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[Abstract] Objective To observe the value of subtraction coronary CT angiography (sub-CCTA) obtained with single
and two times breath-holding for evaluating severe calcified coronary stenosis (Agatston calcification score=>400). Methods
Data of CCTA and invasive coronary angiography (ICA) of 60 patients with suspected coronary artery disease were
retrospectively analyzed. The patients were divided into single (n=32) and two times breath-holding group (n=28)
according to the method of single or two times breath-holding during scanning. Coronary segments with CCTA showed
severe calcifications were analyzed, and the image quality scores of conventional CCTA (con-CCTA) and sub-CCTA were
compared. Taken ICA results as golden standards, receiver operating characteristic (ROC) curve was drawn, and the area
under the curve (AUC) was calculated to assess the efficacy of CCTA for diagnosing target segments stenosis rate =>50%.
Results In single breath-holding group, 134 coronary segments were found with severe calcification using CCTA,
including 78 segments showed stenosis rate =>50% evaluated with ICA, the image quality score of con-CCTA was 3.0
(2.0, 3.0), lower than those of sub-CCTA (3.0 [3.0, 4.0], Z= —7.037, P<C0.010). In two times breath-holding
group, 127 coronary segments were found with severe calcification using CCTA, including 74 segments with stenosis rate
>=50% evaluated with ICA, the image quality score of con-CCTA was 3.0 (2.0, 3.0), lower than those of sub-CCTA
(3.0[3.0, 3.0], Z=—5.011, P<<0.010). AUC of con-CCTA in single (0.780) and two times breath-holding group
(0. 767) for assessing coronary target segment stenosis rate =>50% was lower than those of sub-CCTA (AUC=0. 903,
0.898, Z=4.198, 3.470, both P<C0.010). The image quality score of single breath-holding sub-CCTA was higher than
that of two times breath-holding sub-CCTA (Z= —2.954, P=0.030), while there was no significant difference of the
accuracy of diagnosing target segment stenosis rate ==50% between groups (Z=10.129, P=0.900). Conclusion The
diagnostic efficacy of single and two times breath-holding sub-CCTA for assessing severe calcification coronary segment
stenosis was similar, but the former had better image quality.
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L ZE] B X0 SR B A S IR 507 B3R 15 080 IR 3 ik CT 1l 8 & % (sub-CCTA) X 3% il ™ 5 45 1k,
(Agatston 85 FSF > 400) AR SRR B AE (. Foik  WUBME S 7 60 61l SE 12 5600 R CCTA B AR A 5 IR 3h ik i
5 (ICA) BORE AR 54 07 35 40 M BLIR B RAL (n=32) IR Bt R4l (n=28) . X CCTA 7R ™ 585461 B, % L 2 41
#HL CCTACcon-CCTA) Al sub-CCTA EMG T 3F 45 ; LA ICA 4558 AdniE, 26l ik # TEFIE(ROO L, i+ B ML T
HA(AUC , 774 CCTA 2B HFr 15 BRI AE R =500 Maife. &R SRR GEA T, CCTA A 134 A5tk sl Ik Bt
TEAE ™ E 854k, Horp 78 M7 BE ICA BR B4 =509 5 con-CCTA B & 34> H 3. 0(2.0,3.0) ik T sub-CCTA[3.0
(3.0,4.0),Z=—7.037, P<<0.010], PR H, CCTA Fek thh 127 A5 AR 3 ik W5 BeAF 72 = EH A5 4k, Hoh 74 0B
ICA BRBEAEFHR =50%;con-CCTA B4 B 8174 H 3.0(2.0,3.0) & F sub-CCTA[3.0(3.0,3.0), Z=—5.011, P<<
0.010], con-CCTA PFAK BLY P Bt S 4 H A3 15 BE B 78 8 =502 (1 AUC (0. 780, 0. 767) #{K T sub-CCTA (AUC=
0.903.0.898, Z=4.198,3.470, P # <C0.010), H & JF K sub-CCTA K% i & ¥ 4> & T W K 5t K sub-CCTA

