e o
}
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ventional methads. Finally, thie concomitant use of
the intraoperative navigation system and the three-
way bipolar systém enables comparisod. of the
anatomical location (from MR images} of the lesion
with the results of the functional mapping, accurate
localization of eloguent brain tissve (particularly in
white matter), and reduction of tool exchange time
and surgical labor by reducing the pumber of

‘surgical tools vequired to perform the procedure.

Thé-correlation between resection rale of glioma
and survival rate” suggests this system will improve
outcome. Further studies are needed fo determine
whether use of this systern will result in lower
complication rates and improvements in postopera-
tive function in patients undergoing resection of
glioma and other brain tumors.
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Commentary

Fujite and colleagues describe a clever adaptotion of
the bipolar coagulator such that in addition to ifs con-
ventional functioning as a hemostatic and manipulat-
ing tool it may also serve during as a bipolar stimula-
tor for motor evoked potentials and as a recording
electrode for somatosensory evoked potentials during
functional mapping. They have further demonstrated
that integration of these functions into a single instru-
ment achieves a demonstrable efficiency in the
operating room environment. Given the debris my
bipolars always seem to aqeccumlate, if is not intuitive
that they would function reliably in these more
delicate roles, but the authors have shown that they
not only perform satisfactorily but with respect to
sensitivity perhaps even better.

There may be issues of elecirode stability and
consistency both in the motor and sensory paradigms
with respect to which dedicated electrodes may be
advantageous, particularly if repetitive testing for
purposes of ongoing monitoring is desired. Such
continuous monitoring of corticospinal iract function-
al integrity is being increasingly recognized to be of
value across @ spectrum of tumor and vascular
interventions, and this would be cumbersome at best
using bipolars. It is also doubtful that requiring the
surgeon to hold bipolar electrodes steady and at a
consistent separation for SSEP recording for even an
abbreviated period would be very popular. Neverthe-
less, only further clinical experience will prove

Neurel Med Chir (Tokye) 46, April, 2006

whether this integration of functions into one of the

most commonly used instruments is simply feasible or

indeed a useful development. It is likely that for some

applications such an integrated instrument will be
much appreciated.

David W. RoBgRTs, M.I,

Dartmouth Medical School

Hanover, New Hampshire, U.5.4.

Functional brain mapping, that is stimulation of
motor cortex and cortico-spiral tract (with limb EMG
recordings) or of language areas (in awake patients},
as well as recordings of SSEPs around the ceniral
sulcus, has acquired an extensive role in the past ten
years for improving the accuracy of cerebral surgery.
In a number of centers this has become a full part of
the operating room armamentarium. Through this
work, the Tokyo Women’s Medical Universily team
succeeded in integrating these electrophysiological
techniques to current surgical instrumentafion, name-
ly the bipolar coagulation system.

The experimental studies, and also the preliminary
chnical trials in tumor surgery, have been conducted
rigorously with promising results. No doubt such a
new concept and device will not only save time, but
also, and most importantly, will encourage surgeons
to use intraoperative neurophysiology, routinely, to
improve safety.

Marc P. Sinpov, M.D., D.Sc.
University of Lyon
Lyon, France
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Information-guided Surgery for Glioma Removal

by
Yoshihiro Muragaki, M.D.*?, Takashi Maruyama, M.D.*?,
Ryoichi Nakamura, Ph.D.*!, Hiroshi Isekd, M.D,,*%*2,
Osami Kubo, M.D.*2, Kintomo Takakura, }.D.*?, and Tomokatsu Hori, M.D.*?

Jrom
*IRaculty of Advanced Techno-surgery, Institute of Advanced Biomedical Engineering and Science,
Graduate School of Medicine and ¥ ?Department of Neurosurgery, Neurological Institute,
Tokyo Women's Medical University

