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The application value and influencing factors of coronary artery calcification score algorithm
based on artificial intelligence in non-gated chest CT
GAO Ling—feng, ZHANG Qian, XU Hang, MA Yue, HOU Yang
(Department of Radiology, Shengjing Hospital of China Medical University, Shenyang 110004, China)

Abstract: Objective: To explore the application value of artificial intelligence (Al) software in the measurement of coro-
nary arlery calcification score(CACS) of non—gated chest CT and its influencing factors. Methods: A total of 237 patients who
underwent both coronary computed tomography angiograph and chest CT within one month were included in this study retro-
spectively. Divided into four groups according to different acquisition methods for CACS: CACS was obtained by radiologists
with different experiences(Low/High) based on ECG-gated cardiac CT images, and the two groups were labeled as gated—L and
gated—H. The Al software automatically obtain the non—gated Agatson scores, and the results were checked and reedited by
radiologist with low experience, the two groups were labeled as Al and AI+L. These Agatson scores and the time taken for
each case were recorded. The diagnostic performances of each group were evaluated and compared on a basis with gated—H
as gold standard. We discussed the influence of heart rate and BMI on diagnostic performance of Al. The time taken on each
case of each group was compared. Results: The post—processing and calculating time on each case of Al was reduced by
39%, 68% compared with gated—H, gated-L(all P<0.01), respectively. The checking and reediting times on each case of Al+L
were reduced by 15%, 55% compared with gated—H, gated-L (all P<0.01), respectively. The correlation of the gated-L, Al,
AI+L-CACS with the gated-H CACS was r=0.99, 0.65, 0.98 (all P<0.01). The CACS risk categorization consistency in Al+L
was better than that in gated—L and Al, and the Kappa coefficients (k) were 0.89, 0.73 and 0.36, respectively, P<0.01. The
accuracy of CACS risk categorization in Al+L was 92.0%, which was significantly better than that in gated—L and AI(80.2%
and 52.3%, respectively, P<0.01). Patients with heart rate =80 bpm were more likely to be underestimated. Body mass index
had no significant effect. Conclusion: The collaborative reading model of Al+doctor based on chest CT has high consistency
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with ECG-gated cardiac CT in CACS quantification and risk categorization of patients, and significantly shortens the time for

measurement, which is more suitable for clinical risk grade screening of patients with coronary heart disease. It should be not-

ed that when the heart rate is high, Al software will underestimate the risk stratification of CACS.

Key words: Coronary Vessels; Artificial Intelligence; Tomography, X—Ray Computed

se AR Bl ik 45 4k L 4+ (Coronary artery calcium
score ,CACS) &3 Bk o RERE Ak A4 0> 1 45 92 I XU Tl
W R4 SR yT I EZE R 9, HET Agatston B4 /2
Il PRI FH 5 )32 1) CACS #8431, F B TOm 4
CT FHREG AT A g i, Zd BAEr 28 ), B
i SRR R A B A Il R T AR T, CACS HyL
LT 4% CT il 8 % 5 IR s bk CT I A 3 5 [m] 20
HEAT BT AR AR R AR T AR TR AR
TE Lo L4575 7 A v 8 ) 3 g

Ak Bl N T80 BE (Artificial intelligence,
Al) BRBERE, ENINEETTR T 2R 5T i
CT F&4T A S A5 AR 3 13 A B 72 78 CACS
PEAG WA MR S B 43 2 — S A R AP R
B BRTEOT 5T 2 M H T HOR LI AT AT PR = 1, 4521
N AT BT R PR R AR 2 AR
AR CT B 49 1 2 8055 | i 3 7 0 A
A 5 45 28 (Body mass index, BMI) it 4 #% 40 A IE
AWFTE, MO BRAEBF AU LU 1 &8 CT ~F-4345
B AL 5114 CACS #4550, B THg 2 T g
HCT 1y AL 5 B2 A= ip [A]) 18] )7 #5858 CACS 4 9 1
W,

P, A58 AT AR T4 M3 CT e ik 85 AL AR
XA R W RCRE HEAT T PEAS IR IR 10 R
BMI X AL FAFZ Wi PERERIRE I, Sy B AT AR
AE G R L FH A1 B i T i) R AREAR A

