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Al(margin)& =9 & A Qoqo;q 71 ui7
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IGRT)&} 95 AAMAX] & (Tumor Tracking Radia—
tion Therapy), &-3-5FHAMIZ] & (Respiratory Gated
Radiation Therapy, RGRT)5-¢] tji&o|t} 29 E3] &
T 5 XA B 424 AASEESE Y (4-Dimen—
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Fig. 1. infra—red camera and 6—dot Marker with 4-Di—
mension Computed Tomography
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SiA Hr}, o] & WARAo] bR = A - A7l
D AEER O 72 30~70% YADSEe] WEEA I X (Internal
Target Volume, ITV)E A5}, A 7224 (Plan—
ning Target Volume, PTV)& AXsH W 24 $A4F
(Full Phase)oﬂfﬂ A AP AL A HT; 2o 878
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A 5 A Hek Ao g S5 wE fA 9ol
2 o, S B 7ok HAtA AR F 553 2
2 o|fE F29] A7} M A9 FAUE g oAt
< AT AR R O B 7] o7k &84
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S AANTO R 58S A
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MEAISE 9] 501: EFEAPAIN S 919 Trigger mode A4 25 4]
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1. 7|2 4ADCT Q& &=
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SAR™ 5 249 WME-S TG-53014 Wdshs FHR
, QA) EA}o] Wt RPM A9
FARZ(QA)E 913 T 24 o AFWE (Simula—
tor©]™ 0 bpm(Breath per minute) 7€ 60 bme}X] e
&= HAIZ 4 Q) QI7ke] YubARl 5 £
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ST TR QUASAR™ 3

4J 7} — Phantom Study

Fig. 2. Gold markers, QUARSAR™ respiratory motion
phantom and position of gold marker
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% %(Region of Interest, RO} e ZAo|H, FAE=
Z78 Bt 120 kvp, %ﬁ% 250mA, &efolA F7
2.5 mm, 0.56 Pitch, 270 AJ7F 94 Cine Full 0.5 s& &
&3k

2. EX|X} 2 A} (Contouring of marker)

53 QUASAR™ T3 %2]Q] MElo] Aishd5&
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Fig. 3. Setup the phantom at TrueBeam™ LINAC

47141€] Trigger mode % "FAF & Hlo] FojAl= A
(Once at beam off)& -85t} o] HAlL %ﬁg )
2 BHEER TN A 2AP} Bojal

A& FAFe R F58t= HAo|tt 20 bpm(Breath per
minute)«l 35 SRR Y53 g4I Ve
A AR ES = AEDCT) B4 25 A9 HAE A
%4H(Digital Reconstruction Radiography, DRR)¥}

(Reference) 4

0_1.4 O_>|:

3
J3H(Registration) s}t
4. Trigger modeE 0|25 &H
H Lo A= Trigger mode?] AEA H71= =
7HA) mj 74 (Parameten) S A1) R WA diA
FRE TF L50|H, 7|5 T £5(20 bpm)Hr} -]
AU 20 bpm), ®ekA=() 20 bpm) 7-?-°]cHTable 1],
T A m7RHp R AR RAL 27T Alo]’ ZHGat—
ing window)47go|c}. ofei% 5 gh(Lower threshold)
220 mm=E K 54 27004 1o, 9% 78 gk
(Upper threshold)-& 743} tHFig 4][Table 2]
oo} L2 mZfHPE AT —?—

<y
terior, A-P)FO 20t FA] GAf

-lol'
>
=]
—t
[0}
=.
)
5
"U
@)
i

= QUASAR™ 3 AA B 559
mlE1(Vector) <2917} Fe] = W (Superior Inferior
S-De2qk F2jo]7] mjZolr}, FULt Yoz 58]
& ZJato] 7| (reference) YIAH] LAHAEE 75k
glom Z3zke] A 2to](Absolute Difference) 3t 7]
SSIHTHA 1], HEod, Arle] Avjide] A (Daily)= &
2 = Qloka wheksle] 3Y ko @ é g3t HlolElE
F5oIoA TF £ Holo] whE S A A
0]g-212 Brlelr] 98] tAA O R p-valueE AHE319C.
| Qo2 0,052 A48t £33
o] 2}o)(AD)2] HAH(Variation)ol] et AAAAAE 57}

S5 Oz 1= Ke)
35 24Y WY

ll

Of

55 A )
S HESF &

517] 918l 24 Al5=(Coefficient of Determination, R2)
£ 4SS0, 1,00 7S ARV HEksHA
HHES ofmlgltt,

Absolure | D Reference = D Measurement | [/5—]; 1]

Difference (AD)

z

5 20 bpmollA] XL 9140 2 HE 747}
1.0 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm $& &4
ZHUpper threshold)7H]9] (Trigger mode?] beam off
#AORE 0.65+0,06 mm, 0.9£0,01 mm, 1.27+0.04
mm, 1.5+0.06 mm, 1.66+0.13 mmo|H F42 194}
o] 7|1& gro.2 sk

