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Combination of Smart Phase and Snap-Shot-Freeze Technique Can Correct
Image Motion Artifact for Prospectively Gated Coronary CT Angiography*
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ABSTRACT Objective: To evaluate value of combination of smart phase and snap-shot-freeze (SSF) techniques in improvement of
image motion artifacts in prospectively gated coronary CT angiography (CCTA) by using a 256-row CT scanner. Methods: Coronary CT
angiography was performed in 94 patients with suspected cardiovascular disease by using a 256-row revolution CT scanner. All patients'
original images were reconstructed by using smart phase, SSF, smart phase and SSF, respectively. The original image (Group A), smart
phase image (Group B), SSF image (Group C), smart phase and SSF image (Group D) were imported into the GE AW4.6 workstation.
Then image quality of right coronary artery(RCA), left anterior descending artery(LAD) and left circumflex artery(LCx) were evaluated
by two experienced readers on GE AW4.6 workstation. Subjective evaluation of the image quality were performed using 5-point scale
method in four groups. The CT attenuations and standard deviations of aortic root and anterior chest wall muscle were measured, and
then SNR and CNR were calculated and analyzed. Results: The scores of the RCA, LAD and LCx of the coronary artery in group A were
significantly improved after the smart phase processing (P<0.05). The image quality scores of the three branches of coronary artery in
group A and group B were obviously improved after motion correction using SSF technique(P<0.05). The image scores obtained by smart
phase combined with SSF technique were the highest in all groups, and there were significant differences between the other groups(P<0.05).
Conclusion: Smart phase combined with SSF technique can significantly improve the motion artifacts of prospectively gated CCTA by
using revolution CT, which is worthy of widely clinical application.
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gating I ARAFARWIAR O b 7 AR AR . FRATLIE  fF, B TAMIKR - Smart phase Sl i F 2 Z WA, IF A 3)
SR AN TR BRSO iR TP GE S O U0, (RS LR BT AR BB SR T oy , BUE RO AR AT Bl R
A R R R T RE S A AR AR A, INITTSE B A Bh e E 193140 A smart phase FORBEAT S HEIAHIERR R, SHATHER 1]
BRI A —E R B G TOE R A, DI, AT HIAREA9AT 90 61(96.8 %), 45 R s = SRR Sl bk 3 M- 7)
TE— AN RIS 8] DX ] N HEA TR R A o WAL T Bl P Al IR RS RIEh(P<<0.05) X IESE T smart phase AJ [ 3]
A ZAE SR BRI 18], ELXT PR B WA WA 0 AL e Pt U, W s SR Sl DK IR A i

1 3% A smart phase, SSF AbI8 j5 X R B 1%
Fig.1 Representative images processed with smart phase and SSF
E:0 ABEREHIEMES;0 smartphase BRIRERBEFEEHER;0 HEo £id SSF FERBENES;0 Eo £ SSFHIERFBEINE
%o Eo -0 HAIAEL -0 MMAHFINEFRBUER, Eo -DAE -0 MERABFEINES TAERE R, B RaDTREK,
Note: 0 original image, @ image with smart phase, ® image of @ with SSF correction, @ image of © with SSF.® -6 volume rendering (VR) image

of 0 -0 , respectively. ® -@ Multi-planar reconstruction(MPR) image of 0 -0 , respectively. White arrow indicate the right coronary artery(RCA).

® 1 BANEGREINTSER

Table 1 Results of subjective image quality evaluation in different group

RCA(%) LAD(%) LCx(%)
Groups
2 3 4 5 2 3 4 5 2 3 4 5
A 25.8 26.9 323 15.1 7.5 16.1 39.8 36.6 5.4 21.5 36.6 36.6
B 5.4 18.3 55.9 20.4 43 12.9 41.9 40.9 1.1 14.0 41.9 43.0
C 9.7 10.8 40.9 38.7 32 6.5 38.7 51.6 32 10.8 323 53.8
D 1.1 6.5 40.9 51.6 32 5.4 323 59.1 1.1 6.5 31.2 61.3

Note: The ratio of good and excellent image quality of RCA, LAD and LCx increased gradually in group A, B, C and D, respectively. The group D was the
highest ratio of good and excellent image quality, which was statistically different from other groups respectively (P<0.05). 2, 3, 4, and 5 indicate different

score values.

2 EHAEGHNEF SNR F1 CNR 3Lk
Table 2 Comparison of noise, SNR and CNR in different group

Groups N SNR CNR
A 3437+ 5.16 14.03+ 2.71 1241+ 2.57
B 34.98+ 5.22%* 13.75% 2.69* 12.17+ 2.59*
C 3431+ 5.14 14.05+ 2.74 12.44+ 2.60
D 35.20+ 5.24* 13.65+ 2.60* 12.10+ 2.53*

Note: *P<<0.05 compared with group A.
SSF FASE—Fh BB MRS ki shfr IE D7 i, B RTS8, BRIIE 18— 20 RSl bkAd T AR X AR, SRIE AR 3l ik

