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Fig.1 (A) Strain gauge.
(B) Laser displacement sensors (LDS).

ENEALS B L OMEYD - 7=, B, CT
HLEOFHRIAAIA ., FlEKT Y
— ™3, TEMOBEENERS CH 5 L — LR
+ % —(KEYENCE LB-300) %\ . 5%
I X W EB) T 5 hEmMOME B & FFRIEITHIC
BT 5, LI —hOORRETEICRIEL /2
BEEAT VT, TOEHIERIIY &
L T—EDKMERE (25msec) TERRIN S,
MR ARG ((EEICREETTRE) & T - 7:
KRS R U H— % R4y X H L, CTHEEBIZIO
NH—ICVE LR A Bta 5,

2-2. MIREN CT &
MEEPEE Y AT LR, CT ¥E
(W3000AD, HiZ AF + 2) iZHfFFa -y
T —3ETER (AZ-7330, Ll A5 1 AL
LW /c LD TH S (Fig.2), HHHEMNO CT
WEIo/ —~ LA v ERMIETAILEL

94

Raspiration Galeg System

Fig.2 Schematic diagram of the respiration
gated CT scanning.
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Fig.3 Timing chart of CT scanning.

The trigger level (threshould) can be set up
at will. When the LDS signal becomes lower
than the trigger level, the trigger is produced.
The delay time between the trigger and the
CT scanning is less than 250({ms).

100 200msec F2JiE) Z & AEUREI] CT i
DREEE L7 > Tz, COMBORBERLLT
3. 100msec L TOAF ¥+ VI A LBHTS
CTOB#L 1 2OHETHHLE2LN D,
LaLl, AR CIBFOEKEYFRHTH L
kT, BEICEREAET S Lokl
DORBE LT ZTT, APETHAF vV F
A4 (1sec) XD LRVRKRERMMEAIES C
EEREMEL, DTRRIEBIELT- 7%

3. B&%
-1, FEROFFE L
BEOFRIL, WREHS A5 AL DEIZ
T F—2hTwb, COREBTEEICARD
PHELIEWEBETRAY ‘&5, ‘137 DR
{7 -7z, B P@@Jf’?*ﬁlﬁlé@é")i’z?": Lk
D HBREBVDZ A I VI T 5 LD
%o I, WD (LT, T £75)
EEELINEILTLED, BENLIA 'I‘cx
% 2.0 ~ 3.5sec BHE L L TV 5, FRAHEHE

bi-die: i

WE LR SEDH L, FREFIIERE—7

(BRMEIHLH) 1L ZOHROFR K
PREATD LD, SOXDITL THERR
R DB RT B M A FOH L7,

C O A BN 2 D BIENCAT D 720,
HRHOTO7 5 KR L 7z WO Y oy
FRO, T4 A7 A 142 BT, 3K 0
XFERZALICHMIEL S KRS #7, BR. ¥
KOEHERAY 2N ENEBICRETRET, £
MU “B’S ") 13" OUFERETHIC
BICIEAFR R L2, SO CHEHEOH 7 o
{ A< 5 4 A7V 1 (EYE-TREK:
FMD-700, OLYMPUS #-# :Fig.4) #{#FRAL
726 724 AXT /T ¢ ATV 4 OF| AL,
NITHN, FHMUNAETH B0, HEE

DFRMEHIBEZ T, #E->T, CTHV Y
M. SHICRBHECIORBOHFHTEET
BHb, IBIC, VoA ARTIV T4 AT A
BEMTH N, —ly AT AMBEEIZIER T
BB LLFIHETH D,

WEREIC T 2 A ATV T4 ATV &k
BHLBEHORTRICH » THRREZIT-Th 5D,
ROETRZ A IV 7, REREESE WL oh
Ez, EEACHULRROZIA IV T2 AR
DB WP TEREL 720 SDLD%H
ETHRRERORE LB FOHT &%
AARTzo BMROBFBHIZLD CTOAF /24
LU EOBRKFEZTREAEDH I LATEN
W, 7—F7 7 7 FL S h, BERESAE
DIEES B ORI L ATRE L 7 B,

Fig.4 Face mount display [EYE — TRECK;
FMD - 700, OLYMPUS]

