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Abstract

Objective: To investigate the value of dual-energy CT subtraction technology in assessing the degree
of stenosis caused by calcified plaques in patients with severe coronary artery calcification. Methods:
A total of 53 subjects clinically suspected or diagnosed with coronary heart disease at Jining No. 1 Peo-
ple’s Hospital between April 2022 and September 2023 were selected. All subjects underwent dual-
energy CCTA (DECTA) and catheter-based coronary angiography (CAG) within 60 days, with a calcium
score >400. Based on the reconstruction method, they were divided into a standard reconstruction
group and a dual-energy reconstruction group. Results: Using CAG diagnosis of severe stenosis and
occlusion as the standard, the accuracy and specificity of the standard reconstruction group were 86.9%
(53/61) and 54.8% (40/73), respectively, while those of the dual-energy subtraction group were 82%
(50/61) and 93.2% (68/73). The dual-energy subtraction group showed relatively good consistency
and a high correlation with CAG in detecting coronary artery stenosis. Conclusion: Dual-energy sub-
traction CTA technology holds significant clinical value in evaluating the degree of plaque stenosis
in patients with severe coronary artery calcification.
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TR B K T FEAL T2 1% 18 52 (Coronary Computed Tomography Angiography, CCTA)FH ¢ T4 €1 1) 78
IRBN k% 52 (Coronary Artery Angiography, CAG) B A G475/ K2R [RIAEIICIA 1], ImLssE, BEERAM
K&, CCTA bRk 7 1 B 1 TN AR &, 3 TR B B 1 7 5 R0 PR AR AR, T A RO I
PRI, SRR ZET CAD I IETCAIR 2], 281, R30Ik fk(Coronary Artery Calcification,
CAC) 1) 2 G A AR D e 2 e miiZ WrdE i 1t B T B e & g SR P AR R AL D s, VA
TEARBIIKE I B ARG A T T3, SRR AR O VA BOGIE VR (3], MEER CT HETC) 2R
HTIRKR, RHZae1E AR/ 2 fe) SR HOR BE SE RS HERD SCIRYD B 70 S (45« . PRER), 4&F+ 17 Ak
By € w O KB LA RE 155 4]

AV 1 TR BN DK AN e & 414 S AR B BRAS AT, CT MUREHGH AR 5 5 k2 ik CTA =
A aE RIS LR RBIBKIE S (CAG), RIT WAL IRES CTA BRIl 5 7o Bk 1h 25 3 BEHOpk 25 F2 7% 1 )32
UINER

2. IGPRFEH

IEHL 2022 4 4 HF 2023 4 9 T — ANREF GRS EMHIZE O 2R E . a2
1T X e B CCTA K # (Dual-Energy Coronary Computed Tomography Angiography, DE-CCTA), H. 60 KN
1T SRR B K I 156 52 (CAGRE B [ BB 3 53 9. For B3tk 42 1, Lok 11 4], 4Fil 40~84 X . S
X EL O R e e LSRR O GERZIIKES AR R 7 A6 mE ) (5], AANHIEFE B D IR B K ES
WPEREFF G A5AAS; > 400, TSR AR A RA T T8 — NRERAGEZ S (FAt S
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KYLL202308-127).
HEBRprE: © CT BBFREAE. @ SIFHA™ERO MR : EBIRKRSZ | Fe RNk ER
©® FAIRBMK LR BN -

3. KESE

(—) MAEE CCTA futx

K F A5 E V4 7T Somation Definition Flash CT #l, S24% 3 R AMEM, A2 7T AR SEFEE /R H 0 R
(60~80 bpm/s), HEAT R IR ISR, AL B AE R T 20 MR K.