The relationship between radical resection of glioma and patient outcomes has been controversial, partly
‘because of selection bias, publication bias, and methodological flaws, particularly in regard to the estimation of the
glioma removal tate. A recent study used volumetric analysis of removal rate to demonstrate that radical removal
resulting in better patient outcomes. However, new removal strategies to maximize removal rate and minimize
complication rates are needed to further improve outcomes. The goal of the present study was to develop an algo-
rithm for “information—guided swrgery”, in which surgeons rely on objective information rather than subjective
experience to determine whether glioma removal is feasible. An operating system (intelligent operating theater)
was developed that detects anatomical, funetional, and histological inforimation obtained by intracperative magnetic
resonance images/navigation, mapping/monitoring data, and data from frozen section, evaluate the validity of the
data, and subsequently integrates the data with update navigation. The present study focused on the benefits and
drawbacks of functional information and introeduces illustrative cases of information—guided surgery.
(Received October 3, 2005 ; accepted November 17, 2005)

Key words ' mapping, monitoring, brain tumor, awake craniotomy
Jpn J Neurosurg (Tokye) 15 : 384-395; 2006

LB NOEMIEL CREE INAHHE - HEESRY 3
Uil 78, SNHEEROBO T -VRENROERE LR

FEBH (glioma) &7 3 ENOENR, OS2 T3, AR, RELBEHTH->THERMBH QR
Wi, @QEEAR (EREEE, EHAERERN, ©@TA»A BHTCHIITERNT E 4 50, EROWELENERR
FEftav bo—l, OREBEERED (cytoreduction) EdEETESICE, B2EHN EOBHMSELE S
ICh&mPHREELTEBETFONS (Fig.1), ZhT BIE, TALARED 2w b E—ILO7DIC T2

VIR R FERRE A A S R BT A A T2 4B/ T 162-8666 HTIEX FIEREY 8-1 (EMSE: FHEER)
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ARBEEINTROY, PTid<2LILERNTH3
#%, cytoreduction & & S EMTHREER, IR
FHEEHRETHD ),

Afic L VB EMMALED L £ bIT, WBEOHIC
Lo THMHBERREL - T 5, MAE, B
(astrocytoma; AC) T%RGHE BRI (anaplastic
astrocytoma: AA) T b, BARERET JHERTH I,
ERACEREBEREE cH 3 L LR TENE &
v, Lipl, AC TEBEBISE, AA THEHARETY &
W BREAHER S EROBE, BRTEEEOHE-
EFEEINEHA RS, HIBEOHENETIAE
21 5, ZREMAER O MRS RET 5 M
L7 R A sy &b bR e T3 2 ol
Bk, H5EREOHMMZTVOEMA AR REE 20
WL 5,

bivbhoExFi:, LREO~@02EKL, @O
SR R OMEEM e “&lE” TH 5. "SR '
MEE SIS, AR, L, RBRN E@IAR
EOMPHE) SME D2 (Fg 1) M, HEE TR
o, BRATCOBEEER FOEEEELTWS,
BAZED D LRI T o Fd U A BRT M
RED “EEH" &, BELNSHERRNRICHZ S
LS BN Bl ok L o fjar — BXIEOHH L B
ANRDEBHE— I RHF L RS SETH 3,

FLOEHEIEE LT, 2o 3 WE0ZBRLA
%ﬁ’&ﬁﬁb%fﬁ*&ﬁﬁ%ﬂ%&ﬁﬁﬁbfwa.m*MRI%’-}‘
Y= a v R EDORTEER NhRLemEENE
ECHBET N COMEERD S OBBNEE, s
Fic X BRFRMBWIP 5-7 2/ L 7Y VB (5-ALA)
W& B B AR & v A BT s b,
ThHERHCEREOB ilfhiEgcHh 5.

TR, MEEROMBT & FROAE & OB
BT B3RO 2 T, SRS F N OEE 2R3,
HTh ey B IPEad ) M PoBIENER 4
HEHETE, w50k, BRXBOBEETSES B
b E BRI EEREOREFECLH D, HNREE
WEEH — AL REEsad, FR2BEELZY
BREOFHMEARE—7 3 1 d i S ERELIRENH
HHHETH B, Lo, SESTEE, | S
fORAE LT~ FIBIEL {, BITsEiic B
Bz Lnibsid, RBHL L TEBRMECELYE
E%h R & EHFHETFRRic 2w Tl 5 . L TR,
SHEIROM PR E R BEOEA L REAERS, ]
B 5D OB A 2 AT S, EFNRAR L
LT, BOBELBEBES (eloquent area) IWFET