(Z=—2.954,P=0.030), M2 W Hbr W B AR =50 UM R Z R LS %8 L (Z=0.129,P=0.900), &ig #H
WS WK sub-CCTA JEA 7™ 545 1k 60k 3l Ik 45 B e 78 5 B 2B AR 075 . (ELRT & R B o 4
(gl Rshbkpgem; R ah ki Fmihl; Wi AR 5 ULE i

(HESES] R714.252; R814.42 [XHA#RIRAE] A

gaf Mk 3 Bk CT il 4 & % (coronary CT
angiography, CCTA) 2 W5 0 9 1 BH 1 7000 (B © 3k
9526 ~99 %0 )7z F T VA e i e JUE g 6 S R Bl
Tk &5 5 Ty gt s {0 B 56 R 3h Bk 45 4k (coronary artery
calcification, CAC)™ AJ 7 2 56 4 i £k £h 52 F B 7 %5
AR 45, % 5t AR 3 ik ™ H 45 £k ( Agatston %5 £k 43
=>400) F A HEFE CCTAY, 3% CCTA (subtraction
CCTA, sub-CCTA) i iz XoF Lt 1 3 B 4 4 5 - 39 4K
3 S AR 25 Bk CACH, XAl e IR 3 ik 48 1 e 7 45
HA R EMET . A5 LU A P AR 3h Bk i 5
(invasive coronary angiography, ICA) MHRrUE , X} Lk B
WIS sub-CCTA PEA ™ 5485 1k 76 1k 3h ik gk
YA
1 #REFE
L1 —eBeoR mBME ISR 2020 4F 10 H-—2021 4F
3 H b N R A L R XS BE B 60 191 Il R BE 12
T B 545 B, L 15 B AR 37 ~87 XK1Y
(61.4£10.2)% ., IAbRHE: ODCCTA K 4 1 8 iF %
2SO T CCTA K& )s 11> H W32 ICA;
QR B ka5 L Agatston L4 =>400; @ F Al 0 R <
65 W/ 43 a1 B 52 A4 BEL i 77 (A%l 2K 52 J5 0 8 <265
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W/ o @QEMRTEW iz s thse . HEBRBEAE A O T A
HAEH, MR CCTA H# )7 X bk FEARA (n=
32) KPR R L (n=28).,

1.2 #5¥: R Canon Aquilion ONE Vision
Edition % 2 f{ 320 #FRiE CT {47 CCTA i , HAE
%% 58 BE 160 mm, #8258 F9 45 )2 )& 0. 5 mm, Jig % i ]
0.275 s, FAMEHE A EREIE R T 2 e, X ERIE
S SeAT R Bl BKES AL F A 43 4L 4 H s 100 KV, A
HEHRRFEAR,ZE 3 mm, ZEIE 3 mm; 57 57#SF
LED OOl I E SR I I C R O S NN N D
3.5~5.0 ml/s T4 o) Ak B (350 mgl/ml) 30~
60 ml, #R{F 30 ml A= ER K, T B 3 g ki & W 4
S R BIE S 180 HU, 45 # 1 ) 7% 22 bt 29 20 s,
XiF W VK RS e AT B RO L SR T Agatston TR
S R R ITAS e R 20 Dk 85 A6 R 435 ¥ bR O iE T
SRPOXF BE RIS AT B A SR A A P R RO H T R R
WH S E R LB E 120 kV. A E BRI JEE
0.5 mm, )2 [A#E 0. 5 mm; BESGET ] 3525 R-R (8] #]
70% ~ 80% . iC % A R 4 F & Ceffective dose,
ED), Bl ] & K & 3 4 (dose-length product, DLP)
X 0. 0145,
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1.3 KRR DL FCA3 B9k ) 3D [ i N 3% 485
Uk fi (adaptive iterative dose reduction 3D, AIDR 3D)$
AFEHER)Z)E 0.5 mm, JZ[FE 0.5 mm, R A
CTA ol 52 B A7 W5 A 3L, 16 B S5 A 00 JOE AH AV X 2 4
CCTA i B JEAT RS 0 TC o, 2 LA WP TG oy ko %
AN G ARFR 38 5 SR ARRE 5F L 1 A sl iRl 85
PGS s 151 3 8500 4 v U A5 A6 O A7 R T o
W 178 iz sh O 52 e /ME L RTF RE BR 1T CAC I 38 I 487
FSDRAER 3D ARG T3Pk e R 3 Bkope 7