sk CTA P FI R XRERE A, S H e . 208 100 kV. Snl50 kv, HZEH
W, [l T TH%,  E AR S AT TR I U A S . X R 4.5~5.5 ml/s, R R 2R R K
WVRTEN 50~70 ml 95 L 77 A (350 mgl/ml) K 40 ml A FEEE/K . AL - B892 EH shfi R 3336(CT
B > 100 HU). GBS R T 2 ONIREE . AR EEEMAF A A B A, A HiEHRE
WiAHER A EUE, B 4B XEEEEE — R BE B+ (Dual Energy), 3 2IXUEEIRE FIMR(ZE . 28510),
FREBERTERAERRE . SREEOIRZ SRR 18 Bior Bk[613E 47 7w R 2 bk 75 B 4
B, (3Pl LAD. LCX K& RCA Ef& > 1.5mm. B EEESALARE e 22 Ml IRsh ik 15 Be . CTA B M
2 THE 8 4R LIRS W E ML 2 RS, —F B NAG N, & W E AT HOr B Rk
3

(=) bR Bh ki 52 (Coronaryangiography, CAG){Y 2%

K H GE Innova 3100-1Q I & 5241, LA Seldinger $52 A 28 535 45 B sl ik sl iog 8 ok F s 2 o) 2 5 4
AR AN 2 £ FE IR RS, X 78 B BRI G AT it . S R e A 250 35 10 W RHE
FAMSLAZWORAT, 7 DA R] A e i iy vy B A — 35

(=) BEBHRE

EIHG T KA Likert VP2025: 0 4, BB EZ, EREP IS FE LB, W BON™E, Lz 14,
Bz, ERERRRAE, R, B 249, R, EEEEREL, NMHEmHINE, s Em
WRBWIER; 30, M, EREEL, TR 2 5L FIRBIAMAN GG

() GEit 2o A

N SPSS 25.0 Gt 2= AR AT Gt 0 b . THEBT R LABIEL (%) R R . SR Kappa fa 56 PR PR S 4 40
M CAG 25 B —3hk, Hrbh4r y—3hE 5(0.75~1.00) %i47(0.60~0.74). F125(0.40~0.59). #(<0.40). ¥
H Pearson Fr 30 VPN P AP G AL B AR 5 CAG YA IR B ISR A AR OGP o VPAR 199 4 3 2t 5 Vo) T Ik 5 4
PR SSUF I B TR RI2 W kiE . P <0.05 NZEREALE 0 E Lo

g

53 B ) 159 SORARBNIK, B A EE EkEY E HAR BRI G, A RE KIS 12 W E N
94.3%, i FESCEBIH R IZWIFEN 90.6%, Bl SRR R 2 W 3N 92.4%, HILAT W RCA EUZWH 212
Wr# ks, LAD. LCX W 212 W FRIRAC, Fris ka3l ik BUR B ki 2 12 % 92.5%, W 1.

FRAE A EZE 5, 53 BB 159 ST Fh 3uAG Hiil /L DURE & CTA 2 ZR G iR sh ik 147 52, 1
X CAG KN, 12 32 CTA Hil CGA ¥R MBI B KB4, &It 134 SINHHEAT 04T CAG 2
BMRAE 4 B, BREBRAE 37 By REERRAR 32 Bt EFERRE 53 B HZE 8 Br bl n A ER S Wi Ok A
1B BRFEReE 12 BL. REEREAE 35 Bt EFERE 72 BLRIZE 14 BL, WRERIRGYS 258 5 A EIS T R A
BeE 8 Br. BRFERAE 30 Br. PREMRAE 39 Br. EPEFAE 55 B MIZE 2 By, WK 1. HHBL CAG 2l
PR AT S P ZE SRR, bt R A T R RO LR R BH P TN [T M TROIAE 3 ) 86.9% (53/61)+
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54.8% (40/73)« 61.6% (53/86). 68.8% (33/48), ROC HfZk FIHFH 0.708 (95% CI: 0.62~0.797), 3

=%
o

(68/79), ROC HiZk R A 0.876 (95% CI: 0.809~0.942), WL 2. bt EE#A 5 CGA Xt bR sh ka4 16
45 B Kappa = 0.204 (P < 0.001), &7 —8EZ%, M

R R PHPE TR [P TR 23 ) A 82% (50/61)+ 93.2% (68/73)~ 90.9% (50/55)+ 86.1%

ARG AL 5 CGA 45 R —HhBdf, Kappa =

0.63 (P < 0.001). Wi EH G EEEE S CAG ARG = 0.763, P < 0.01), Frifi )& Ab P 5 &
B4 CAG [AIAHGME B KT AT (2 = 0.429, P < 0.01).