Purpose Surgery

—histological diagnosis : biopsy

- only diagnosis

« for decision of adjuvant therapy : partind removal
—mass reduction

+ symptomatic improvement -4 subtotal removal

- treat of life—threatening hernia

. total romoval

— gefzure control surgeon{gross)
— prolongation of survival tirne CT. MRIPET

adjuvant therapy histalogy

Fig.1 Resection planning for glioma surgery

PHEBEMAORECHHI LIGEATE3 L BbNE
ATBBELTWEREEEL,

HERBERLRE PR PAHES DB

1 BEuERPEOLGEEN & THRIEICiEY
S

BB (grade I, V) BT, IKEEFEIRE
W & TR oI I RBDE o, 90 ERORSE
i o fRO S 5, B EWF (prospective study) %
&i: 6 HIAT, BiEEREICN T 5 REN 2R
WO R EFFEE LB L Thsedd, 3 PR CId R
BRBdhhoil ¥R BERRAT T 5 120 %
XTOMN T, 25%0RTCHHENOYRESD,
275%TRRZ L Lol vH oW, Ths, BRO
By (controversy) OEEE LTk, &I ELWES
D bias (YRIEFOBEKNLEIRIC L S selection bias
PRELREELTTIEI BHEE 2P 7 publication
bias) ®, BMIHWPERIPRMCBRL L, £t
HRAEOFEHEREIN TS, predbBEb AT LM
B, BHEOESPHEI OB TH 3, AFEOE
BRRPIUTEROBRG B2 0T 324 FAK, 53—
oy AOHEEWAES V—7T%H 5 EORTC (European
Organization for Research and Treatment of Cancer) TiZ,
“total resection” +% 00% L EHH L EBL TR LS, B
ECOEHHEIZRRE, Albert 501, R—EMART
SHHCE LY 2%, SHEOTR (AN, Wi
CT, 5 MRL (72 BEA) k- THlTL 78
&, =REE (EEMheEAOHA BERLETR
70%, 29%, 7% LAREBL RhoTnkI EERLE.
MAT, ABEOHPENCalH TR LT EMNR
& ZEIAAAT 38 T, MERFEH MRI TAiH L HEFL .
ERTOEFEHEMR B HThok Thbb, HEER
M DTS EIC LT, AL voTb TR
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VREBLLEERLE BEED 120 HXOHEETY,
FH MBS (total resection D & FIEHE) O
WAt odt625% bH h, HEDEWMI DS 37.5%D
ohr b SRS O BI% CIRIE L T\ A A4S 75% T, MiEk
EE oA &k 3HED 24% (58 CT = MRI TOFF
i 21%, EHEEIAL TOFE3%) 2 XREC EH-T
us ;531)'

Joiz, FEHEE R AR MRI TRHET S & LTH, ZOH
AREG EOMEBERE L TEREHEL, HHEEF
BT B EEE %5, REBEEEOBBENER
EEOTMEH A THNE, B IERLERE LR
EMEHCZ 5, £ECHERTIILRERETSHS,
2 2 eRBOEBENLTERE L LT, B TR
et s FENELSNS, RXLTR, mERF
B (glioblastoma ; GBM) IHEHMR, HH S hdkw AC
12T BEERCERSSENRE T 3RENNEV,
HREFtH 30 GBM ERTEN 0 T2 BFEEEE
BIEFTBELTOE L0 I BREVNS IR LDIHS
¥, TOTEBEHERE, EESROAEHEH LB
10093 (&) 23 aZ kicitlHstd s, Lil,
I OBAEOEHEERENSRBEERTIOTR

{, BBXh “MREREOSKE ChaI LEW
AL, i, AA B X0, BRIEHBEAHERR{ER
R TH 5 RASE—EE I N 3 HEOR&OERD
HERES, SRS N EF ¢ T1 SMFEER > T2 58
FER BHERAE Bl 2 BEMROFEG RS
T EMHBERECHE, —h, FARELEE LT
FA =y PET B 2 UTw 3. 2 F4=VED
A b HREREASRBNT 59, PET BERSOSMEI T
HRIF AL Tw3, GBM THHEEDRE PET BiE
BENEREL -~ L T EAL FoRENH Y,
BilEDORZICHFTES.