71E ®
Table 1. Parameter 1 : Respiratory rate
(Unit in ratio : bpm")
Parameter #1
Reference { Reft > Ref T > Ref T > Ref T > Ref T
Respiratory gate
20 10 20 30 40 50

*breath per minute(bpm), T Reference(Ref)
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Table 2. Parameter 2 : Gating window setting 271 3545 (20 bpm) CHH| =5 &&= Welo| mhE
(Unit in ratio : mm) =X Zn}
Parameter #2 19219] 1.5 mm $1% %€ ZHUpper threshold)oﬂ/ﬂh
Lower.threshold 20 50 bpm?] FF &o)Ae] A Zfo|(AD)E A ek B
Gating window (fixed) T
setting Upper threshold % 2 %I(Upp er threshold)efjA}} 22t X}O](AD)M 60
1.0,15,20,2 0 _
(moved) 01.9.20.25.3. bpm T35 &7 7H Zic}, 2o A Ze)(AD)9] - 1

2}, 292E 382} 25 3 mm 912 58 ZHUpper threshold)
oA 74 7.0, B+ 0.81+0,08 mm 2}o] 2 SHel=| Q)

1°1i}0ﬂ/ﬂ 1.0 mm, 1.5 mm, 2,0 mm, 2,5 mm, 3.0
mm ++% ZH(Threshold)olAl Z4AI4= R2&= 242} 0.680,
0.807, 0.752, 0.859, 0.945% 1= 3Ict,

294Fo A 1.0 mm, 1,5 mm, 2.0 mm, 2.5 mm, 3.0
mm #5 gH(Threshold)oll4] 24414 R2+= 22} 0.956,
0.877, 0.714, 0,724, 0.823% 1= i},

= [
Fig. 4. Trigger mode image acquisition with RPM(ReaI’ume
Positioning Management) system 3Ax}o A 1.0 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0

mm 8 ZHThreshold)ollAl Z7A4 R2+= 212} 0.878,
10 mm, 15 mm, 2.0 mm, 25 mm, 30 mm 9% 2= 977 0843, 0,967, 09502 SHRIE|ATHTable 3],
Z(Upper threshold)71A]2] Z}o]+= 0,68+0,07 mm, 0,98
+0.04 mm, 1,19£0,03 mm, 143%0.03 mm, 1.65+0.02
mmo|H BatghS 2910 7] gho & AAselh

2) £ ZAnto]| chet xtolzel
19%}, 294} 39219 1.0 mm, 1.5 mm, 2.0 mm, 2.5
mm, 3.0 mm 8 ZH(Threshold) &= W04 p-
3) 38R IS 2 Sad valuel= A4 2142 0,05 o]} Aol g ol sHelshg
1% 5F £ 20 bpmoll A HaL VIO RTE A7 gymaple 3] [Fig. 5.
1.0 mm, 1.5 mm, 2.0 mm, 2,5 mm, 3.0 mm $|& &
gl 7H(Upper threshold)7}x]e] Z}ol= 0.7£0.03 mm,
0.85+£0.05 mm, 1,22+0.03 mm, 1.34+0.04 mm, 1.68* gl =
0.03 mmo|H FatghS 3URe] 7 ghe = AAsieltt

[Table 3],[Fig. 5]. 2 ALoAL FEEREAIAX R Trigger modeS
o83t FF D5 A9 -84 o5 Hieof whE Trigger

Day 1 Day 2 Day3

;mw “ EWWWW ﬁmhﬂh

Resprramry Rare (bpm) Respiratory Rare (bpm) Resprratory Rare (bpm)

Standard Deviation (mm)
Standard Deviatian (mm)
Standard Deviatlan (mm)

B10mm B15mm 020mm B25mm B3.0mm Bimm @15mm O2mm @2.5mm @3mm Bimm @15mm O2mm @25mm @3mm

Fig. 5. Standard Deviation with Respiratory Rate
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AgFo] Ad=l= YA FLIAIA] & (Stereotactic Body
Radiation Therapy, SBRT) A] A]"8421 $H83(Compli—
2 x|k 4= 9= A Z}o](Dose Difference)7}
HRAYEE = Q) ol AA] EA) 55-0] W (Vector)
Z]Qlo] ohd = wleK(Superior Inferior, S—1) &A%t
= AlRHe] et E3h s RARAA
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5 038 WY

)= ?j—TL(Phantom Study)2 SHg=]7] wi&
LA}Zo] viAE ATk Alghdo] det &=
A= Eﬂi éjﬂ SHE LGRS 1ot Trigger
mode & A835l= 3R] Al|(Case) S ARSI 2714
0] 61527} o] Boj Ko} & Ao|} B 5B ELHAIAL 2
0|85tz TAE WO = Bf=