95



PitEapBe 23E& 411

L EDBRIFARFEGE LRI HI LT
Bo SO—HEDY AT Ak A/ HHEETIED
HWENFIRE N2 — (2 L0, HKERPRMAET
CT xR Al

3-2. WREFIEE A CT 1R

R FEB AR I RBRESMEN TV
B, PRBHEHREETH 5B, Lo LETHRIC
AT RVEE LR AT L DI B,
ChoOREL#EREL TITOBE. BREOH
FIRFr LA LV ADRR LD | PRl
DIFE LD hRL, - T, KERICKT
LRAEFMOEN L LT, CT BE 21T D Wi
ROME %+ HEE JIRE G 7o, FBIZLD
W2 REE%, CORBICEPIL TAF /%
AL —FT 5, AERTIIEREHORGIOL
LU —DOREFEML 2, CTHmELHIIAS
£ A& 5mm, AF+r v FA L] sec T/ —%
WAF v/ &T-7,

oS

Respiration Signal (arbitrary unit)

/\/

1{soo)/neate

28{scc}
{ :

0

Fig.5 Respiration cycle changed by guided
respiration system.

{a) Normal respiration.

{b) Tin=2(sec), Tex=3(sec]).

{c) Tin=2(sec), Tex=3.5(sec).

As the diagram indicates, the end — expirato-
ry phase becomes prolonged with increment
of Tex.
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Fig.6 Comparison of anatomical location, be-
tween normal respiration (left) and
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cluded. The arrow indicates an internal
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Fig.7 Comparison between the guided respi-
ration method(A) and the breathing
hold in the expiratory phase(B).

The point O on the CT image is the isocenter
that was determined by means of the guided
respiration methood. The point O’ has the
same coordinate of the point O. Upper sec-
tion is an axial image. The lower section is a
reconstructed sagittal image.
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Fig.8 Comparison by using the treatment
planning.

(A) The result of dose calculation for
Fig.10(A)

{B) The result of dose calculation for
Fig.10(B), The irradiation parameters
{energy, SOBP, gantry angle, etc) is the
same as (A).

(C) The depth dose on the central axis of the
beam. A solid line is the result from (A}
and a broken line is the result from (B).

98

5. BREIUVER

AWFFEIC L 0, EHEEE CT Egud % R
THRIEIXETHAH EERLA, SHICHR
R0 CT #iid. WRFHEZHVAHT LT,
MR EI CT S B ORI KE S A2 &
T BEHTETHHZ ELRLI,

EMHHBBHORRIC VT, BEEEY
WH L 5H3ESF L BEERER Lo
RINTE/, BEBHBROLY YTy 15—
REIEAZRLICEVENMNRICE XD T LA
BELi->TwWa, L., GHIKEHS, Wk
WBEARS T H5E. ¥—7 v EZDET
MEBOMMAEREICH S 2 5h Toiknicsd,
SEMIBSEREEICBIL TR I 52 LIdREE
THoroo SHIEFRICEML T CT HB %]
BBICLAC LTk D, RiREtE L DBt T
RALHIZ—H L T Y, fEROBEREIC >
TSI HICHEHERT 5 ERaTEEIC e - 7

PMRC TiE Z h & TOMRKERIRHORER
2D, BR~—Y VL TE—ABICER
FMIC 5mm & SRS 5Smm & 3R, FES
HEBL TR, B4 DBEOTFRBEFENTE
B2 CT R OB B ORELEBL 72>
ZTCTHETHNT 5mm ETOT—I V&R
TW5b, HRFEC Y —i L BEHROBIHO
e, AUIRA D LT 5 3 E X F BRI
0. THETOHRFEII<—Y VicBd 5%
ZIFEMTHoIcsELZOND, SHIIERRA
WCTREICLY CNETO5mm &\ HFR
Afi~— vaEREL T, SHL5EHBE R
BHEFTSEMTREL S,

FROR AR OB SRk CT #E T3 1
MR 1 AT A ADEGEAERE 57, WD
/=2 AF v VIR TRERRA R & 5
CETHDH, Ll RIS 5% [E I
VAT DEHRIVF AT A AN ATHE R kit
DCTICHNBZ LIz k D, ThoORIEILE
haehsb, HFEOCTERBIEAF+ v 2 LD



Jpn. J. Med. Phys. Vol.23. No.1 (2003)

BOTHEHLS - TW5SH, FREAPAEW
(3sec LAF) BE WL THHMRFEICL S
MR [ CT A & 0 AETh 5 L ABIR &
NHRMEh3, £/, Kenneth 5O#EL /-
BT ARSI kA MM Y ot L Ch
SRR AR R ARE T, AR A—2—%
WAFEICHNBENOABLBREINAZ L
RTINS,

COEDI, WRFHEISHEL S DOWEE
RO AR~ Tk, BROKLLT, &
B L SO BILrRFTRELEZLA
5,

BER

1. Ohara K, Okumura T, Akisada M et al.: Ir-
radiation synchronized with respiration
gate. Int J Radiat Oncol Biol Phys 17:
853-857, 1989

