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Heart Disease
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ABSTRACT

Objective To explore the clinical value of coronary CT angiography (cCTA) and CT flow storage fraction
(CT-FFR) in predicting the degree of coronary calcification and cardiovascular adverse events (MACE).
Methods Retrospective study design, collect in April 2020 to April 2022 of coronary heart disease
(CHD) patients in our hospital during the period of basic data, the patients were inspected cCTA,
and computed tomography (CT) - FFR numerical calculation, according to cCTA check pathological
vascular calcification score divided into mild calcification group (coronary calcium score 99 points or
less whole, n=38) and moderate to severe calcification group (global coronary calcification score >
100, n=70), the values of cCTA parameters of the two groups were compared, and the relationship
between CCTA parameters and coronary calcification was analyzed. In subgroup analysis, according to
the critical value of CT-FFR (0.85), the two groups were divided into high CT-FFR (> 0.85, n=48) and low
CT-FFR (£0.85, n=60), and were followed up for 24 months to analyze the occurrence of MACE. CT-FFR
index was analyzed by Kaplan-Meier to predict the clinical value of MACE. Results Compared with CTA
parameters between the two groups, there were no statistical differences in the total plague volume,
lipid plaque volume and non-calcified plaque volume load between the two groups (P>0.05), but the
total plague volume load, calcified plague volume and CT-FFR in moderate and severe calcification
group were higher than those in mild calcification group (P<0.05). The degree of coronary calcification
was positively correlated with the volume of calcified plaque and CT-FFR by pearson analysis (r=0.694,
0.776, P<0.05). According to ROC curve analysis, the AUC of MACE predicted by CT-FFR was 0.721, the
critical value was 0.85, the sensitivity and specificity were 65.00%, and the specificity was 80.0%. The
MACE rate of low CT-FFR was 14.58%, and the MACE rate of high CT-FFR was 18.33%. Kaplan-Meier
analysis showed that there were statistically significant differences in the MACE rate and occurrence
time of CT-FFR index expression (P<0.05). Conclusion cCTA quantitative parameters can effectively
evaluate the degree of coronary artery calcification, and there is a certain correlation between the
two, and the higher the CT-FFR index, the higher the risk of later MACE.

Keywords: cCTA; CT-FFR; Coronary Artery Calcification; MACE; Survival Prognosis

TIREIRGR R OB EMRE 0K, SBMARXBENETELOONERRK, B
SHEZMHOMERRZEMH (major adverse cardiovascular events, MACE), 300 /R
I8, EBFEOIUERS, WERE, FWELENFERERE. KW, ' B
REDBKCT M E A% (coronary computed tomography angiography, cCTA)1FMNE 0
REBNTAEEFR, MGBEBTAEKEE, ERRMEKMRHFERT, FaE
BREABRELEIEE, T8, EHITEEERYY, HECCTARARNZENZHE, CTh
TEE DB (CT-fractional flow reserve, CT-FFR) AR SZEEM, HIEAN—ThEEo5E
R TRICT O IhEEE R G R AN BRI SEINRER, B ERT AT IRKE
KA. MFE, fNEKFELEEESMNZIERE, RNIEKREMERIZCT-FFRIES
THSIEERAATER, HLEMNERMEAT, EEFRERETE"Y, LEHES
WREBEFENEERHRE. BRNR, TffL ERARIHHERPIATRE,
1EINMACERBE" Y, thoh, HEMRER, cCTAREET BRMEEE BN HRRNEE
=iFEs, ERIBAFMACEFINA, EEFIHEXHNNXIRELD, EXEOENEEERR
HNERIETFERFENERAMMNTGEATE, BIFEFERIHEEMACEXRHNARHAR
%, Ak, KXEHXSCCTARBERFE—F 9, —HEBTRIECCTATER CIREK
FELIZEIT A RNEE, BIM—AELESCT-FFREMOTEETNMACERN BN @, LU
NIEFREFHE. e GHRHEE&IE, WIRET T,

1 BEEHZ*

1.1 B CFESFRILI08FIE LREE IRKER, BRI9E2020548E2022448
HRiEEE, EhEMT460, L4346, FEE34~78%, FIYFR(64.1513.06)%, &
24~1518, F9RIE(10.763.75) M8, KE54.6~73.5kg, FIYEE(61.131+5.44)
kg, LVEFfE52~65.7%, F1LVEF(60.48+3.32)%; BEEZMENH: AT,
[EiEZ30f, AIFEZT16); BHIXERE: B HE550], MHEE320, ZHFT
2161,