M| EME MR BEOEBHEROHRTHALT
T L 2 Lacvoix 599 416 f GBM OFE, 30,
@i CT = MR B4 CiME L 7 B AREEE S mtat s
BY D GBM iEMD 5 E£EFEOMR ¢, A& 98%
BUERAREE, 3813 o5% Ll ISR L SRt
BWLFRBELOER TS, £k, AABIZ2B
FEEESEHE 6,308 OB T, 2HEFEOSF
EFE 40%, 95% 0L REHEE 2295, Z2HEIT 10~15%
LR TN RSB . ESLLHHE
ETFHRLEEER DL, SEHITECERTRWET
BEEELRWEOERTH o,

2 #EEEOLGREH S PEUECHYDE
&

BEHEE L T L BRI, ‘B BEEE (low-grade
glioma) T% controversial T$ 3, “RE" FREEMIE,
BEAE: L HolE LT FH TSR R D, RED
Mésv b WEBIGHIE (, HHEONHAHSER TRV
FHtgn, 3—uv AOEBEORICICEEF ¥k Elow-
grade glioma 288 Al FHEFE™ Tid, total removal T
BERRVTRETENS W EWIBEEN, ABER
MIBTL 72 90% 5L EHEH % total removal BFL LT 5. H
EREEAEEGTO AC D 4460 FREI T, 2¥BH
B, 059%bI EHEHBE, 75% L BHEHIEE, 50% DU HIEHEE,
HHMO 5 EEFER, 2R TN 88%, 75%, 64%, 59%,
54% L% b, 75%LLERHL T 3 3 RSO B & Hi
LTHEEREH RN, 57 b HLBEL R4, 2,602
BTSSR L 5% EESThMUTOR LKL
HESE2ED, PRILBHICGECHEESTRCEET
3 LofMEThok.

R PNEIBEEEEIPR S I L5 D AC THEE,
SELERE, HELEHITH 67%, EOTRG TH
low-grade glioma & 65%% &, oML HES», Thll
TORBRRTH 3. GBM OATHORE (63%) #
BRI CTWEA, “FER" LELENRBAATL5HE
AR 3% T Ly, L{FFA rantiimaEy
BOFRR G pTE T Rna, MEESRERIHET
BEo ogll kR eHEI L, TEFYA LN
B A oSSR OREATEEEETHL TwD
Srds, MENICRYEIERLRTER TS5 FH
ORFEARBVEEBIOND, LRI IHS
TRBE, RERPARTIA T oL FRTFEICR
b, TABAREDIY FE—LLBEBIEREV LS
AEbdbd 3,

B iSRS

BT, BRTENS S ofEERESEH L Tbs
rndl, XEkea~T1% &, MEick hiERS S,
Bk & 9 iz, SFHOERPEMAE, & o8EE
BioTwarsThs, PlAE, SHEMICERMAEE
HhHVBSRASENENEREL, EARSEARRIRT
BRI selection bias AIA B EREDS 5, EEM L&D
7iBe, SHEELAERAOHISE 6~20%BELER S
3, LB T GBM6.6%, AAG7%, ACL0% &
{EVbOThotk, FEEOFETCWRCERENMERT
&3,
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S BRI cxuietioe 20 o

¥ig. 2 Information-guided surgery for

higher rasection rate-+ower compiication rata

i

glioma resection
To maximize resection rate and minimize
complication rate, we need varicus kinds of
information, such as, anatomical, functional,
histological, and metabolic information. Anatomical
information is integrated to functional and
histological information by update navigation (arrow,
see Fig.4 and 5. UN:update navigation).

Anstomfeal infarmation | Metabalic,

Eiformation

FMFH updata navigaﬁun

PET [methionine}

7

7

Functional information has priority over other types
of information (triangle). For example, functional
tissue in tumor shown by mapping and navigation
would be preserved. Metabolic information such as
PET can be fused with MRI (line} and is associated

Functional Histological
Information Enformation
mapping{awaka} frozen sectoin
menitoring{MEP, SEP) B-ALA

with histology (dotted arrow).

Fig. 3 Intelhgent Cperating Theater for mforman'dh-gmded surgery
Intelligent Operating Theater gains various kinds of information.

iMRI ! intraoperative MRI.

