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Influence of 4D CT-based respiratory signal acquisition methods on delin-

eation of moving tumor targets
LIU Qiangian, YAO Shengyu, CHEN Xuming, HOU Lingtong, HU Zhekai

Shanghai General Hospital, Shanghai 201600 China
Abstract: Objective To compare the effects of different respiratory signal acquisition methods on the delineation of
moving tumor targets. Methods A cube phantom containing a sphere was placed on a motion platform to simulate respir-
atory movement by setting motion period, frequency, and direction. Respiratory signal was acquired by real-time position
management (RPM) method and GE method independently. Target delineation was conducted using the maximum intensity
projection (MIP) sequence. The difference between the reconstructed volume and the theoretical moving volume was com-
pared under the two respiratory signal acquisition methods for cube and sphere targets. Results  Under the same respirat-
ory signal acquisition method, the same respiratory amplitude, and different respiratory frequencies, reconstructed volume
changes were relatively small. For the sphere target, the deviation between the reconstructed volume and the theoretical mov-
ing volume was —1.5% to 5.7% with the RPM method and —1.3% to —13.8% with the GE method (both P < 0.05). For the
cube target, the deviation between the reconstructed volume and the theoretical moving volume was 0.2% to 0.9% with the
RPM method and —2.6% to 0.9% with the GE method, with no statistical significance. Conclusion  For small-volume
sphere targets, the target volumes obtained from MIP images by the two respiratory signal acquisition methods are both
smaller than the actual moving volume. For large-volume cube targets, there is no significant difference between the recon-
structed and theoretical results with any respiratory signal acquisition method. The RPM method produces smaller deviation
and better image quality when reconstructing small-volume targets.
Keywords: 4D CT; CT simulation; Image reconstruction; Respiratory motion

Corresponding author: HU Zhekai, E-mail: hzk801023@163.com

BT IR T R R IT ORI R T B, 4 60%~ REEM DT T IRROE S, O E R R ILE RS B
70% 1) iR B ) W E RN F R E e iR sh SRR S T SO R AL AR, Y
i, Hﬂ?%%&%%%ﬂ??b %%U“ FEMEFIR Y WlE RS X 2 m 45 R
RV, LR AT B g /b 1E W A 2 &, PRAIEST RO P SRSz kAT AR oS ETE P

fEEEN: xﬂfﬁﬁa (1989—) , &, Ffi, NFHBEHE2EMH T, E-mail: liugg201613@163.com
EEVEL: W51, E-mail: hzk801023@163.com



https://doi.org/10.13491/j.issn.1004-714X.2023.01.008
mailto:hzk801023@163.com
mailto:liuqq201613@163.com
mailto:hzk801023@163.com

- 36 - RS DE 2023 4F 2 %5 32 %55 130 Chin J Radiol Health, Feb. 2023, Vol. 32, No. 1

FCT F4 B o 55— W RIS AH B P g e 1R A
e AR SR A I I 2 R A7 B 2% . PU4E CT(four-di-
mensional computed tomography, 4D CT) £ R 5 4% 4¢
CT AHEL SI N 1 I (R 4EJE, B8 2074 M fili 412 18 2 WPt
FUAE, J0 3L 20 1]~ R ) I R I T SR 4 SR A PR
Wi CT BIME, iz ol e 48 X ) z) m 4 4 1 58 o
EE B PU4E CT A 2 MIF s 5 k& 77 X,
Hrh 4 GE AR5 2 hr1d J732:, 104 55 [H T B2
oy \) I B AS SE AL B B R 4t (real time position
management, RPM) &5 . AW FL4R 1 GE ¥ 22 brid vk
A1 RPM 2% T+ 12 3§ [X /) 1 A% FE () 520, B FE ik 45
BOVREHR EER A T7 10, Al RIS 358 X 2) 1 52 it
BEZ%,