1.4 HE®BHH ¥ 2 4% M CCTA (conventional
CCTA, con-CCTA)Hl sub-CCTA FE& 3 A J5 4b 3 T
Vil A5 il 2 - T A e R B 805 M it T E A
H 2 ZHA 10 4EL B0 R =2 &m0 Fih
B Ul 4 531 ) s T DL 3 BB i 28 B R A R — B, AR
Sk AT A 17 A B B A AT B HEAT 43T
WAL R 55 DL 4 A3 RN P4l 25 B AR T BUER
B gy, KR BT i 25, JCiEVF Al 2 g, R B i
22 WA PEA 53 o) AR B I AT, AT LASTEAG 5 4 93 &
BT U, 000 R VAL R . B A TE R O B B
Al S DR A LAV AG 457 1 R 321 BEIE R A Al A (1
3. 1.2 S ERIH AR Wt KR L 3.4 43 AT
MR . 7EAS A ICA 45 R 09 A48 T & 1 1Al
AR T B0 8 s e 78 AR B2, 23001 LAY I A8 38 <725 04
250~4900.50% ~ T4 =750 R E o E
Fo o B RAE B AR T AT AG 5 B O R R,

L5 ZEit2Esrtr R SPSS 24. 0 & MedCale St
SRR LA T s ROR AT IR A B 3T i BTRE,
PLAR 7 B0 C B R o> 2 80 R AR # . R
Wilcoxon #5586 [t #5 2H N . Mann-Whitney U £ % [V %5
HlE CCTA KRBT 55, L McNemar K5 %0 H 42 2
4 CCTA n[iZWitE 52 W R G . DL ICA 25

AR HE, 2 i 52 1K FH T AER# M (receiver operating
characteristic, ROC) i1 ¢, i+ iih 2 T ' 2 Carea
under the curve, AUC), ¥F 4 con-CCTA F sub-
CCTA HIBr H br 4y B4 BB A2 R =50% kg, L
A Kappa 2 FFEH con-CCTA o sub-CCTA #| W
Fobe o B E e A 2 JE 5 ICA 45 R — E 1k,
Kappa<<0. 20— PEE 2 ,0. 20<< Kappa<<0.40 N
— B — %, 0. 40 << Kappa<<0.60 K — 5 M 45,
0. 60<<Kappa<<0.80 H—F KM .0. 80<Kappa<
1.00 N—FtEik, P<<0.05 NESHAGIH¥E X,

2 H#HR

2HBE - MEREFHLGEITFE X (P <
0.05), WL 1,

BB, CCTA Kt 134 A5 4R 30 ok 35 B
FEAE T F G4k, 43 A T 20 Hi B 3 L 26 AT JE S A e R 3
ok 2 F BB 4343 3230 P R iE B L con-CCTA E 4 i &
Wrh 3.0(2.0,3.0); Horp 46 A~ 75 Br (46/134,
34. 33%0) BME AR S Wit AL dE 39 N AFAE ™ B A5 1L I
7T ANEAE SR 38 B 5 5 sub-CCTA ER R 3E Hh
3.003.0,4.0), ¥ F con-CCTA(Z= —7.037, P<<
0. 010) , i A 12 Wi 14 P 5 1l 48 75 BE (18/134,13. 43 %)
B2/ (P<<0. 0D, ¥ BL AN R Oh 52 T 8. ICA
PEAG HH 25 AN Be R 30 MR EE 29 A EE K 50
AN BT A 5 con-CCTA 4351 16 4,25 4>, 40
A Fe 53 A BE . sub-CCTA 4051k 22 4,31 4~.30
AN 51 A B con-CCTA K sub-CCTA PG HARTY
B RRAETEE 5 ICA 45 B — Bk 4 5 o vh 45 )
M (Kappa=0.557.0.867, P ¥<C0.05), sub-CCTA
PEAR BT ACZH I A8 T B I e AE R =500 1y AUC
7 0.903, & T con-CCTA (0.780, Z=4.198, P<<
0.010), L% 2,