4] FERERRRCDT SSHESR

—#, HHEGEEEEL HEEOEFEE ORI

RENB. Brell 520 200 4 @M%Hmﬂﬁ% (GBM 40%,
AA21%, AC23%, Metal7%) iy 5 BEEM D& HE
EORE TR, HELHORAERE &GO LEMERR
275%TH Y, WHSEEHREER L ERCINEL T
WizDik, 7 FTEE BEHRBRoRE BN
Y, eloquent area $° X' 3 hRHIEE L OBIMIIE B 2
i &), Duffan 5712, eloquent area @ glioma 1§

HEREHEL TS, KELEE Ty Ev /26T
L, 300 EGICEf LeH, 50% MM TEEE
FEAT L 7e. I OMELRASHER 1T 80% & ¥RICH
Bys400, 3 ABHMAKREDS SO 05%MEEL,
FERBFEL O 6% TH o7 S, Eloguent area D
MEEEORARNE B LS, —BETTHIER
EEWHECHBERNTEY, EETEEDEMHIK
2y BV IREEFLTWIE, KBNS ATHERIER
CEZEHIEND,
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B S SPHERRER L EHEE s dicly, R
BB ST 2F LT RENRE L EL oD,

HERERHOLDOEBFEFN (Fs2)

CT %= MRI % ¥ 0BRSS NERERE Ry B BT
e+ EH — a VERK X2 FNE BRBHFMRE
BEFhTvwi, SERBoMBERRALL, &tHEE
BMET 3 dicbhbnpsRE T 5 57 &k SR
ik, EEEENAOS SRR ERAL I —
FEFEERH—Ch Y A3 ¥ILMumENA
LB FWaEERL, HhofHEi-$3C
i, —HFRTTbR TS, L, WiHEEoA
TRIH 2 OEOWFEEFERTECHIEREICAS
CERTERWVIRYD, BESEFNCIECRPEEE
Auvz iz, fERkomEgedic L ey —va
v, BEEEHPEBHEE R LI L oT, WhitED
HROFETE “brain shift” 2k 2REH 4~8mm BET
3P vbhTw3, CheBOEHIRE -8, 7
Lbbifichis MRIZ8FEL, TOERIEEF Y-
¥ a it BRLTHWNIE (update navigation ; UN), 3]
BBV TFEF - g P i3, %R, b MRE
HBIC & D BB T T b R HRBHOBED S
% MR B ETA 3 Z LiEBROMRT, HHER
HFRHTHS.

HE, BRBEFH R, MPMRI L UN X8
Higesy (CEBEN) 8, MPEeEXNRECEEON
REERER Y 5155 N BIENITE, 7 L THRE
i & AR ESEN S 5-ALA K X B ES DR EY
A ERENERE RO PR EREL TV S
¢ (Fig.3), EMIC & b PET X 53 RBFFELSFICL
TVvs %, PET HINEHEF ¢H 548, MRI & @ fusion &
BB ILIE MRI - X b update LR & L THIA
TED,

EWGERO DI, BLoEEL L ERRTEC
Z, ERE DEEC BB TR IRRFRE TR LL,
EoRARIBFOMBERET O LHLETH B,
oWERaOEC L 30N, HPMREKRCES UN
THB, A, EERNRc By Stk
YEBREMELES (BESTER), Tofift UN
TEITRE (EBRHENEEEOHS), B (826¢
) BERTHIP BT CES, £ UN ETHil
A ARSI RO T RS (RS o,
£ O OERE AR ERS N TR EEL Ty
kR (ERENEE L ofS) Thid, BHEHE

OEBRECHRATH S,

EERETHIC DT SRENER

FEEREHN T, BRENERNEECH S, Intra-
axial [ CPH 2 MEERE, ERLTHLFEHEREL
igd, BRoSFmiy, "EHE L o
zrkekb, AfHERTFHT Ao, BEECHE
B B 2 B, Y, BEERRoEE
PEEBIRANC AT LR % 7% (28/413 81) icEo
7 LOBENSH HD, EEELEECRERERRIT
THEENTETCE b,

