HVKPXNK $ 6XOOLYDQ (9
Ventricular enlargement in HIV infection: The role of alcoholism comorbidity (abs). Abstract submitted for presentation
at 29th $QQXDO 6FLHQWL¿F 0HHWLQJ RI WKH 5HVHDUFK 6RFLHW\ RQ
Alcoholism, Baltimore, MD, June 24-28, 2006.
Quon, A, Margoliss DJ, Napel S, Beaulieu CF, Gambhir
S. Novel 3D rendered FDG PET-CT virtual bronchoscopy and
colonography for improved lesion localization and pre-surgical
evaluation. Society of Nuclear Medicine 52nd Annual Meeting,
June, 2005, Toronto, Ontario, Canada.
Reeder S., A. Faranesh, I. Chen, C. Gard, G. Gold, T. Grist.
Positive Contrast MR Imaging of Iron-oxide Labeled Cells
by Off-Resonance Separation. Proceedings of the Society of
Computed Body Tomography and Magnetic Resonance, April
2006.

Smith C.A., G.T. Stebbins, R.E. Bartt, H. Kessler, E. Martin,
R. Bammer, M.E. Moseley. Gray and White Matter Reductions
Associated with HIV-infection: A Voxel-based Morphometric
Study. Annual Meeting of the Am Acad of Neurology 2005,
Miami, FL.
6WHYHQV..*ULI¿WKV**ROG7$ODPLQ5%DPPHU
High-Resolution MR Imaging of Paraspinal Muscle Injury following Minimally Invasive and Conventional Open Posterolateral
Lumbar Fusion. Proceedings of the 12th European Society of
Musculoskeletal Radiology, July 2005.
Sullivan EV, Rosenbloom MJ, Adalsteinsson E, Kemper
CA, Pfefferbaum A. Effect of alcoholism and HIV comorbidity on the macrostructure and microstructure of the corpus callosum (abs). Abstract submitted for presentation at 29th Annual
6FLHQWL¿F 0HHWLQJ RI WKH 5HVHDUFK 6RFLHW\ RQ $OFRKROLVP
Baltimore, MD, June 24-28, 2006.
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Liu C, Moseley ME, Bammer R. Simultaneous phase correction and
SENSE reconstruction for navigated multi-shot DWI with non-cartesian
k-space sampling. Magn Reson Med. 2005 Dec;54(6):1412-22.

Galvan A, Hare TA, Parra CE, Penn J, Voss H, Glover G, Casey BJ.
(DUOLHU GHYHORSPHQW RI WKH DFFXPEHQV UHODWLYH WR RUELWRIURQWDO FRUWH[
might underlie risk-taking behavior in adolescents. J Neurosci. 2006 Jun
21;26(25):6885-92.

Gold GE, Hargreaves BA, Stevens KJ, Beaulieu CF. Advanced magnetic resonance imaging of articular cartilage. Orthop Clin North Am.
2006 Jul;37(3):331-47.

Galvan A, Hare TA, Davidson M, Spicer J, Glover G, Casey BJ. The
role of ventral frontostriatal circuitry in reward-based learning in humans. J Neurosci. 2005 Sep 21;25(38):8650-6.

Shi R, Schraedley-Desmond P, Napel S, Olcott EW, Jeffrey RB Jr, Yee
J, Zalis ME, Margolis D, Paik DS, Sherbondy AJ, Sundaram P, Beaulieu
&)&7FRORQRJUDSK\LQÀXHQFHRI'YLHZLQJDQGSRO\SFDQGLGDWHIHDtures on interpretation with computer-aided detection. Radiology. 2006
Jun;239(3):768-76.

Gallelli KA, Wagner CM, Karchemskiy A, Howe M, Spielman D, Reiss
A, ChangKD. N-acetylaspartate levels in bipolar offspring with and at
high-risk for bipolar disorder.Bipolar Disord. 2005 Dec;7(6):589-97.
Cai W, Zhang X, Wu Y, Chen X. A thiol-reactive 18F-labeling agent,N> )ÀXRUREHQ]DPLGR HWK\O@PDOHLPLGH DQG V\QWKHVLV RI 5*'
SHSWLGHEDVHGWUDFHUIRU3(7LPDJLQJRIDOSKDYEHWDLQWHJULQH[SUHVsion. J Nucl Med. 2006 Jul;47(7):1172-80.