2 ATARE B9 5 U2 A0R

= 9138t Trigger mode s
AL A] 7|ZRAE
A,
TEEEPMIAEE 54 & 914 (Phase) 2 5
7](Amplitude) o ARF HAM-E ZARREO =X o Z](Mar—
gin)E 45T 2 i U ARYoln, 55
5 oA} T 7oA UIEEALA(ITV)S A5l 4
FAEGAPTV) AL 4| 914 (Full phase)d]
@4 AP EA8A Hr} A2 g-2jo] At At
o=, g710 S017h= Al WAo] Fof FAE

218315 (Normal Tissue Complication Probability,
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Table 3. Measurement data from reference respiratory rate(20 bpm)

Day 1
S Rt 10 30 40 50 60 e
- 20) (( Ref) 0 Ref) 0 Ref) 0 Ref) 0 Ref) R2T p( e
(mm) (mm) (mm) (mm) (mm) (mm)
10 0.66 0.54=0.02 0.83+0.06 1.07+0.03 0.99+0.15 1.3620.16 0.680 0.00
15 0.90 0.84+0,04 1.1120,05 1.2620.16 1.45+0.23 1.4220.19 0.807 0.00
2.0 127 1.09+0,05 1.45+0,03 1.54+0.11 1.64%0.15 1.93+0,14 0.752 0.00
25 150 1.36+0.05 1.61£0,09 1794027 1.90+0.25 213029 0.859 0.00
3.0 1.66 1.49+0.03 1.81£0.12 1.89+0.19 2.08+0.22 2474103 0.945 0.00
Day 2
1.0 0.68 0.53+0.03 0.70+0.08 1.06£0.16 1214020 1354021 0.956 0.00
15 0.98 0.80+0.03 0.9620.07 121011 1.34+0,17 160029 0.877 0.00
2.0 1.19 1.08+£0.03 1.38+0.13 1.40+0.13 1.43+0.11 1.71+0.33 0.714 0.00
25 1.43 1.3320,03 15740,08 1.69+0,09 1.94%0.12 2.144032 0.724 0.00
3.0 1.65 1.510,04 1.73£0,09 1.89+0,08 2194024 2.36£0.25 0.823 0.00
Day 3
10 07 0.540,02 0.79+0,08 1.0620.12 1.15+0 21 1.3740.17 0878 0.00
1.5 0.85 0.81£0.03 1.16%£0.12 1.37+0.15 1.26+0.18 1.61£0.23 0.977 0.00
20 122 1.1220,03 125%0.11 1.4240.11 1.68+0.31 1.940,27 0.843 0,00
25 134 1.33£0,02 1,550.14 1.67+0.16 2.0240,24 2.24+0.30 0.967 0.00
3.0 1.68 1.5320,03 1.790.10 2.04+0.13 2214015 2.58+0,24 0.950 0.00

*breath per minute(bpm), TThreshold(T), TCoefficient of Determination(Rz)
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Evaluation of the Accuracy and usability of Trigger mode

in Respiratory Gated Radiation Therapy

Department of Radiation Oncology, ASAN Medical Center, Seoul, Korea

Park je wan, Kim min su, Um ki cheon, Choi seong hoon, Song heung kwon, Yoon in ha

Purpose : The purpose of this study is to evaluate the accuracy and usefulness of the Trigger mode for the Re-
spiratory Gated Radiation Therapy (RGRT)

Materials and methods : A QUASAR respiratory phantom that inserted a 3 mm fiducial marker (a gold marker)
was used to estimate the accuracy of the Trigger mode. And the 20 bpm was used as reference respiration rate
in this study. The marker that placed at the center of the phantom was contoured, and the lower threshold of a
gating window was fixed at 2.0 mm using an OBl with Truebeam STx™. The upper threshold was measured ev-
ery 0.5 mm from 1.0 mm to 3.0 mm. The respiration rates were changed every 10 bpm from 10 bpm to 60 bpm.
We repeatedly measured five times to check the error rate of the trigger mode in the same condition.

Result : The differences of a distance from a peak phase to upper threshold, 1.0 to 3.0 mm at a 20 bpm as a
reference for 3 days in a row were 0.68+0.05 mm, 0.91+0.03 mm, 1.23+0.03 mm, 1.42+0.04 mm, and 1.66+0.06
mm), respectively. Measurement result of changes in respiratory rate compared to baseline respiratory rate in
maximum absolute difference. The coefficient of determination (R2) to estimate the correlation between the res-
piration velocity and variation of absolute difference was on average 0.838, 0.887, 0.770, 0.850, and 0.906. The p-
values of all the variables were below 0.05.

Conclusion : Using Trigger mode during respiratory gated radiation therapy (RGRT), accuracy and usefulness
of trigger mode at reference breathing rate were confirmed. However, inaccuracies depending on the rate of
breathing it could be uncertain in case of respiration rate is faster than 20 bpm as a standard respiration rate
compared to slower than 20 bpm. Consequently, when conducting a RGRT using the trigger mode, real time
monitoring is required with well educated respiration.

» Key words : Respiratory Gated Radiation Therapy(RGRT), Trigger mode, Respiratory Rate, Phantom Study
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