(55—1FE&]
(ERfEE]

B, B, TAEM, TERRAM:
BRME

98 -

OB, E-mail: zhunzhu62222888@163.com



PN SRRBBEFRE, WIZNTREBEEEL

MO, TECCTAREENE, IRARRRTTR. HRinE: B
KEKCTIE S EFEETEEU. M UKBEGEHEL; REEF
FORTEEEHI<3mm. OAIFEZES|RNTIREBKIEE
&; WERREE. BE. MEXAIHE,;, EEEAHMIE
mINgEPERSE ; SMOMERXEETPCLIAITE, aHAERMED
i, MRERT. FHEEREE, BiHREEERE, &
S DHE.
1.2 5% cCTARE SR #EESOMATOM Drive Xt FRURCTH
T, KA E IS RIS IEZT FRSTLLFMEZ AR, L4.0-
5.0ml/sEREEST, 2240~60mL, BIABBIRE EGEEL K
30ml, HER, BEXZTOERFEMI, B CEMSERRT
LOCMELBE T41.5cm. SHIAT: (1)XCRCT: EBE1005
120kv, BEEM350mAs, BEEKELR0.28s, EEREZEE0.500mm,
HMSTE3I8SmMm, HAHEH128X0.500; (2)Aquilion One CT:
EH200~400mA, BEEBE120kVa100kV, BEIkiER0.35s,
EEEE0.500mm, HEMEEZEE160mm, EE320X0.500;
(3)Revolution CT: BEAXASMart-mARARBNER, BB
[£120kV, EEKE1R0.28s, EEREE0.625mm, RMBEE
160mm, EE256%0.625,

FIEREYXALBIEHITEGRE, ZBRNHEGE
2, FERREBEIFILD, RA¥ B EE DTS REIkEE
B, NFENMNFEXBEIEFRFIIR, REBoIPEMER
RIPIR, TELHIRSAEIR. BERIIRETR. BHR2ARR
. FESUBBRER AR, BUIRERAE,

CT-FFRNEZ: RIBECTHEEFFM, XBEFTLEERER
SIRBKIDEEZIEDY, FAATISEREEIERBKRAMTE, F
AR AHZETER SR MMEE, MEHE, BEICT-FFRE,
1.3 MEEts
1.3.1 SRoIBHEEHE REESEIXERI Flcm,

CHINESE JOURNAL OF CT AND MRI, AUG. 2025, Vol.23, No.8 Total No.190

Ho Ao A EEOE> 65X/ mindinER 65K /mingk 4t
T, MATTESAE, MEEN, FENFEECEF60~80mLEE
B2, REA~SmL/s, MEBINEEIKIOMLIZRAE, 172
EXHNRET, SUENX: CTE>130HU, RIBSBYERAZEN
SEMR, KAAgatstonAITERTMEH LIRS, WEhkrEE
BUIERHITENITE, ROTERERSBUEER S X f50m
R, BrEEETE N ERNFESENFE 2BLNITED. 0~99
DEENRENRAR, 100~3990 BT HENRAA, 4004
M EREERR AT,

1.3.2 MEFBRAFIEXIENR ICRWARCCTAR GRS, BIEH
RBFERAATE. BUIBAER. FEIRSAEIN. BERMRER. 3E
BPIRER AR, MNECT-FFRE,

1.3.3 AREL MM BidBiE. £ EFABEHEAATE
BHITHE, UcCTAREHRARIBESR, UMACERL =,
MACEFZBERAREOLFER. ODARB. EXFEEOMN
B, IEMIETE,

1.4 it E FHSPSS 27.00 4T EHIE, HHERA
(n, %)%&mx; HEXMERBpearsoniza#r, KAKaplan-Meier
SEHMEDITETE, Lllog Rank(Mantel-Cox)ilESM; 17
XL, HERRFEESSE, BORR, TRINAUGY;
FEAHIREFD. CT-FFRIUUNEFI FBROCHLIRE 34, P<0.05
NERERUTFER N

24 B

2.1 MAMERREXIEIRLER WANBIRL2ET. BRI
&R, FEFSEUIBRATRATTATFERM(P>0.05), HEE
FHCABBRSATRR A A, BUBIBREIRNCT-FFRETREESLA
(P<0.05)o TNFIFFTo