® 1 EZARFAM )T CCTA BH — MR BORH AL

‘ I i
451 AR () Mj(ﬁj)t B (em) T (kg) SERBFLRAK/ ) HESREHD RO/
PR BE R (n=32) 60.4+8.5 21 11 166.56+8.33  68.34+9.96  60.50(57.00,64.50) 57, 00(55.00,61.00)
WK BE R4 (n=28) 62.6+11.8 24 4 169.934+7.35  73.25410.14  64.00(57.75,65.00)  61.00(57.00,63.00)
v/t 218 —0.834 3.214 —1. 649 —1. 888 —1.674 —1. 946
P{H 0. 408 0.073 0. 104 0. 064 0. 094 0. 052
26 5 W AR s (5] [=4IINEXELID) fea g (D 18 R (1) Agatston F153 ED(mSv)
AR GRS (n=32) 20 19 21 9 701.52(454.15,1 083.15) 5.10+1. 16
WK B AL (n=28) 18 20 20 11 667.63(459.73,1 369.59) 4.50(4.00,5. 30)
¥/t Z1E 0.021 0. 954 0.232 0.837 0.163 1. 299
P1{A 0. 886 0.329 0. 230 0. 360 0.871 0.194
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# 2 conCCTA J sub-CCTA A AR 3l k1 BUE 3 78 58 =50 00 184 g
24 531 BURBEL (BT RERBELBD] BREBINEL S (B BIEBIAEL Y (B ] MRS AUC(95%CD
Ll
con-CCTA 93.59(73/78) 62.50(35/56) 77.66(73/94) 87.50(35/40) 80.60(108/134) 0. 780(0.701,0. 847)
sub-CCTA 94.87(74/78) 85.71(48/56) 90. 24(74/82) 92.31(48/52) 91.04(122/134)  0.903(0. 840,0. 947)
LYl
con-CCTA 89.19(66/74) 64. 15(34/53) 77.65(66/85) 80. 95(34/42) 78.74(100/127)  0.767¢0.683,0. 837)
sub-CCTA 94.59(70/74) 84.91(45/53) 89.74(70/78) 91.84(45/49) 90.55(115/127) 0. 898(0.831,0. 944)
LR B sub-CCTA B8 5 F 73 5 T W UK B#

PR A4, CCTA kGt 127 A5tk 3h k1

BUAFAE ™ B Ak o A T 22 0 R S L 22 TR E S L A R
Bk 3 B4y 4 3 K B s con-CCTA EIE T
WIS 3.0(2.0,3.0); Hdr 51 A4~45 Br (51/127,
40. 16 Y0) BHR M AR S Wi bk A 46 43 DAFE =5k 3
8 M FEAE R iRz B 3% 5 sub-CCTA EIMZ T 5t 3F 43

4 3.003.0,3.0), & F connCCTA(Z=—5.011, P<<

0.010), Hd 25 NI B (25/127,19. 69 %) A Bt #EAS
e 2 Wt B R B B AR T conCCTA (P<<

IS=]

E'ﬁf’ﬁyaz

Wit

0.010), ICA FEAEH A 11 475
B a1 A 28 A
47 B E A con-CCTA 43
A9 A 34 A 39 A4S K45 A
5 BL, sub-CCTA | 43 %1 A 10
40 S032 A K45 AT B
con-CCTA % sub-CCTA 5 ICA &
g5 30— BobE 4 i kb A K

0.8 F

1.0

(Kappa=0.556,0.832, P # < 02
0.05), con-CCTA T 1 W ¥ Bt
I AE T B IR B =500
) AUC K 0.767, X T sub-

&)

