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Synchrony®
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controller,
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®
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Fig. 1. Diagram of CyberKnife Synch-
rony system and accuracy of corre-
lation and synchronization. (a) Dia-
gram of Synchrony system in Cyber-
knife. (b) Analyzation of correla-

tion and synchronization error.

Fig. 2. Moving phantom with
IMRT phantom. (a) Verification of
Gold marker position. (b) Moving
@ Phantom (Standard Imaging Inc.
USA).
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Fig. 3. Respiratory gating system
(Anzai Inc. Japan). (a) Pressure
sensor. (b) Laser sensor. (c) Recei-
ver and amplifier.
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Fig. 4. Plan using 4D CT images and target optimization. 500
cGy prescription at 80% isodose line for film measurement and
1,000 cGy prescription at 80% isodose for ionchamber.

Table 1. Difference of synchronization® between synchrony
and TLS (target localization system).

Synchronization (mm) Desynchronization (mm)

0.14+0.08 11.5+3.09

*Difference of synchronization= Vie—2 )2 +y—y )2 +(—2)2:
X, ¥, z from TLS and X/, y’, 2’ from Synchrony.
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Fig. 5. Difference of dose distribution in central axis at sagittal
plane. Comparison of static target and moving target plan at
80% isodose.

Table 2. Difference of static and moving for target.

Static-target =~ Moving-target  Difference
(mm) (mm) (mm)
Plan 14.68 14.86 0.18+0.06
Film (measurement) 14.12 13.49 0.63+0.09
Difference (mm) 0.56+0.08 1.37+0.11

In moving target, it used 4D CT image and Synchrony. Differ-
ence is the value of analized 80% isodose line for prescription
dose (500 cGy).

3} olg Al ol&stglon] 248 Age 80% AF
1=}
o

INFARAL THFEAFARA FEe] F)3o
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AT THEANZARA) E8 §7ol vjsjo] vl
A3t Aol BERol vfeto] E713h §Foll viele] 2

= L}EMW\:}(Tame 0.

3w AAGdA Y 343 4D CTE o] &3 53¢
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Z5t7) el X BAYA 80% AHREE vy Ay}
T 0.18+0.06 mme] xto] 5 vrehH ] 4D CTell &3 +
ol Ex 5o ofito] ufg- AzHerg ok = o rhFig.
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Fig. 6. In static target, difference of dose distribution in central
axis at sagittal plane. Comparison of plan and measurement at
80% isodose.
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Fig. 7. In moving target, difference of dose distribution in
central axis at sagittal plane. Comparison of plan and mea-
surement at 80% isodose.

5, Table 2).

w3 SFETIFHEA ] ZEA
FEol AAGH] 54 A% &
o] 83 FAolt HEEY Z4 A7 A% 1 mm o]
2 vl AgstA Vel (Table 2, Fig. 6~8).
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Fig. 8. Difference of dose distribution in central axis at sagittal

plane. Comparison of static and moving target measurement at
80% isodose.
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Fig. 9. Difference of dose distribution in central axis at sagittal
plane. Comparison of synchronization and desynchronization at
80% isodose.

Table 3. Difference of synchronization and desynchronization
for moving target.

Plan Film-measurement Difference

(mm) (mm) (mm)
Synchronization 14.86 13.49 1.37+0.11
Desynchronization 14.86 32.25 17.39+0.14

Plan used 4D CT image. Difference is the value of analized 80%
isodose line for prescription dose (500 cGy).

2 W 0.68+0.38%, THFEIIFHAAE o] &3 FH ol
EEEoNAE 1.3140.81%2] xo]E Ul th(Table 4).
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Table 4. Difference of absolute dose in target.

Static-target Moving-target Difference
(cGy) (cGy) (%)
Plan 1,030.49 1,043.79 1.29+0.56
Measurement 1,037.51 1,057.43 1.92+0.97
Difference (%) 0.68+0.38 1.31+0.81

In moving target, it used 4D CT image and Synchrony. Differ-
ence is the value of analized 80% isodose for prescription dose
(1,000 cGy).
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Estimation of CyberKnife Respiratory
Tracking System Using Moving Phantom

Jae-Hyuk Seo*", Young-Nam Kang, Ji Sun Jang™", Hun-Joo Shin*", Ji-Young Jungﬁ,
Byong-Ock Choi™, Ihl-Bohng Choi*, Dong-Joon Lee ' Soo-Il Kwon', Jong-Soo Lim

*Cyberknife Clinic, Wooridul Spine Hospital, TDepartment of Radiation Oncology,
TCyberknife Center, Seoul St. Mary's Hospital, The Catholic University of Korea College
of Medicine, Seoul, §Department of Radiation Oncology, Incheon St. Mary's Hospital, Incheon,
! Department of Neurosurgery, llsan Paik Hospital, College of Medicine, Inje University, Goyang,
IDepartment of Medical Physics, Graduate School of Kyonggi University, Suwon, Korea

In this study, we evaluated accuracy and usefulness of CyberKnife Respiratory Tracking System (Synchrony™,
Accuray, USA) about a moving during stereotactic radiosurgery. For this study, we used moving phantom that
can move the target. We also used Respiratory Tracking System called Synchrony of the Cyberknife in order
to track the moving target. For treatment planning of the moving target, we obtained an image using 4D-CT.
To measure dose distribution and point dose at the moving target, ion chamber (0.62 cc) and gafchromic EBT
film were used. We compared dose distribution (80% isodose line of prescription dose) of static target to that
of moving target in order to evaluate the accuracy of Respiratory Tracking System. We also measured the point
dose at the target. The mean difference of synchronization for TLS (target localization system) and Synchrony
were 11.51£3.09 mm for desynchronization and 0.14£0.08 mm for synchronization. The mean difference between
static target plan and moving target plan using 4D CT images was 0.18+0.06 mm. And, the accuracy of
Respiratory Tracking System was less 1 mm. Estimation of usefulness in Respiratory Tracking System was
17.39£0.14 mm for inactivity and 1.37£0.11 mm for activity. The mean difference of absolute dose was
0.68+0.38% in static target and 1.3110.81% in moving target. As a conclusion, when we treat about the moving
target, we consider that it is important to use 4D-CT and the Respiratory Tracking System. In this study, we
confirmed the accuracy and usefulness of Respiratory Tracking System in the Cyberknife.

Key Words: Stereotactic Radiosurgery (SRS), Moving phantom, Cyberknife, Respiratory Tracking System
(Synchrony), Target localization system (TLS)
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