L7=582T, elogquent area ¥FEFH 2 \» M OFHERE
T, ABHETI O - DRSS AR 5, BIE,
MR MA - HOIERMIYEFEL LT, MR
BEE F OS2 EASED S OFHE, MRI 2 MEG 2 &
#% %. Diffusion tensor imaging ® tractgraphy & &&T
FHERHER HE T D T H B, RO & IR
RS -h0RWHRC LGS0, BECET
HEALEREE S ABAENERE RS, 5, BH
b oL LT, RNERENOHEEEC L 5HERT R
b (Wada 5 A} )92, BEERTEECEETFHOE
OFo—7E4UBRIEC L2 FELENES. T
o oEEEAWT YD L) RETFRET) SO
BREFTOnLA%, EEFEOREEFREDCTFET
BRETHRRE,

0 EEREoiEEERi
BREFEERT ) 1THORGORNEE, REOKH
SRl X 5. WA, WEHEEEEE TR T AT
BARO=ABLHFER (Brodmann & 44 B, 45 )
1o HDRIET o0 €, BREEFERE CRMES
R THEESER 419, 4258, 2% 3758, %
LCHRECR EH, AE (40 5, 395F) HSH%T 3,
ENEEF - REEEFEER L &R TV BRBH
() ERHRECOEIE E &5, i, WFEEAR
EELIEERRECEEL TR D, 2oEaRbLETS
hn, EERCORECRERSD, o T TS
FETHEEIFSEERCH 3EE, 55 wikEiEsg
T B HEENS L od 5284, BETREET IR
MLis,

B BaERE
HHEO QOGN BIEEMERTH I L bt Tna i
b, BRETRBEFEEENELWE S KEbiLs,
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L, BEHICS G2 CHEBMAEIROIERDS 9% (8/
91 ) TFEL, 5 bESO L EFANERETH -, b
L S RAE R T o TR T I EBRETO
FWLEY, FEAORBEL SR L ZAEBENS - £,
2T, BAEREIER ITIEEEBNE MRI DI B EHL
SREH, HHEECRECS ICIHEFERE. v v
VSRR & 2 EAERRE ERS R & O KB B
W, fMRI i & B RBFTCIE 14% (7/50 ) TEOEfl
S FARETHR WIS THE®, ThbhLEN
§ICitd 58, BARERAZCEKMIEREICRY 2K
BRI L ABRTF AL (Wada 7A b)) BBETEH 3,
ol Wada 7 R b i & B EEERBEE DERPLETSD
3. BEEEOREARSSIThISEREI AR E2 DR
HHRFLT, SRTSERREHORBMSE T EFTRE
DERE I D, B, DRECEROBATRENEN
DL CRL 3 TEERDHE CHIFEEE 2 5. HE
DRSS EED T, BAFRIRE & RAflicd 2
LEER TR LIBEE, UTRBRsAECRETFRE
2175, Aok EBRTIOTHENEENETE
BAEIR LT TR, GIONEND BGSRRE, HEE
FREMNHERIND,

B EEEBRESEOBR

BEFREO = DIz, BE BRI & 5 REHE
7y By FONMBRG B0 FETHS. MRI GHE
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L THB, b LIERMEELAES, Wwolt ANDERT
et 5 BERUSORECEROBRESNT,
HELBEESHHER R # X, B2 OMRF
T, RN, B VP —AF s o
ok BAECEHESET S Lo GBS R IR
Fookbha,

SEHESESE "Surgical Infomatics”

WHBEEFERCESBEMO T —F BRI JERES
55, FOFATRRFICIE, #ih L v SR REIC B
DHiELL, bbb HABEESE “Surgical Infomat-
ics” MPETHE, R 3 FHEEFRESHRIENR
WHTHY, RD 6N SWRIZSRHEIN I BEHE
MW TH S, FAE, WEEBMC IS MRLRFE
T av@iBEehsl, —HNLHEEcoREE

Jpn J Neurosvrg VOL. 15 NG S 2006.5

ustrative case 1 (see text p.393)
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Fig.5 Iustrative case 2
{see text p.393)
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Abstract