CCTA (0.898, Z=4.198, P<<
0.010), L% 2,
il

B2 BHEH.S1L . HELHRTRERLD

K (Z=—2.954, P=0.030), M HVFAl M 45 5 B 45 s
MAERZS0NMEM B ER LS ITHFE X (Z=0.129,
P=0.900) L3 2 KK 1.2,

52 e IR 20 8 A I O HRRE A P 52 1 e Oy i 2
PR w4 e IR 3l Bk ™ =85 4k (Agatston B >
400) f & CCTA Ak LI v o 1A 56 MR gl i I 3

SEER B ke A AR B PR TH o ARS8 S B B

0.8F I,l

" 021/
| — LKA “Teon-CCTA — iR Teon-CCTA
/ — HLIRHF (sub-CCTA f — P (sub-CCTA
0.4 0.6 0.8 1.0 0 0.2 04 06 0.8 1.0
|45 FIE 1B

0 0.2
|57

1
=50% 1) ROC fh £k

2Al

A. con-CCTA [l 7% 22 1l 4 3 U1 Bt

I B DA AL L A R A R 40905 C. ICA BIRZE R R R BU B AE R 40%

LB 3%

1=

LA

2B,

YK (A KBRS (B)F con-CCTA 2 sub-CCTA 14 Wi /™ 5 45 b, 56 4R 3 ik 15 Be 48 i e 48

9

BEFSAL L AF AL A 5000 5 Bl sub-CCTA B8 ZEHiT W 52
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WS Ok CCTA J5 17 15 2 Bk e iR 3h Ik 45 1k
kEL DL ICA 558 0 4 b vf o X b L P Af 7™ 545 4k e ik
Bl kB 28 (AN .

AHFFELE SR B . sub-CCTA Al % 3 2% B 45 1L i
AR T B A s 7 A Ak A e IR s K . B ™ S
bR B k15 B, 2 4 sub-CCTA W A A2 Witk B b
T BB 3 con-CCTA P70 17 RE I & 45 v s B R
S sub-CCTA B E o0 TR R A . 554
e A RO 5 T 22 ot (LT R SO bR 4 T B
TCIEPPAE Y sub-CCTA 2 Wi iR 20 ik sk 28 =50 %6 e
RUAMEZRF LG T2 E L. 2 4 connCCTA K sub-
CCTA VA BFp 19 Be B E B A R E 5 ICA 45 R 1) — 3
PEA 5K 25 R 3, P con-CCTA 2 W H bR B4
JiE B A2 =50 %0 i) AUC 439k 0. 780 % 0. 767, Bk F
sub-CCTA (0. 903.0. 898) , #£ 7~ sub-CCTA ¥4 /™ 5 45
PSR B ok A s e A R B AR R T e

320 HEVRTE CT nr AR £ 3 0 IE 4 /N Z S i
Bl 1 A BRI F 120 kV, DI im g 2 izl
2 R 320 HEMRJE CT WY JERE if [E] 2K 0. 275 s, B[] 43 B¢
AT PR R 5 R R AR R DI EE R R CCTA,
A4 A EDV AR g A A Bk B R R
T, AR R L 48] ED 22 5% B4 H 23 X

Ry SEIGEAR S WK S R B HE O . 158
S ECEAR R W sub-CCTA 4 i i /) &
TR, 7RO BRSO R SR AT 0 R AR R
# ,sub-CCTA % i BLEC M R R 3. R4 sub-
CCTA AU PR B 2 Ry X, Bk i B O ) 45
Ko, AR w6 ED 3800, 1M 22 50 IR 3 ik
o B A FR 43 FE AR AR IR B K, T B A O B 2 M il 5 o 4
Al LRGBG8 2 M LK B ) 55 i A IR R
SRAER  BE ATAE 2 W o B 5 H s 2
T o AR A 2 I DA IO R Al R0 3155 00 35 ok %

ZE LR S IR BEREE sub-CCTA P-4 7™ 5 85
5 bR st Ik T Bk 78 R B ALCRE AH 7 5 T I R T
Ak, ARFFEM FEE R R O R B g AR
AN BALII AR L0 32 <65 IR /43 s O K& T iR
A R JEAT AT .
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