2.1k KERE BE ez, B FW, i,

ORI [RDUI R SR O BR 76 & & OERERF "
BRIGHEH . 25(19), 1071-1076 (1993)

3. Minohara S, Kanai T, Endo M et al.:
Raspiratory Gated Irradiation system For
Heavy -Ion Radiotherapy. Int J Radiat On-
col Biol Phys 47(4): 1097 -1103, 2000

4. James M Balter, Randall K. Ten Haken et
al.: Uncertainties In CT - Based radiation
Therapy Treatment Planning Assoiated
With Patient Breathing. Int J Radiat Oncol
Biol Phys 36: 167174, 1996

5. M %", F R, B B kg
BRGTEHER Y CT 3%/ . BEX9E
21(Sup.3): 135-136, 2001

6. & BT, fhilkE B, ORAER . JEENEI
& 7% ORI (6] {IRE  AR IR BT O FREENE T | B
FREE2EIL 19(1): 74-80, 1999

7. Tada T, Minakuchi K, Fujioka T et al.:

Lung cancer: intermittent irradiation syn-

Bt

chronized with respiratory motion-results
of a pilot study. Radiology 207(3):
779-1783, 1998

8. Dennis M, Joseph H, Kenneth E et
al.: Technical aspects of the deep inspiration
breath -hold technique in the treatment of
thracic cancer. Int J Radiat Oncol Biol Phys
48: 1175-1185, 2000

9. Kenneth E R, Joseph H, Dennis M et al.:
The deep inspiration breath-hold tech-
nique in the treatment of inoperable
non-small —cell lung cancer. Int J Radiat
Oncol Biol Phys 48: 81-87, 2000

ARBEELSOERE L T

10. M8 #F—, £ K=, £ B.HEX
PMRC &6 55 F#iIGH CT O &7 —
Z. E¥9E 21(Sup.2): 123-124,2001

11. Mageras GS, Yorke E, Rosenzweig K et
al.: Fluoroscopic evaluation of diaphrag-
matic motion reduction with a respiratory
gated radiotherapy system. J Appl Clin
Med Phys 2(4): 191-200, 2001

12, Chen QS, Weinhous MS, Deibel FC et al.:
Fluoroscopic study of tumor motion due to
breathing: facilitating precise radiation
therapy for lung cancer patients. Med
Phys 28(9): 1850-1856, 2001

13. Seppenwoolde Y, Shirato H, Kitamura K
et al.: Precise and real - time measurement
of 3D tumor motion in lung due to breath-
ing and heartbeat, measured during
radiotherapy. Int J Radiat Oncol Biol Phys
53(4): 822-834, 2002

14. Shirato H, Onimaru R,Kitamura K, et al.:
Gated radiotherapy. Jpn J Med Phys 21:
17-27, 2001

99



BB H23% 91y

Respiration gated CT scanning for radiation

treatment planning by guided respiration method

Yoshikazu Tsunashima 1), Takeji Sakae 1), Yoshiyuki Shioyama 2),
Kenji Kagei ”, Toshiyuki Terunuma 1’, Akihiro Nohtomi 3), Yasuyuki Akine'

" Proton Medical Research Center University of Tsukuba

2 Department of Clinical Radiology, Graduate School of Medical Sciences,
Kyushu University

¥ Quantum Radiation Division, Ionizing Radiation Section National Metrology
Institute of Japan National Institute Advanced Industrial Science and Technology

Code No.: 699
Key Words: FRespivation - gated irradiation, Respivation gated CT scanning,
Guided respiration system

Abstract
In Proton Medical Research Center (PMRC), we have performed the respiration — gated

irradiation for treating the tumor in the body trunk. In the conventional method, patients ‘
must hold their expiration during CT scanning. The phase of holding expiration is different
from the end -expiration phase. This results in difference of anatomical location in the
body between CT scanning and the respiration —gated irradiation. For the sake of
highly —accurate irradiation, a respiration gated CT scanning system is introduced. In case
of natural respiration, it has been difficult to achieve the gated CT scanning because a sta-
ble period of end - expiratory is not so long as CT scanning time (1 second in our case) . In ‘
this study, we developed a guided respiration method, which leads a patient to maintain the f

end - expiratory phase during required time. The respiration gated CT scanning is per- [

formed by using this. The phase of the acquired CT image can be approximated to that of
| respiration —gated irradiation.
i Received Nov. 1 2002; revision accepted Mar. 24, 2003
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