RBRAS T B I Bz shPLEAATIBER AR " RRHL " —FEA BERTMTSR . AR SSF £ smart phase i fifi 4]
Byl XA 2R EDIR SRR 23 323 5 A TR BERYIZ ShIB BRVRAS L AHIERE RN RIS ARG S EA T I, 2 BB IE 1) PR 5
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SR, O R AR IE RS 2 (P<<0.05), 5 AT SCRk
HOEAHFF, Smart phase k& SSF Hi AR XS FUR AT IEZ
J& AEITA PUZH PR BT PP S , HE LAD .RCA FILCx
AL BN E00 59 86(92.5 %) .85(91.4 %) I 86(92.5 %),
S T = 4L(P 39 <0.05) . {HIRA1EBAAG — %
LAD H 4 5388 3 75, e I U BL, th TR T 4= A i 2 7R
PN ] DX (]S HE K, 2 smart phase $E7F AR IE4F 7%
NGRS SSF i AYWIAH A AL & 1 RCA fAEWIAH, (2
A LAD SRAERIIAR, RIS 2T A B R 200 S ry e
T B A OL , AT 70 0 2 P o AR A v o
14 P B 1A T Ak P A
AR AR R (A )2 SSF HARKR IE 5 1Y 151 {5 1
75 .CNR F1 SNR J¢ B 5 25 4k, , smart phase £ (B £ )% SSF ¥
ARHFIEJG Y PR 75 CNR JEH AR Tk . AR 25 2 PRI 15
7 SNR Fl CNR B HA G285, (BRI X {22 S 5
(ZESI/INT 5 %) o X —EREHIRHA] SSF HARA 252 i K5
Y% WL, T smart phase 23520 [ 1 9 2 UL BT i, ELR X Fl
SN <5%) I, R A smart phase B4 SSF B 5 EI4
BT R TC I S e, AN RIS WK
K2, smart phase Bk £5 SSF A XT [ i P CCTA &%
BATRAESS , = SOER SR AT 23 e B AY LA LRI
B, MR BTS2 TR W R A BGE , W R R S T AR
ROR AAAHEIRIRT ZHE) o AR TS it — o IR
BEATOM A ARSI A T 1 — PR FITA
% # 3 #f(References)
[1] He J, Gu D, Wu X, et al. Major causes of death among men and wom-
en in China[J]. N Engl J Med, 2005, 353(11): 1124-1134
[2] Forte E, Monti S, Parente CA, et al. Image quality and dose reduction
by dual source computed tomography coronary angiography: protocol
comparison[J]. Dose Response, 2018, 16(4): 1559325818805838
[3] Mander GTW, Dobeli K, Steffensen C, et al. Diagnostic accuracy of
computed tomography coronary angiography utilizing recent ad-
vances in technology in patients with high heart rates: a systematic re-
view protocol[J]. JBI Database System Rev Implement Rep, 2019, 17
(7): 1312-1318
[4] Nerlekar N, Ko BS, Nasis A, et al. Impact of heart rate on diagnostic
accuracy of second generation 320-detector computed tomography
coronary angiography[J]. Cardiovasc Diagn Ther, 2017, 7(3): 296-304
[5]1 3, Bk, 24, F. FrimtEEas 5o LT gk ik
CTA ¥4 & A[J]. B R B 54 5 72 &, 2018, 41(05): 503-507
[6] Fik, F&F, MR, 5. AW FRRE T AR CT w8 mif
8 TTAT BT R [T]. 9% £ 4 [ 3 3 J&, 2018, 18(19): 3661-3664
[7] FRA I Fer 2t BRI IR CT- M2 BN 3 0 #T AR [J] E

SRR A SR, 2019, 32(03): 225-229

[8] &, At S FPJA T keI TE [J]. #ERAIE,
2019, 10(07): 551-555

[9] 4o, &, 27 F, & LA AM CT BRAIABA A
sl & T AT AR (0] P B EF BT RE, 2018, 26
(10): 767-771

[10] Smettei O, Abazid R. Coronary computed tomography angiography
(CCTA) quality [J]. Journal of the Saudi Heart Association, 2018, 30

(4): 356-357
[11] EJ%, ook, BvF, . BRFIREIR A EHRKEDBE S S

142 F B &Mk CTA G o9 5 R A [I]. 404 5 52 3%, 2017,
32(04): 427-430

[12] LiangJ, Wang H, Xu L, et al. Diagnostic performance of 256-row de-
tector coronary CT angiography in patients with high heart rates with-
in a single cardiac cycle: a preliminary study[J]. Clin Radiol, 2017, 72
(8): 694.¢697-694.¢614

[13] Mushtaq S, Pontone G, Conte E, et al. Low-dose coronary CT an-
giography in patients with atrial fibrillation: comparison of image
quality and radiation exposure with two different approaches[J]. Acad
Radiol, 2019, 26(6): 791-797

[14] Hassan A, Nazir SA, Alkadhi H. Technical challenges of coronary CT
angiography: today and tomorrow [J]. Eur J Radiol, 2011, 79 (2):
161-171

[15] Wang H, Xu L, Fan Z, et al. Clinical evaluation of new automatic
coronary-specific best cardiac phase selection algorithm for sin-
gle-beat coronary CT angiography [J]. PLoS One, 2017, 12 (2):
e0172686

[16] Stassi D, Dutta S, Ma H, et al. Automated selection of the optimal
cardiac phase for single-beat coronary CT angiography reconstruction
[J]. Med Phys, 2016, 43(1): 324

[17] Fan L, Zhang J, Xu D, et al. CTCA image quality improvement by us-
ing snapshot freeze technique under prospective and retrospective
electrocardiographic gating[J]. ] Comput Assist Tomogr, 2015, 39(2):
202-206

[18] Gao JH, Chen XX, Wang GS, et al. Study of cardiac motion-correc-
tion algorithm-Snapshot Freeze in coronary CT angiography [J]. Chi-
nese Journal of Medical Imaging Technology, 2014, 30 (12):
1822-1826

[19] Riata, TAE, thf, 5.256 & CT A0 3 B I AR IRORAE A
Byes A & P R R 4 TATHAR L] AR A 5 4 &, 2017, 51Q2):
108-113

[20] Liang J, Wang H, Xu L, et al. Impact of SSF on diagnostic perfor-
mance of coronary computed tomography angiography within 1 heart
beat in patients with high heart rate using a 256-row detector computed

tomography[J]. J Comput Assist Tomogr, 2018, 42(1): 54-61