2.2 DITHXY RpearsoniEDHT, BHKIGLIZE S FELHIRIE
0. CT-FFREEMEFM(P<0.05) WFR2FTRo

R1 WA MEMRBRIBIRLE

4831 n BIRBARFRGATE (%) FHUBBREAF (mm®) BEREEIR (mm3)  BERBBREAFI (mm?®) JEFBMBIRKIRGAE (%) CT-FFR
REBKA 38 53.74%6.51 4.1240.73 217.89+23.48  36.15+11.41 51.41%7.69 0.75+0.14
RS {A 70 56.25+4.38 5.67%0.68 227.06+2554  39.74+12.64 52.68+6.40 0.91+0.11
t - 2.385 11.023 1.832 1.457 0.916 6.545
p - 0.019 <0.001 0.069 0.148 0.362 <0.001
2.3 CT-FFRFNMACERZ £ BIROCERZE DT 108 BHEZ 24 R2 AR ERSHEESSMBHREXME
Kain, &it28BI&%EMACE, Fr&tb25.93%, BEinbEYiEI14~24 54T G
ANB, CT-FFRIIMEE AEMACEROCHZW T : £RAN P
AUC=0.721, IIRH{EFN0.85, WETIZHIBURM. FHRMEDFIZE
65.00%, HRER80.0%, BEAEREL MREARAE 0132 0056
2.4 CT-FFREVIMACET S K-MBh & 24t 1RIBCT-FFRIGR LB 0.694  <0.001

o |ZBET 3, | . 0), - I -
FFRAEIEEZEEMACER, REREWNKR3, LKaplan-Meiera IREHTRIAR 0.110 0111
8R, CT-FFRIEME BRABRMMACER, RENELRER IFFBUBRAR AR 0.177 0.365
BHEITFEENX(P<0.05), &4, B2, CT-FFR 0.776  <0.001

2.5 REGEFIEMON LE3,
%3 W RECT-FFR{E B ERMACERR R £/E

i<t RIXER  n MACEZE & 4AdiE]
CT-FFR {&CT-FFR 48  7(14.58) 23.31+0.78
BCT-FFR 60  11(18.33) 23.88%0.26
t/x2 0.605  5.306
P - 0.049 <0.001

R4 BORBE2ERMACEREMATIE D

i<t FEBER 2EFMACEREIB R FE(E) Log Rank
(G3-1 SE 95% B 15 XIalH{i%K
TR ER x? p
CT-FFR  {&CT-FFR 23.331  0.170 23.998 23.665 7.696 0.006
=CT-FFR 23.887 0.071 23.749  24.026
YL 23.671  0.100 23.474  23.868

+ 99



HEICTRIMRIZRE 2025488 $£23% $£8H5 25819087

E1 ROCHI 4. W2 FSH B H 24 EMACER A i 4 E.

5 50)

B3A~ W3 MARHE MG ONER. BHNTE DR KCTARE, A M AR 50 ks 645 fh 3t 3k,
EIRBRERE, WEBAR R, AWER AT R RS RS . R E Rk
E, BEAY, wEBHT. CT-FFRE#LA: RCA: 0.76, LAD:0.66, LCX:0.90 ik h Bk 4540750
24410 EMAER K ET H22. 54 BT 422,24, A E3C~ 3DFT R,

33t i

FOEE—FE MR, TESRBEENEMYRE CCTAREES). B, MNE. ERESSHRE, e
TEREBEARBHABIR, SR MR T, FAE BT OREEY, BeT SRS ERNHLENNGRY, 8
BME, #MEILKIN. BB, PTENSSROIRE. Bl EACTANOEEE—EER, E0RFFRALEIMYLSE
e, WERRLS, BETEUFG T, EPEE BESRETH, Zmart""" MCT-FFRE—MINEEFITNE
OHEEBRES. B, TOISMRE, MEBEREBNEL 17, EBRTEEEER TIREGIRELE, & ER%EE
BEIhEE. 454, EXNELEMAZIR, WL, HHSEATHE, ELXT7TRONROANBHROEREXR, WAFARNE. B
MRIBESS MR BRK MR B, BEEARSTEYE, i  ITERERFEE, B FERCTAR RS I E BEEH,
EESRG; SREESRHTEBOFSINE, JUBEHHBETR ERRMBHERETOIMMEM, SHIRER, EEELA
TREBOEERE. BE. B, ERERS, BETFGMEE SUIBRER. CT-FRRETEESKE, TESRSHSHRAH
E, BHEmEs, HIHLE, BEEEHAXETE, TESEHRE B EKEE, SRNEENSHNR, YBRELTFEESY
FEE. R, ERBENASHREEANTE, XHLSHT EHIHRER

