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Fig 3. Amplitude %Phase Difference

Table 1, Difference (Unit in centimeter(cm))

Nl’hase 0% 30% 40% 50% 60% 80% RMS

1 0.00 0.23 0.08 0.00 0.02 0.07 0.13
2 0.00 0.12 0.11 0.00 0.15 0.11 0.13
3 0.00 0.20 0.16 0.00 0.22 0.10 0.17
4 0.00 0.17 0.01 0.00 0.19 0.16 0.15
5 0.00 0.17 0.13 0.00 0.10 -0.05 0.12
6 0.00 0.13 0.04 0.00 0.04 -0.03 0.07
7 0.00 -0.07 -0.03 0.00 0.09 -0.12 0.08
8 0.00 0.10 0.07 0.00 0.07 -0.05 0.07
9 0.00 0.24 0.11 0.00 0.11 0.22 0.18
10 0.00 0.11 0.10 0.00 0.10 0.08 0.10
11 0.00 0.04 0.09 0.00 0.09 0.05 0.07
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Table 2, %p Phase Difference (Unit in ratio(%))

Npha% 30% 40% 60% 80%
1 10.9 3.8 0.9 3.6
2 7.7 7.4 -10.0 7.3
3 9.0 7.2 -10.0 4.8
4 9.1 0.6 -10.0 8.1
5 13.2 10.0 7.7 4.1
6 10.8 33 3.3 2.5
7 5.8 2.5 7.5 10.0
8 8.3 5.8 5.8 4.2
9 16.5 7.9 7.9 -15.4
10 11.2 10.0 -10.0 7.5
11 48 10.0 -10.0 -5.0
& ZH 3 Sirt. [Figure 3] SHARE, 2 ATl F 2 S g5shed jlo,
Gde] 54 A oM e Arl HatFE F Fog 53}
AL, o] kAol Alz=ElolA A E HolAE Bl o=
4 3 574 ZAENA Y A Wzl 1F go 5=
2ol 2A3F et
7% B3 9 Wl o g Alaket 71k Al 93] E3F RPM A=l 7 Hdatks) @ Bof X875 153}
S} 3 30% FellA] 0.24 cm 2 71 AA YRR en], o AL ARSI S Jde] AS o R ZAAL
A A4 30% AFelA 0.13 em 2 7P 2 veht iIskE e ek B3] 9 TRl shtel =
o} Zh gxbe] AAF AlF e HEow ik o) %M A FE ARSI AR s wtey, 2 AT e 54
F2E 2 0.7 cm, AW 0.18 cm, HiF 0.12 cm, EFA YA TF F2US o|&3ke] AU AN 2 oA
2} 0.4 cm & YRS [Table, 1] T 35 AU I3 Ul A7) 2ol #ek o
F7F obyaL, o BAAE o] 48 FFEF WA AR
A% 71 E ZE ek AR LGS EZ G Y2 AT o g = F de 7 2 T A Aolg A4S AT
3 Gl TY S A AA7E M RS 30% §1 o]7] wliell B ATl B WL gt o gd
FollAl it 8.7% (A 16.5%)= 7Hg 2A vepgoh A o
A 5% TN FE A ol 0.4 om, FE A Aol B AToINE FUT A P ol 8ate] W 7
£13.0% 9L g2l 3ttt [Table.2] A 2 3RS AT A AP EE A e
< Zo7] ol AHEEE EFATEAMIA 5] HAMI =
AF BFNE TG 40% ~ G0%E AHEE A, N B
ZE gl pi W2l A o] 91 Tt 42.8~52.4%2] $ 7S <fv]dh
o, w3, 5 9o 94 719 20%2] Duty Cyclee] 29
B AT Ao 2 AA JFE vl Al 2"g st X1E 2 A, Het 6.7% (H9, 0 ~ 15.3%)2] Duty
AT IS AR B3 AT M mE AL AAE 5+ Cycle Zol AT S glov], o) AR A AP
ok B AT AR AE B3 o) A, 5 A Aol HUF F glo], aFFRPAAAR A 2F A
Qel Ao 715t Al 2718 5Fo A ATolgk /b B3 dalo] U F&A ols)E o= & gHgol
Aslo] Alxket Aolu g Zhzhe] WAl o 2 AFAS Ak s}
W32 g ALE3E Ao} 2ol AR £ Urk.
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Abstract

Evaluation of difference in respiratory phase
between amplitude- and phase-based
four-dimensional computed tomography

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

So Hyang Lee, Soo Yeon Park, Jong Sik Kim, Byung Ki Choi, Hee Chul Park, Sang Hoon Jung

Purpose : Under the assumption of change to the amplitude based sorting, the study will use four dimensional computed
tomography imaging (4DCT) arrayed using the phase based sorting to analyze the respiratory phase difference,

Materials and Methods : The study analyzed the 4DCT (4-dimensional computed tomography) images of 10 liver cancer
patients that were treated with respiratory gated radiotherapy from 2015 February to March, Using RPM respiratory gating
(RPM 1.7 5, Varian, USA) equipment, imaging according to respiratory cycle of phase based sorting was acquired and using a
treatment planning system (Pinnacle 9.2, Philips, USA) the acquired imaging according to respiratory cycle was used to
measure the abdominal movement value by respiratory cycle, The measuring point was the point where the center point of the
Marker Block and the body surface met in the 50% phase image and here the coordinate values Lateral, Vertical, Longitudinal
(X, Y, Z) were set as reference points, and on the X, Z plane identical to the reference point, using the identical method the Y
axis coordinate value of each 0%, 30%, 40%, 50%, 60%, 80% phase images were acquired to quantitatively measure the
variation of distance to the Y axis, The abdominal movement value according to respiration was applied to the theoretical model
that the value decreases linearly from maximum inhalation to maximum exhalation to divide the variation of my value to predict
as amplitude value by respiratory cycle and conversely the variation in amplitude was recalculated with the phase variation
deviation value to analyze,

Results : The deviation value between expected value and actual location was the largest in the 30% phase with 0.24 cm, and
standard deviation was also the largest in 30% phase with 0,13 cm_ The effective value of the deviation value derived from the
average of the deviation squared value of each patient appeared as minimum 0.7 cm, maximum 0,18 cm, average 0.12 cm,
and standard deviation 0.4 cm, Also by dividing the actual movement distance value with the peak expiration value then
converting it into %Phase, the deviation value with actual phase 16.5% in 30% phase, 10.0% and 40% phase, 10.0% and 60%
phase, 15.4% and 80% phase, and overall average about 13%, and arraying based on amplitude, phase shift occurred and
further it was from peak expiration the chance of deviation occurrence was increasingly measured,

Conclusion : Based on the results of the study there were differences between value acquired based on theoretical model and
actual value, Therefore in respiratory gated radiotherapy using external surrogates, there needs to be establishment of
respiration gated radiation system that avoids the combination of two Sorting methods considering that there will be
occurrence of treatment and corresponding clinical differences due to the phase difference that occur due to the Amplitude
based Phase Sorting,

Keyword : 4DCT, Respiratory Motion, Respiratory Gated Radiotherapy, Amplitude based Sorting, Phase Based Sorting
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