1 #ABEFE

1.1 AR %

AR FE [l Jo P Bl AL A E 2021 4F 9 H —2022 48
6 H T AR [ 470 B 17145 CACS 34 Fi g 8 - 49
CT W83 400 1, HEBR 2 Bz sk 3l bk s N OB A |
TR BNk 55 B AL AR AR | 5k Dk TP B PRI B 3t 25 AT TG
BN R I A 237 B, 3124 ), & 113
1] A B 5338 2ok ] R AR R 2 B i B T 5 B 42 B
¥ (48 B 4 5 . 2023PS710K ) , (K A 0] Jo51 1 BF 5% 0 6%
P R
12 #%&H*

O TTEOHE CT: R HBUZ OGS0 2% CT
(IQon,v4.7.743210, Philips Healthcare, fif *% ), &
FHAMEME Sk e i A EL EERT 1em £
O WERRTE . L/ T 70 U453 0 B35 2R R ISP O

LI filt & BE AR A R—-R A1 9 78% , R A& I AH Ky
fith & B AH£3% 5 LR TF 70 W/ 43 B A SR A ]
JBC PO L T TR AR S E A AL R 120 kY, B A
S BRAS 027 SJF] MEELAS 9 64x0.625 mm,
D-FOV 200 mm, & # )25 2.5 mm, 2] 2.5 mm,

B FBF-49 CT. 43 512k FH AL CT (Definition,
vA44A.09.P18,Siemens , {& & ) , ## *F- #i CT (Ingenu-
ity,v4.1.6.25030, Philips Healthcare, fif 2% ) 256 2
2 i€ CT (Brilliance 256 CT,v4.1.7.19037,Philips
Healthcare, fif %) 640 = 3 & %5 B CT (Aquilion
one,v4.74ER000, Canon, H A) o H & RO M |, 3k
Seit A R M EE A T A R SR
HLE R 100~120 kV, B H I A 28 8 H
BRAFHE G 0.5 o/J8 R 1, B 95 64%0.625 mm
128x0.625 mm ,320x0.5 mm,D-FOV 340~360 mm,
HHEE 3 mm,JZEFE 3 mm,
1.3 CACS M= 7 %

OHLTTHE CT /9 CACS T . B 4% AR (12
Wr 2255 20 4F ) R B AR L[R]3 ) i e ik A5 4L
FE J5 B CACS K ff (Heartbeat CS,v3.5.0.2254,
Philips Healthcare, fif % ) 1155 5w ik CACS, H- DA% (H
J A bR e 0% CACS Kizad 72 FT 75 22 A st fe) , HL
ALK T TR -H, [, — 2 AR5 (24
5 1AR) SRR A DAEIAE Y 7 AT T 80 a) ik i
K54G, IF B R BT CACS, i 5k 1% CACS K&
(AR Y (D N I P34 € R Tl E 2 D

BT CT 19 Al A 8 CACS W& . RA Al-
CACS # {4 (CACScoreDoc,v170.170.051acudall0,
BOMBHEL, th D IR A NS CT i CACS, 8 T
T VAL AT BRI PERE  FATRE G 20 R LU R Rl s
AT I K AT+ B AR B R, (DA ) . Al
CACS # A 1 2l 58 10 BE 43381 eIk 3l ik 85 Ab S H:
FEJE 43 SR BIFE 1 Agatston FUM 50 8 | I Jn i
HEEM LIRS . 05 AT-CACS M iZ 1 7 ir 75 It a]
ZAKAEIE R AL, QAL+EE A PpEI & . 75 AL AR
TEAEA b — A AR (S AR 1) U RHE
ARAIAT LB B IE it CACS, 10 SRIZ 45 A I
ZIL R PT AR, HOZ 80 AT+L 41,

oo B 0 A8 B BE 2800 4 . BROAR XU 4
(CACS=0), MR (CACS 1~<100), XU 2H
(CACS 100~<400) , &5 KU 2L (CACS=400), # 45



r LI R 2 2 2 A8 2% 3 2024 AR5 35 4% 10 W1 J Chin Clin Med Imaging, 2024, Vol.35, No.10 -743-

