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Development of Stereotactic
Irradiation System of Body Tumors
under Respiratory Gating

Ryusuke Hara", Jun Itami', Takashi Aruga’,
Takuyo Kozuka'’, Hideomi Yamashita',
Yoshihisa Abe", Masashi Fuse", Tatsuya Kondo?,
Dai Shinohara®, Takayuki Nagaoka®
and Takaaki Kobiki®

Stereotactic radiosurgery for body tumors is hampered by
the difficulties in body fixation and respiratory motions of
the tumor. We have developed a Microtron-based system for
the stereotactic irradiation of body tumors, which delivers
radiation at a predetermined respiratory phase.

The patients are fixed non-invasively in the custom-made
bed, and CT images are obtained. The isocentor is calculated
with reference to those images and is marked onto the patient’s
skin and the custom-made bed. The patient lying on the bed
is transferred to the treatment couch of the Microtoron. Af-
ter reproducing the isocenter, actual treatment is started. The
treatment couch as well as the gantry move automatically
around the isocenter according to the treatment planning. The
circular collimator moves by computer control to reduce
geometrical errors to less than 0.5mm, which is evoked by
gantry movement. Respiratory movement of the abdominal
wall is measured by laser displacement monitor. The
Microtron delivers X-rays at a predetermined respiratory phase
with a lag time of 20 msec after the on-signal from the monitor.
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Fig. 1 Stereotactic radiotherapy system

FHVWCTAMERDS 5 EI2E— A0F)hET 5 $ Tlomid
5K (EADRERE) &, FORICBITAREEHOKRE
EEEHELTKT 7~ bATHE LM E— 7 il
FLY, FOEOHRELRDBFETHAH. MH~OHE
DRWERHEIIT T A= O EEE LKL FAL
7z. TPRIETIZELEREDF IR A5 DT, T
) X LY OEE— FOIEPICEL RN 2 R bR §
5 THEE(LT AEEE— FH R L.
@iEHEETEoE LDV 7 Y LT

EN B REIERE TS a2 e L, BEOE
HARBROBR IS I 25 £ 912 3 R EM OB D
Bt Fm»e 74 vy b))y 72Xzl 5. L
L, fERDIEFETE TIZAFHRIED 3 RICHALE BILR % 48
B 300 WL SEENEhoT. 2T, BEHE R
FTBIOITET VT AL %ERL, 7075 L5%H
LIz, TAVEY Y =%l L CEBORERERE
liggs % HIEAR & 2 AFRE I L, ThEeio Ll L)
B2z 2 RITEFEHR~NERT 5 R (B~ v 7) 2 ZBF LY.

2)RBH O X —2L%E

4@, AY b ORI LTHMEMNEZERT SF
BelLTHy mehl@Ec sl A -y 2f%EL
7o, BEHIACHEH M) OEATHLH LOFHIIL,
a2 A=%D ANEOEBHEEXHIFICRE LoD, ks
SIEIITAVEyy—%dulb LTHRET S L) IS
oY A—yEBEOARI) X —F & AHIE L. HEa
1) A — #1%50%isodose linel\C THESNTH Y, HEEES,
10, 15, 20, 25, 30, 40, 50mm% #EIR$T 5 EHTE

SERE 1443 H25H

%, BRET) xX — & Sl o BT TRHENC 13 2 KOTALE ]
fbsHE L o) X — 5 DfRBYEE T T 7.

3)BEA(HIF)
ENRFRIERER BT A H 7 FOEEL BRI,
KOBREBREDIINICEELERLIZESORHICLD
TAVEY Y —OFRIFTEHI L, HFFICESD DR
FHRE 2GR TR E SN AEICRETEL I L, UK
ENFiRAETE IS D X HBWICES RN TS Z &
ThorELE, S5IH Y M) EEbETEOMMBRRERE
A 1mmPARIZ R B b ok L.