I HRSH®

1.1 ##A%EE O CIRS 008PL MEWRIZEN T4, i%
FEBY A 31k Bz s iR BARIE, £ EF G Lk
BRI, [F I — AN P 45 ] AP IRAE 5
T &, B S E T EIEs 800 L sk
M 3Z % . @ GE Discovery 590RT KL% 4D CT #
oL 7 AL 52 B VU 4E S A5 B R4 . @) CIRS 45 038-
05 KN 635 cm IEJT R (O EANFZEEEREN
3 em (3 SIERROAE R MR A, FSRAEAL 2 FhAS A
RANASF AR BRI BN 7
12 Bt gaz s AR 45 BRNEEE T E
& b, IS SR R A T B R RO A AT
I R 8 55 P fib e 32 Bl RS, 40 ) 1 5 Sk 0 5 1) A
£5 mm. 10 mm. £15 mm 15 5% B8 3 5. 4 s Al
5sMREIZEE. FIH 2 FIFIR (s 5 RE T O F
— #7578 RPM R 40, FIH A4 se 36 BB R B
Tigah & RO thRc s I8 S, Y HEny
W AR 5, A FLRIAR O RPM . BAR IRy
TE/NF- 6 BIE — AN LA i B, 3R
BB LT AN R S SRR AT AME S R Bk
ARV ER I B, i F SR 98 e pi b
(1132 BN i 4 R B WP IRAS 5, CT W& 4 3
RPM R4 INFIRAE 5 Ja R AEHIE . @ 5 = F 7k
GE H IR AE 5 RE T, RWFFLFEFR GE ¥, HAk
WIRONTE/NF & LI 2 — B 22, GE BLAUALIEF 4
AR RIS 2245 5, IRAE 5 L2 A0 F A8 A L i I it
2%, tH GE DU4E TAEW R E iz s B

2 b5 1380 2 ) O T8 A 3 0 % A I ASE A4
F 32 B PR A TR K FLAE CT B0 E A HLAT DY 4
HA, H#EEE KT HREEshEE, E8 25

2.5 mm, PU4E CT TTAF G (4 R il 26, 4 — A8 %
W W S 1 ) P8 B0~ 34 4 e 10 AN IR IRERE AH, Fi 72
TO AR AH, T5 NPFAURIS A 2R )5 i K
R EUG T, TR X )

13 X 48 CTHAMEBREETRE F1ES Be-
lipse13.6 8T KI5 Gk AT 8 X 2y ) f AR AR T T
Y&, 1£ MIP EIME 5 51| v /z) ) 1E J7 4 [ BRAR R JBR AT N
BIIX o AR TR L X g i v A 1, P ) — {7 7 4 W Ui
n) i A AR E B, o) Sk A G — Ab B, R TR R AR
FF—3. RS CT A BHG b2y | RS N IETT
PREE X S ERAEE X, BB EAA R i L B AR A 22
(¥ <19%), REJ5 220 mdEfh v . Hrh RN ias)
R A 3K, W ERFRISME, DL 2 AL
.

14 %t ABEFCKH SPSS 22.0 Gt # itk
70T BIRZ ESMERRAT S IESSM, Hres®
AR GE ¥EFI RPM V2 B 485 =0 /) 1 15 21 1) GTV
PRAR S FR IE B AR AR 22 HEAT O X ¢ Rsn e, o B 7K v
a=0.05.

2 # R

2.1 GTV ZaARAE  ASFEIFPICIR A T BRI IE
7R X AR EAA R 1, SRR RS R IR
L1 A 20 75 RRIRE BIAE R SRR, Bl ST
I I G R 55 388 K, e+ 3R ) 9 BRI 3K, a8 Bl B X
AR R . EIRIEA 5~ 15 mm, BRIAHE X 2530 5
F 1L AR FRAR AL AE 509%~ 150%; 1F J7 fAR#E X A& FAAR 1k,
TE 16%~47% . H [F WIS B2, A [R] W IR 430 26 1) o 2
PRAR 22 AR/ o

T AIRPIIER AR 5 R AT R BRI
TEJ7 RS IX F AR AN

Table 1 Reconstructed volumes with different respiratory signal
acquisition methods for sphere and cube targets

BRARELX fom® IEJFREE K fom®
Gk & /mm
RPM GE RPM GE

5 20.69 19.67 298.99 298.87
3s 10 27.13 2437 337.20 327.79

15 33.77 33.54 378.10 371.46

5 20.77 19.13 298.78 295.67
4s 10 21.78 27.05 338.06 327.79

15 34.20 34.07 377.58 373.21

5 21.34 2091 296.97 298.35
5s 10 27.56 24.99 337.57 337.84

15 34.78 34.86 371.78 374.53
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Figure 1 Comparison of reconstructed volume and theoretical
moving volume of sphere target under different breathing states
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Figure 2 Comparison of reconstructed volume and theoretical
moving volume of cube target under different breathing states
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Table 2 Comparison of reconstruction volume and theoretical
moving volume of targets in different respiratory periods using

RPM method and GE method
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Table 3 Comparison of absolute reconstructed volume devi-
ation using RPM method and GE method (X+s)
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