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The objective of this study is to investigate the difference of ITV lengths and ITVs between 4DCT and Slow-CT
images according to respiratory patterns using a respiratory motion phantom. The respiratory periods 1~4 s
and target motion 1~3 cm were applied on each respiratory pattern. 4DCT and Slow—CT images were acquired
for 3 times. 4DCT and Slow—CT ITVs were measured with contouring the target in the Eclipse RTP system. The
measured ITV lenghts and ITVs in 4DCT and Slow—CT images were compared to the known values. For the ITV
lengths and ITVs in the 4DCT, the difference of them were reduced as the respiratory period is longer and target
motion is shorter. For the Slow-CT, there was same tendency with change in 4DCT [TV lengths and ITVs about
target motion. However, the difference of ITV lengths and ITVs for the respiratory periods were the lowest in
respiratory period 1 second and different slightly within respiratory period 2-4 seconds. According to the
respiratory patterns, pattern A had the highest reproducibility. Pattern B, C and D were showed the difference
similar to each other. However, for pattern E, the reproducibility was the lowest compared with other four patterns.
The difference of ITV lengths and ITVs between Slow—CT and 4DCT was increased by increasing the respiratory
periods and target motion for all respiratory patterns. When the difference of Slow—CT ITV lengths and ITVs were
compared with that of 4DCT ITV lengths and ITVs, Slow-CT ITV lengths and ITVs were approximately 22 % smaller
than 4DCT, and the representations of target were different in each pattern. In case of pattern A, B and C,
length difference was 3 mm at S (superior) and | (inferior) direction, and the length difference of pattern D was
1.45 cm at only “I” direction whereas the length difference of pattern E was 5 mm longer in “S” direction than
“I” direction. Therefore, the margin in Sl directions should be determined by considering the respiratory patterns
when the margin of Slow—CT is compensated for 4DCT ITV lengths. Afterward, we think that the result of this
study will be useful to analyze the ITV lengths and ITVs from the CT images on the basis of the patient respiratory
signals.
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Fig. 1. QUASAR™ Programmable
Respiratory Motion Phantom (left)
and RPM Respiratory Gating sys-
tem (right).

Fig. 2. Definition of ITV length
and ITV.
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Table 1. Theoretical value of ITV length and ITV.
Target motion (cm) Pattern E
! 2 3 0 10 20 30 40
Known ITV length (cm) 4 5 6 Percentage (%)
Known ITV (cm’) 21.21 28.28 35.35
Fig. 3. Distribution of patient respiratory patterns.
Insp Insp Insp
Exp Exp Exp

Insp

Exp

@

Insp
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O,

Fig. 4. Computed respiratory patterns. (a) sinusoidal pattern, (b) inspiration shorter than expiration, (c) inspiration longer than
expiration, (d) inspiration shorter than expiration followed by rest period, (e) inhaling gradually after inhaling rapidly. The “Insp”
means for inspiration and the “Exp” means for expiration.
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Fig. 6. Plot (a)-(d) illustrate the
change in ITV length for Slow-
CT, and plot (e)-(h) illustrate the
change in ITV for Slow-CT. In
(@)-(d) table, the horizontal line
at 0 mm and 100% represent no
change from known ITV length
and ITV.
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Fig. 8. The window level are —500, —600, —700 from left,
respectively. Plot (a), (b) are images of pattern A and E at
target motion 3 c¢m, respiratory period 3 seconds.
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Table 32 3 FF7|7}F 3ol 42 AHZo] 3 cm ¥
u] 4DCTS} Slow-CT °37ollA] sedol] whe} 4, 3} whdkell
tete] FAe] A o] delRle HojFrh 4DCT9} Slow-
CTZHE] ITV Zo] 9] o] Table 2014 H& nlol o] &
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771 3%, A% 3 cm® A5 A ALY A5 16%, B, C,
Edelol|A] <F 18%, DIElS] 79 28%5 Hlch 2t
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|l e] A5 A, 8l Wikel]l tigte] 3 mm osle] Xpo] & K
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sl kel 7§ 145 emE 4, 31 Wkl digte] A ohE
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= A% i, £49 3 YE 23] A, B, CHlRlA]
= Al F71¢ 700l §L4E vl EE FE AFsIA E
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o7 okt

B o= 4DCTE} Slow-CT %3/l vt 349 &
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S

Table 2. The difference of ITV length and ITV between Slow-CT and 4DCT according to respiratory patterns, respiratory
period and target motion. The “( )” means the positive values and the other means that negative values.

RP 1s 2s 3s 4s
™ Pattern le];lgthng/i) Diff ITV (%) le];ghn(z/{)) Diff ITV (%) lzlghIT(z/{)) Diff ITV (%) lzléith(;) Diff ITV (%)
1 cm A 0.83 (0.90) 8.83 15.85 8.89 17.33 13.02 19.37
B 0.68 5.69 8.39 13.78 13.83 18.75 12.56 18.79
C 0.00 (0.67) 8.48 11.79 12.06 17.59 10.73 19.16
D (0.20) 0.00 1117 15.67 9.34 18.57 14.48 23.09
E 0.21 2.66 3.45 11.80 491 16.96 10.36 19.21
2 cm A 0.79 0.79 10.90 19.61 14.38 2491 12.84 26.37
B (2.03) (1.57) 8.30 17.77 15.13 25.61 13.81 26.46
C 791 5.58 3.62 20.17 21.55 25.95 21.50 29.06
D (7.92) (1.51) 19.05 24.85 17.09 28.51 21.72 30.67
E 9.19 10.89 9.02 18.46 15.83 24.34 19.99 29.10
3 cm A 1.29 1.51 13.18 20.76 15.81 27.91 15.75 30.28
B 412 7.51 14.50 26.38 17.97 32.05 20.18 33.91
C 4.80 9.61 13.49 26.77 18.86 31.77 23.51 35.55
D 6.05 7.72 14.88 26.15 28.18 42.26 20.92 35.68
E 8.09 8.74 16.39 26.64 18.30 30.63 26.07 37.24

RP: Respiratory periods, TM: Target motion.

Table 3. Measured Slow-CT different length for 4DCT at Sl directions when respiratory period is 3 seconds and target motion
is 3 cm. In the table, the “S” means for superior direction and the “I” means for inferior direction.

Pattern A B C D E
Direction S 1 S 1 S 1 S I S 1
Length (cm) —0.59 —0.29 —0.30 —0.53 —045 —0.49 0.00 —1.45 —0.72 —0.22
Error (cm) £0.01 £0.01 +0.01 +0.01 £0.01 £0.05 +£0.00 +0.07 +0.12 £0.01
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