4)MEBRIERS X 7 L

RS AT A%, WRESERETL2EF—, &
Y —EEOWIESE, FERFEIMESBED L IVEREY 7
Mo I7, CRTERE= Y — X Vi ENS, HRESD
it o — & LTTada® 5OEE L FEE#HRAL, L —
H—ZfrEtE AWz, L= EHI B E ORISR
BT e, JBRET /I3 MBE DI ES) % AN D & & A
THETH S, ZBEDPHESNAITPFRESITHEERICLY
Wigshnsd, FLTLRUVBEV I FYITIZEIDHBEL
12 DDA TR G B ISR A >+ 7
DESHFELNDL., BREBIEFIHVEBNICIE—A
PAVATTD. w40 by AT ATIE, RETEG
BhTP20mA CRABERIET S, FLBEHPICEE
DOWHEAELN A, FPRER S A7 4 L D EFREILES
ESNIBHPFESIEIET S L IBRESNTVAS.
IR FIRA S A 7 L DIEE 2 AT 5720, MFEET 7

41




158 PRI x5 % PR R U 7 B i e e 1 o ) 58

Y PAEHWT, UTOL) LB ERY T 72, HIGE
B % Rl L CHOER) A PRNE, Mileih ok s iz 7
7 v b ADOBEEIINEIC Y ~ 7 AT CER(EE 4mm) % BLE
L7z, BERT 25 » 7 A7 YRS 0 3 2 RRITA
M) E2T7A vty s —IhiBikoE Lz, WEBE7 7 > b
LDMBEDOT) & % L —F —EEFCTRIB L, IRFERL > A
7 LTI [FHE 5 & ER, TEEFEERZ1T o7z, o F [
WAL T M) EEAEMAGbEFESRMEE, (0
FE, OFE), (OFE, 330B%), (30F, 3305%) (305, 20/%) &
7=,

2. EBROBESE

Y, BEZLCTEEBECEERY F(E—V F7
T, TV T, BAR)EERL, BEbOBEZNZ,
PR OB E R L7z, BEEZ IOy IR E
, Ny FTECT(HI A7 1 2HCT—W2000) #f% %17
J. WEBWHENOH L 1 HERLESL LT, Xy FOLE
A, BEOERII—F 7% T, T2y FoOmEfilm
IZCTHEEEO PO~ —F > 7% LTB L. 3 K0k
FHEES % [T 3 % 720 (IS O TR £ N F M40emFEFED
CTHRESLETH L. HFEFBEIET A V1 ¥ —ofiE
ROBEXFHERT H72OA T 4 AE 2mm, AT A AR
2mm THRfET 5. TORAEIEA T 4 AE10mm, AT A
ATBBIOMm THfE 5. SRS IEWTI D HKIPREE I
B3ns, FREOTRTOCTIEHRIZIEHGT IR |k
NCHBETE A TDN S, EHEETEI, FARMPL S %
HAwTiTbhs., 20/, BHFII—FEXy FRr6BY TH
DI & EnD., HEETEEEE LT, AR EBT S
NBEH, BEP) A7 BRI A2 EH L TANT 5.
FO%, BHEELVFBFOTA VL7 —L LTEHE
i, B~y TAHEMIC) A 2SI s hE. Zo
Bt~y 7 LT, VAZESEERT, POz bk
WP THRAAS A H A G E S A, AREREIE S
VI L TR SR T O R R BRST 2 47 5 729124 M Bt
FERHL, #@ETIZI0ME LD 3 KICE MEGCREE & 2 b
I ASHEABELTWA, KRIZ, EHETLofkE
FOIRY ZPET S, BURTIE, SHET L IH%E iR
D Z47\, JREETEZEEFOCUS 206 Lo, Mmphfi%
RS 0iR) #EBELTWAS, SEASHmEE Y E
0 BRI DRIE S NIRRT D3 RITMIZEHE S R,
DVHOERDLIEETH B, o OER % B CHENICTH
RIREBOTHNE, BEAZ ) T & LTkl
BICER%T 5. BIET 5 E5b T~ v TI2R - TR
RAS A ERBEH VIR ZHAHETAZLER B, KIC
EBROWGHRICRATT 5. WHRBKBENICESEIHUEEN
vy FIZEES NS, 2O, BENy FITEHUCTHRE
ATV, GG CIRE S NZCTHEIfR & Il L TR~
—HOMBERETA V¥ —DMEOHERFZEN XL
REET A, FOBNY FIE~v4 70 bar0hvFI2
Biksh, EE~—h xR E LT, y, zhACh Y F