B B0 R 41 AR D AL (<60 WR/4Y ), AR L
2 (60~<80 IK/41 ) , 0 4L (=80 K/41 ), HHE i
HHBMI, 3 WIEH 4 (<24 kg/m?), HBEA (24~
<28 kg/m?) , IEJE£H (BMI=28 kg/m>)™,
1.4 %t Fom

fdfi 1 SPSS 26.0(IBM , £ ) #4748 3140 #r . i
SRR FH aks BU M(Pys, Pos) 7R, 43 285008 FHEUE Fn
e FE R, VAT -H 4 CACS I &b, KH
Spearman AH G PP Al £ 41 1 4 b5 #E 20 CACS 19 AH ¢
£, & Kappa 70 HT %7145 -L 24 AT 4H AI+L 4 1&
W B A JR HEAT — B R 06 . SR R T R S I Al 45 41
Y FG I BE 43 JEMER R 25 5% . RIS FEAS Wilcoxon
Pk RS 56 e 45 4% 20 CACS & 18] (1 22 5% . 2R
Mann—Whitney U £ 5 8 1E B 40 2 20 5 5 40 28
HOFRESR, RAMSTFEA ¢ K50 A IE T 2254
HEWEH BML 25, RA-RITKR AL AL 4H
FEATRLG 2 AT BMI [ (83 2Z 5] CACS fa s 4
JZUERTER 22 5, P<0.05 M EFA G H ¥R X,

2 &R

2.1 — R4

AT A 237 ], PALAE IS 64 % (57.5~69
4),52.3% R B G R B ik CT i 4 1 5% 12 Wi o
56 WK Ak AR i R 50 B (21.0%), TR 66
/453 (59~72 143 ), F-44 BMI(25.043.6) kg/m?,
22 Al 5A LK Bt i

I -H. 1#-L AL AI+L 4 ¥E 471155 CACS
BT 5 B 18] 2 51 R :69.0 s (43.0~133.0 s).132.0 s
(73.0~196.0 s) . 42.0 s (37.0~46.0s).60.0 s (51.5~
68.0s), M AT A4 -1 4 Fr i i (] 9 2 i
B3P 68%(P<0.01),
2.3 AI-CACS 5 i142-CACS #) — 8 547

IIT#-H, 14 -L AL AI+L 41 CACS 4 %14 .
160.0 (23.0 ~464.5) .152.0 (25.5 ~423.5) .21.0 (0.0 ~
139.0) .120.0(14.0~404.0) ; A1 20 1E 837 51 K2 1% 0
LI ULE 1~4, PATTHE-H 44 CACS N4 brifi, it
Spearman S5 AR SCVE SR AT, A5 R KW 145 -L AT,
AI+L 21 CACS ¥ 5 1#-H 4 CACS A R i A
KAk MO R E AT« 1142 -1 4 (r=0.99) , AT 4H
(r=0.65) ,Al+L 41 (r=0.98),P{E¥1/NF 0.01, T
Bland—Altman — 20 43 Ar 15 4 1] 45 -L AL AI+L 41
CACS 5174 -H 41 CACS 1k 22 Fl 95% — £ P
B, =3 F 0 22 50 5k 29.5 (95%Cl: -310.7 ~
369.6) .299.8 (95%CI; -807.4~1405.0) .102.1 (95%CI;
-351.3~555.6), 5 AL4AHLL, 145 -L 40 f1 Al+L 41
CACS 5 &b ey 2 FIECE /N, BRI —

H,
2.4  AI-CACS e 5 B o #i ML £

FI4E-L 41 Al+L 41 CACS 5 4 45 v 41 1Y 16 I
BE o 2 — B Mg AT 41UE  Kappa 250 (k) 409K
0.73.0.89 .0.36, P #1<0.01, AI+L 21 CACS f& % & 43
JAUER AR 92.0% , .3 = T T 145 -L 4 5 AL 4 (43
5K :80.2% .52.3% ,P ¥1<0.01), [ 1L 4 dL4% %
Gy 46 ), I m Al 23 B R4S 23 6 AT 3L
BRI 113 1, ¥ ARAN  AT+L 4 L4570 26 18
o], 34 A A
2.5 % Fe BMI #F Al 28 CACS /a1 & 5 B/ #