Gold GE, Hargreaves BA, Vasanawala SS, Webb JD, Shimakawa AS,
Brittain JH, Beaulieu CF. Articular cartilage of the knee: evaluation with
ÀXFWXDWLQJHTXLOLEULXP05LPDJLQJLQLWLDOH[SHULHQFHLQKHDOWK\YROXQteers. Radiology. 2006 Feb;238(2):712-8.

:X<&DL:&KHQ;1HDULQIUDUHGÀXRUHVFHQFHLPDJLQJRIWXPRULQWHJULQDOSKDYEHWDH[SUHVVLRQZLWK&\ODEHOHG5*'PXOWLPHUV0RO
Imaging Biol. 2006 Jul-Aug;8(4):226-36.

1D-%%HUJPDQ$*2ORII/0%HDXOLHX&)7KHÀH[RUKDOOXFLVORQJXVWHQRJUDSKLFWHFKQLTXHDQGFRUUHODWLRQRILPDJLQJ¿QGLQJVZLWKVXUgery in 39 ankles. Radiology. 2005 Sep;236(3):974-82.

Wu Y, Cai W, Chen X. Near-Infrared Fluorescence Imaging of Tumor
,QWHJULQDOSKD Y EHWD  ([SUHVVLRQZLWK&\/DEHOHG5*'0XOWLPHUV
0RO,PDJLQJ%LRO0D\>(SXEDKHDGRISULQW@

Schnabel R, Lubos E, Rupprecht HJ, Espinola-Klein C, Bickel C, Lackner KJ,Cambien F, Tiret L, Munzel T, Blankenberg S. B-type natriuretic
peptide and the risk of cardiovascular events and death inpatients with
stable angina: results from the AtheroGene study.J Am Coll Cardiol.
2006 Feb 7;47(3):552-8. Epub 2006 Jan 18.

Yang YS, Zhang X, Xiong Z, Chen X. Comparative in vitro and in vivo
evaluation of two 64Cu-labeled bombesinanalogs in a mouse model of
human prostate adenocarcinoma. Nucl Med Biol. 2006 Apr;33(3):371(SXE0DU>3XE0HGLQSURFHVV@

Lubos E, Schnabel R, Rupprecht HJ, Bickel C, Messow CM, Prigge S,
Cambien F,Tiret L, Munzel T, Blankenberg S. Prognostic value of tissue inhibitor of metalloproteinase-1 for cardiovascular death among patients with cardiovascular disease: results from the Athero Gene study.
Eur Heart J. 2006 Jan;27(2):150-6. Epub 2005 Oct 17.

Cai W, Shin DW, Chen K, Gheysens O, Cao Q, Wang SX, Gambhir SS,
&KHQ;3HSWLGHODEHOHGQHDULQIUDUHGTXDQWXPGRWVIRULPDJLQJWXPRU
vasculature in living subjects. Nano Lett. 2006 Apr;6(4):669-76.

Min JJ, Ahn Y, Moon S, Kim YS, Park JE, Kim SM, Le UN, Wu JC,
Joo SY, HongMH, Yang DH, Jeong MH, Song CH, Jeong YH, Yoo KY,
Kang KS, Bom HS. In vivo bioluminescence imaging of cord blood derived mesenchymal stem cell transplantation into rat myocardium. Ann
Nucl Med. 2006 Apr;20(3):165-70.

Zhang X, Cai W, Cao F, Schreibmann E, Wu Y, Wu JC, Xing L, Chen
;)ODEHOHGERPEHVLQDQDORJVIRUWDUJHWLQJ*53UHFHSWRUH[SUHVVLQJ
prostate cancer. J Nucl Med. 2006 Mar;47(3):492-501.
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