The metal oxide semiconductor field-effect transistor (MOSFET) dosimeter
has been widely studied for use as a dosimeter for patient dose verification.
The major advantage of this detector is its size, which acts as a point
dosimeter, and also its ease of use. The commercially available TN502RD
MOSFET dosimeter mannfactured by Thomson and Nielsen has never been
used for proton dosimetry. Therefore we used the MOSFET dosimeter for
the first time in proton dose measurements. In this study, the MOSFET
dosimeter was irradiated with 190 MeV therapeutic proton beams. We
experimentally evaluated dose reproducibility, linearity, fading effect,
beam intensity dependence and angular dependence for the proton beam.
Furthermore, the Bragg curve and spread-out Bragg peak were also measured
and the linear-energy transfer (LET) dependence of the MOSFET response was
investigated. Many characteristics of the MOSFET response for proton beams
were the same as those for photon beams reported in previous papers. However,
the angular MOSFET responses at 45, 90, 135, 225, 270 and 315 degrees for
proton beams were over-responses of about 15%, and moreover the MOSFET
response depended strongly on the LET of the proton beam. This study showed
that the angular dependence and LET dependence of the MOSFET response
must be considered very carefully for gnantitative proton dose evaluations.

1. Intreduction

The depth-dose distribution, Bragg curve, from a proton beam has an entrance region of
slowly rising dose followed by a sharp increase, the Bragg peak, near the end of the range
(Miller 1995). Therefore, proton therapy provides a therapeutic gain to deeply seated tumors
as a result of an improved dose distribution. Naturally, it is important for proton radiotherapy
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to evalnate proton dose distributions accurately in the patient. We have to measure and verify
proton dose distributions in heterogeneities (Kohno e? al 2003) and small fields.

In photon radiotherapy, the metal oxide semiconductor field-effect transistor (MOSFET)
dosimeter has been widely used for patient dose measurements (Ramaseshan et al 1997,
Chuang et af 2002). The major advantages of the MOSFET dosimeter are (1) the MOSFET
dosimeter is direct reading with a very small active area (0.04 mm?); (2) the physical size of
the MOSFET when packaged is less than 4 mm?; (3) the post radiation signal is permanently
stored and is dose rate independent; (4) the reading procedure is fast and simple. In particular,
the small size of the detector could be advantageous for point dose measurements in small dose
regions.

The main advantage of the application of MOSFET in proton therapy is high spatial
resolution, which is important for deriving the profile of the penumbra in a plane perpendicular
to the beam axis. Research has been done on the application of MOSFET dosimetry in proton
therapy. Rosenfeld et al (2000, 2002) have demonstrated a new approach to microdosimetry
in radiation oncology using a MOSFET applied to proton therapy beams. However, their
MOSFET was different from the commercially available TN502RD MOSFET manufactured
by Thomson and Nielsen, which has been widely used for patient dose measurements. The
TN502RD MOSFET has never yet been used in proton dosimetry.

In order to use the TN502RD MOSFET with a clinically applied proton beam, we have to
evaluate the characteristics of the MOSFET for proton beams. Particularly, as proton energy
changes along the protons’ path, the linear energy transfer (LET) changes continuously and
significantly. Therefore, we expect the MOSFET response to have some LET dependence
(Rosenfeld et al 2000).

The purpose of this study is to evaluate the basic characteristics, dose reproducibility,
linearity, fading effect, beam intensity dependence and angular dependence of the
MOSFET dosimeter for therapeutic proton beams. In addition, Bragg curve and spread-
out Bragg peak were also measured and LET dependence of the MOSFET response was
investigated,

2. Materials and methods

2.1. MOSFET dosimeter

A commercially available TNS02RD MOSFEET system was used in this study. The MOSFET
dosimeter is a dual bias dual MOSFET detector that consists of two identical MOSFETs
fabricated on the same silicon chip (Soubra et al 1994) to reduce the nonlinear response
at high dose levels. These two MOSFETSs operate at two different positive gate biases
(15 V and 1 V) and are irradiated simultaneously. Basically, a MOSEET consists of
a P-type silicon semiconductor substrate, a layer of insulating oxide and a metal gate,
A shift in the threshold voltage, the gate voltage necessary io allow charge conduction
through the MOSFET, is found to be proportional to the radiation dose deposited in the
oxide layer.

The system is composed of MOSFET sensors and a mobileMOSFET. The
mobileMOSFEET consists of remote monitoring dose verification software, a wall-mounted
BlueTooth™ wireless transceiver, and a small reader module that acts as a channel between
the MOSFET and software. The PC is on-line with the reader module and MOSFETs and
the dose is obtained in real-time. The MOSFET senser is connected to the mobileMOSFET,
which provides a choice of high or standard sensitivity response. For this study, we have nsed
high sensitivity response.
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