DR

AR A CT P BRI AT 41 CACS
WATIGR FE A )2, BRI R A B (68 1K/
43 ,60~73 WK/51) T8 IE 4 2 B R0 R (62
W15y ,57~T1 /4y ,P<0.01), LR E R EE
A BEB A IR 2, <60 W/ B AR 2K
KON 34.3% (24/70) ,24 5] 5B 5 5 B BE 2 B AR AR,
8 BRI T A2 T 2 NG 16 BBk R 2T
AR DR =80 K/ B B IR K F N
66.7% (16/24) ,16 191 [ 3 fa 1 2 B Al fh, Hor 1
BlgEm F KT 3AER,S Bl T 24
8 B TR T 1 ARG, PSR IR
i) BMI (25.0+3.4) kg/m? 5% 1E 8 73 25 34 19 BMI
(25.1£3.8) kg/m? W To G 112 22 5+ (P=0.86) .

3 i

CACS J27e 0o 1 5 43 J2 i H 248 bR . JeHT Y
WFFE O 20 0E 55 3 T W30 749 CT KR Y AL #4756
ik 5 Ak £ A DA P AT 02 AR SE L L T TR O
JIE CT 45 4L B0 Ry v WA T AT HE T T #4540 AR
SRRz ERE, JCHR IR T IRAE R EEA A5G
AL B X CACS PRAR 1 PE SRR B 3 T, B
T BMI X AL 2K RE (52w 36 AT 354
Il 1 Ak R PR A A L,

ABEGE B AT ERAF 5 o 9 B JR) 280 4 W 3
AT AT+L 21 [5) R s 8] 5 B 2 B B 1 4 LG AR B R R
AR, 3X 5 B S SR AR BF ST A5 AL, AT+L 4R
P[] ) A e KRR B R T T IRAR B B AR Y TR
R R A B S F s Rk 55%, 5 L TR B
I B2 43 2 W T 2R IR AR AT 9 B AR A B 5 T T
11.8%, 5 47 % B AR A ME A SR A XY IZWE R 218 %
AT 51 A 40 J A AT 9% 2= 26 ) R B el g [R) e £
WE T RAFBYSWIRRE, 75 SEPRim K TAE d B HEFE R
R BE LSS AL IETT CACS PEAG I = 2L T AR
B



.744 - e I DR B 2 52 15 4= 7 2024 4F58 35 %555 10 B J Chin Clin Med Imaging, 2024, Vol.35, No.10

@ &

B 1~4  [1#-H 5L AT AT+L 41 CACS WX K ] Ta~da D9 55,60 2 ,CACS 2 298, 145 -1 AT,
AT+L 45 1145 -H S0 AR — 80 I 1b~4b 40,72 % ,CACS 2 986, 14 3b &5 AT s 1 il e Sl B4 4k
2 CACS WAL, AL+L 4 CACS 5T HIEAR —FG A 1e~de BT ,82 4 ,CACS 2 972, [ 2¢ o I HE-L 4
RIS AL BRI g £ Il g S 854k, P30 CACS T, AT 412 AT+L ZH PUR T8

Figure 1~4. Comparison of CACS measurements between gated-H, gated—L, Al and Al+L. Figure la~4a:
A 60-year—old man, the CACS gated-H measured is 298, which is nearly the same as that of gated-L, Al
and Al+L; Figure 1b~4b: A 72—year-old woman, the CACS gated—H measured is 986. Figure 3b shows Al un-
derestimated the CACS due to leaving out the diffuse calcified plaque of LAD, AI+L CACS is roughly the
same as that of gated-L. Figure lc~4c: A 82-year—old man, the CACS gated—H measured is 972, Figure 2c¢
shows gated—L overestimated the CACS due to mistaking the calcification of mitral valve for LCX, Al and Al+

L identified correctly.
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