100 -



2, BESHIBAMERIER, JEETEEZ, SRNERNET
7z, MAZME, MEDTKRIBEERE, FEEXMORKSTER
THBK LR AL R B N PRI, MITIIZECT-FFRE™ ", ZSpearman
EO, EREHYEESHAMRERN. CT-FFREEMHEXM, 12
RCT-FFRESEESHEEFEE—EXE, MEMISHIEEL
B, FENfRt=1gm, NmSHEkSstEERS, EIMCT-FFR
B, AT, E—FTDHMERXRE, ZRFBROCHLLIEE N
W, ERER, HUREFE. CT-FFRIUNERK IS IZERAUC
90790.804. 0.909, WEBRBLHNE, B5HERYEY
0 ABIEE, H—FHBACT-FFREIZEFE IR ERA RS R
SHMBx, LI, REHFER—F DT CT-FFREMACEXZR,
Kaplan-Meier#f 8, ®CT-FFRIEZEBEMACERSTKCT-
FFR, HFACT-FFREExN S DIMEARAREHNALEEXRYMEX, 5
CT-FFRAEMREESNOMEFRREGHN R, RERRA: CT-
FFRAET M E K shRk B A iR . s [ /1 & RiF G 2 K shAk
miwfE&EeESH, SCT-FFRAGER™SRoIAKMEHXZER™E, M
2R, SEOMMOARE, EMHERT, DEATHFERE
¥, FEREVINEEE, ELiRNREEBMER, WEM
DmERBEGE",

ZR EFTR, CT-FFREEBTINSEHIBHZEE, BEBERaRR
Mg, BEMACEREEE—TEXE, CT-FFRIEHHS,
MACER XS, WtFEELRLWNEECT-FFRT K, UK
RUBE, A8, XEWG.

SE XM

(1R, BINEE, Z0b, % B IR 20 BkCTA S S BRATRRAE 3¢ &1 8 ik 42 &4 B 15 T 108
(7], A4t 52 9%, 2023, 38 (7): 873-878.

RIREE, B, M. 2 T8 AL & 16 F 2 #1783k 28 Bk CTAFe CT-FFR 7 8 19 #7
W] RGR a5 BN A, 2023,7(1):19-22.

[3]Anastasius M,Maggiore P,Huang A,et al.The clinical utility of FFRCT
stratified by age[J].J Cardiovasc Comput Tomogr, 2021, 15(2):121-128.

[4]Peper J,Suchd4 D,Swaans M,et al.Functional cardiac CT-Going beyond

Anatomical evaluation of coronary artery disease with Cine CT,CT-

CHINESE JOURNAL OF CT AND MRI, AUG. 2025, Vol.23, No.8 Total No.190

FFR,CT perfusion and machine learning[J].Br J Radiol, 2020 Sep
1;93(1113):20200349.

ST 3, Wk 5. CTA+CT-FFRAE 0 i 2 0 M o) i B3 4 SRR 48 37 40 (0] M B
%,2023,47(1): 119-120.

[6] 5K 4 WA, BiSL#, e, %. FkFRevolution CTHyR 24 Bkt % ok (R BX & 370 & 20
AR O IR0 ) 0B BAENVHAC T B B R FUB 8y R (] W B0 4
Z£7%,2023,29 (4): 395-399.

[7]1Beg F,Rehman H,Chamsi-Pasha MA,et al.Association between FFRCT and
instantaneous wave-free ratio (iFR) of intermediate lesions on
coronary computed tomography angiography[J].Cardiovasc Revasc Med, 2021
Oct; 31: 57-60.

(81 WRAR, WA B 57, KA. CTH 4 & Bk & R & BEIMRC. H b = B4 A 48 AR
A8 Bk 0 A A T R AR L B WM BB R B X & [T o [E CTAIMRI
Z47%,2024,22(1): 74-77.

(917 W, B, A Z, % 35T TF 3 B CT-FFR X ik 7 IR 20 Bk 3 ik o 5 8 91t R
MFHRE ] L E2H(EFHR, 2021, 48 (3): 356-362.

(101 BRAMPAY, IR 2298, 084, . 3P xd 28 T CTARE Aot S5 R 2 Bk w370 0 &2 BBy %0
o L3]S 4 (SRR, 2023, 44 (5): 823-829.