Table 1. Diagnostic adequacy rate of CT dual-energy subtraction images

1. CT MEEERFE GRS R

R4 s 1
B &it P (%38 2 12 T R (%)
3 2 1 0
RCA 22 28 1 2 53 94.3
LAD 29 19 3 2 53 90.6
LCX 27 22 2 2 53 92.4
&t 78 69 6 6 159 92.5

Figure 1. Images from standard post-processing CCTA, dual-energy subtraction CCTA, and coronary artery angiography
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Figure 2. ROC curve analysis for predicting severe stenosis and occlusion in the standard reconstruction group and the dual-

energy subtraction group
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4. ¥Wig

AR, ZFEER CT Hfi U4k Rt . XEER CT MG HARFAAFRYREAFGEE T X £
IV S ol R BN [F], SEILAS RIS A B0 55, K4 DI A BE b 5 B, TGS BRI AR R AN AR, B 4
W B AL B A (3] [7] [8]. EZREARBNIK CT iM% g HeR BA BB & m . mlHE BR &R A D 52 10+
PO A, 1 BRSP4 8 S 48, 0 I s i Won T AR, S B e K R ) R & K2
0T P HE R P [9]

AR IREEAE ARG BN R A BEH ks MR, 4 159 SO i MG B SR 20N 92.5%,
AU A H W TR K . AR RN, FEDIRBIAKANE 4 3, A AR BN BK(RCA) ) MG 2 12 1K 2 f iy
(94.3%), T Hi %S (LAD)FA BiE S (LCX) il /2 12 W 2B A, S5 AHSCHE Fu 4 SRR A3]. BEAEm R, Bl
95 A8 Tl T [ 20 i AR, AR R A R B THASA[10]. A5 RIRBNAKIE B I EAT RS 454, S 8LE
HNLREIR LR, N s BB ERS = A g ah s, v e A e R BN kA o kA 2 3mSR R [ 11
BEAh, o AR B BKAEAF R-R (BT B AT BT B0 BoR (0 el IRB K 40%; 72 RIS 50%; 78 R R& 52
60%~70%). AHFFEA, FER TR T 75%H) R-R [BIENAALFEUE, %5506 A2 Rl B S 5 oA
[12]o ARFEITREHE Z BT LA > R, SRS RE R BRI R .

FHOESCHRIRIE , FRUETEEE CTA W™ EAALBEE A, 2078 38.7%~50% 1717 Bt Fl 2 N IE 12 Wi L
[10], LI, T B 52 7738 5 DLA R 1o 25 B X el A S AR OG5 , W 2 (VTG B I AR 13 BE A [ 13
AW T AR S, RS Bk s 2 T B R % A 900 A% A2 W v SR RS 5 P 40 31N 82% 93.2%, FLAE SR
BERTIRUEA, 25 R T Rbri @R AR RO E IR E R &, BIA SR th RS i i S
FERRAE B P S, 17X — 1 L IR I AR B RS BT AR . s 1 B, 74 B ER R, TEARES
AbFE CCTA 7R LAD JEBL P EERRAS, WAL E IR CCTA SR EIEmsi s, 5 CAG 458 8. AW7R
SR W — BRI Bon, WRe R BGC AN TAsEE @A, RVR KN RE R H AR TE S
W T B 7 7 TRV B L RANE, BB TR S BRI 2 Wi O

gr b, ARBEFRUESS, JEARBIK CT MUREIRELH A W] LA — 8 FEFE b i o™ 8 7 AR 2 ik 85 14 78 2 DRI 4
A BEH T BOP A VPAG ANV 0 0 R, 56 e Lo (AR 1297 LA AT 1O S AN L

E&WE

2023 A5 T E AU R R OB CT XURE B3 R 45 A TE VA 7™ F 805 44 st bR 20 ik e 2 7% 1 v FH
WSS : 2023YXNS074)).
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