4

FEMLTAVEY =%~ L4700 OGRS
HEEsb, OB, BACTTHRINIALVE2BIETS.
o F OMBIRERHEIR £ 0.5mmM N TH 5 7-0IERIZIE
MIZTA Ve y—2FHBHTALZ LD UHETHDH. FDi%
IZHBGIA 7 ) 7 Mo TAYFBIOH >~ M) OfiE
BT hNFEFRI W E 2l L, EROGHEENT
Bl S N5 (Fig. 2). ML=y M, eSS hi-IEA 2
) FMftoTwA4 270 barofy M) BLTAYFO
BEES) % 6 L, EBROERETH. WRE= % —IC
i, #pRo e  L—F—Efitx vz, L—9—%A0
At & DOIFRAZ 5 (X [ CRLEE S, e 10T
WAAMT~A 70 ba VIl Y oEFEORE,. B
LA HADOWEBEK TS HEH 2 PUBI Y F
EEBIICROBEAS HICBERE L, Zokmars
DI ETSING.

[y F(E=NVFr 7)) WCTEEEREZEL, CTH
BIZESTEHIL 727 A4 V& & — RS & BV CTER ST
PIEHREIT ) BOMBENBE 2 RET 5720, BRK77 >
FAZHWTZUT O &) REREITo 7. MIDIC, KT
7 ¥ bPAERBET S, TE AT 2R IER (IE20cm s
F£, RE30cmPEfE) # BRI 2 DU L, YIkrE o
PO IE AR 3mmABRER (MIEEE 1 mm) ZIDAKR T A
by —bdh, BRI MLETy FIZARE—ILF
FTTCTHEENRY FEERTE. 777 FAZEERY FIC
[EE L) 2T, CTH%21T). ¥, EOMLEEL
LTE—NVFTT7OLEGLEHEMIZL—Y—FRA v 5 —% %
ZLLTY—Fr7T5, FLTATA AE 2mm 2T, 7
AVt ¥ -0y |EL, FKE%0, 0, 00&LATA
VEeyy—0(x, y, D) EEFEHNTA. FLT, BEXy
FicEE LT E~vA 270 burohyF F~BiET S,
HorF BT, FAEEEE(, 0, 0)& L, CTTERIIE N7
TAVEY Y —OBEEE Y x, y, z&HANH T FEBH) S
5. ZHLT, A FLETHESWBEROT AVt
VI = EHROPLEDX L EEHIMICEHIT A, o
FEERZFH100E4T > 7.

w R

1.

1 BES~ v 7%Fig. 3137, KWiFHIoPe F - fEi)s
CTH{SHZHIPATH ), HRFRSNTWBEMAT) A
gt KT, HBOBYHPLEIXE S v F MR (0,
30, 60, 90, 300, 330FE)ICBIFBH » M) AEIZL S
ZALERT. 2T, MCEHBUCHE WA S b
) &Y F OGS WHPH (TE)HEIPH) TH Y, XED (AT
B#PAN CH ISR E T E) TR SN AS A L b B
sz dilhs, oSt~y 7L ) A7 ST
WEVE, oA FEH Y M) ZED R W 6 O A G
IR DERED2RICHNCES IR E Ao 7z,

2) 4 b OMLERGE, +0.5SmmBLlNE o7,

HABER & B2k Ha%




Fig. 2 Actual treatment
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Fig. 3 Irradiation map
The inside of the blue line shows the rotation range of couch and
ganiry. The red part shows risk organ.
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