A%, B il, Hs5e, . AR RCT I # % 2 S48 F 3] 5k FO R AL St
BB 58 [I]. W PR A 2 22 76, 2023, 42 (2) 2 258-262.

(2] R A &, 220, AL, %. 35T CAD-RADS #y & /& 32 A4 B & CT-FFR 3¢ 7 IR 20 ik s
TR AT TN ], B BAFF 4 (EFHR, 2024, 44 (D2 53-58.

[13]Gohmann RF,Seitz P,Pawelka K,et al.Combined coronary CT-angiography and
TAVI planning:utility of CT-FFR in patients with morphologically ruled-
out obstructive coronary artery disease[J].J Clin Med, 2022, 11(5): 1331.

(L4 B 3, 4976, 75 T 3€, 5. 54k 2 BkCT ot 48 B AR B A 3K T CT oy o it £ %2 2 Fl
M ZE M A RS SRS E (D). S B 4 R, 2021, 37 (20): 2675~
2680.

(517K, R, R, % R AR P RCT I R R AR EH EEQ
1 A R B FOUME (1. 0 o 4 5 B 76 S 3R, 2020, 10 (31) 2 31-33,

[16]Aquino GJ,Abadia AF,Schoepf UJ,et al.Coronary CT fractional flow
reserve before transcatheter aortic valve replacement:clinical

outcomes [J]. Radiology, 2022, 302 (1): 50-58.

(A HHEA: 2024-05-21)
(BxS4mes : WhAnih. FHEUK)

OO

(L##F975)

SEXmM

(75, T, REH. & NEE B4R 5 CTRR 20 FOR A 2 A RO IF & d i B
TR B B WA L AT [J). D RR 2075, 2025, 32(6) - 83-85.

[2]Duggan JP,Peters AS,Trachiotis GD,et al.Epidemiology of coronary artery
disease[J].Surg Clin North Am, 2022,102(3):499-516.

[3) 4%, M5 S8 5 2 ik R B AL SR R MR (R B M K R 47 1I). B R
WA, 2025, 32 (1): 44-46.

LAY R, T 3, 28 A A SROE JROBL % T 5 IR 20 ik s34 2 S M ey v (0D oF B 0 JiE
WA, 2020, 28 (3): 163-166.

ST, w3 =. IR Sh R CT L Btk 2 B A7 7E 7 B R e s B (0] WL T
2544 7%,2022,51(9):1002-1004.

(6] Z B K% LigE¥Be. SR ARF-B13M U], R EEF], 2009(12): 43-43.

[7]Sigamani A, Gupta R.Revisiting secondary prevention in coronary heart
disease[J]. Indian Heart T, 2022, 74 (6): 431-440.

[8]Alpert JS.New coronary heart disease risk factors[J].Am J Med, 2023
Apr; 136 (4): 331-332.

91 X%, 5k 47 4%, Ak, . IR 20 FRCT L E RS T X R BBk B RS A EE TR
o A PR KR BB 3 5 (1] o B3R Ak R, 2020, 35 (9) 1 894-899.

(101 WRET A, APk ik, Wi, 4. 3o 2k 4 Mg 2 B B B 3R P2 X4 T4 3 ik & B B3k 19 5
WA (0], ) R E ¥, 2022, 43 (5): 597-602.

(LB, itk % B 4. FERKCTAE B 23 TN 3 41 46 8 38 AR AR AL D3k B U 0 ST AT
T [T]. A5 52 8%, 2021, 36 (8): 1000-1004.

(12) R, 12 EHE, B =08, 4. 2L F R S0 BKCT I A A9 IR 3 Bk 36 FEAE b BE S B AL,
BAE R Z 1T AT (1], MU 275, 2020, 54 (5): 467-473.

(3] 5L, B8, ik, 4. TR ICT I RGBT B TR T H b = B 4 4
65 Bk 5T R BES T AR AR 4 0 (T, P e i 2 46 5, 2021, 55.(11) 1 1153~
1160.

(141 R M 3T 5T BRCTAXTOCT WF 5 451 3 34 9 UM 408 [D]. K3 B R A%, 2021,

(151285 A, TR 30 BRCTARLZEHIV RS e 3 5 4k 3 Bk B SR AR AE B 5 45 3k (D). A0M K
#.2020.

(i B HA: 2024-06-05) (Bxg4mes : WkAnih. FHEUK)

- 101



