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Abstract

Objective: This study aimed to evaluate the predictive value of computed tomography-derived frac-
tional flow reserve (CT-FFR) for 18-month major adverse cardiovascular events (MACE) in patients
with chest pain suspected of coronary artery disease (CAD), and to explore the incremental efficacy
when combined with clinical indicators. Methods: A total of 196 consecutive patients with suspected
CAD who presented with chest pain and underwent coronary computed tomography angiography
(CCTA) were enrolled. They were divided into a positive group (CT-FFR < 0.80, n =93) and a negative
group (CT-FFR > 0.80, n = 103) based on CT-FFR values. Baseline clinical data, laboratory indicators,
and diagnostic/therapeutic pathways were collected. The primary endpoint was MACE at 18 months.
Kaplan-Meier survival analysis, multivariate logistic regression, and receiver operating character-
istic (ROC) curves were used to assess the predictive value of CT-FFR. Results: During follow-up, the
MACE rate in the CT-FFR positive group was significantly higher than that in the negative group
(31.18% vs. 8.74%, P < 0.001). Multivariate logistic regression showed that positive CT-FFR was an
independent predictor of MACE (OR = 5.461, 95% CI: 2.253~13.236, P < 0.001). The area under the
ROC curve (AUC) for CT-FFR alone in predicting MACE was 0.679, while the AUC of Model B, which
combined CT-FFR with age, BNP, and serum creatinine (Cr), increased to 0.752 (P = 0.035). Conclu-
sion: CT-FFR < 0.80 is a strong independent predictor of 18-month MACE in patients with suspected
CAD. Combining CT-FFR with clinical indicators such as BNP and Cr significantly improves risk strat-
ification performance.
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HAH(MACE) LA LI AT A [6]-[8]. 2R, HAETKT CT-FFR 5 E MImRIEFr(0FES . BNP. L1
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BNP {5 0o 5 B 3 7 18 i (0 B 54, T Semie O IEZR I Th REARAS s LI 2 VP4 ' ThEE A% O
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FIT IR P o UL AP AT PR S B I LT B e W () 25 B i 4% DO BB A A &, TT AN 22 4 5 B A THI b PP Al 23 1
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2. SHEMFE
2.1. FAEHR

HESEAN 2022 4F 3 H & 2023 4 5 H T2 BT RL K 2 58— Bt Je8 = B DA i el i e 512 P S A 7o 9 i
# 200 Bl Prfr B A 5e il CCTA R, &P ik ik BUR &, FFBR ™ B4 AR m kR R 5,
2% 196 BITFE 2 NS . I AFRE: D 18~85 %/; @ MMM sti2 sl i B ® Dk
CCTA: @ IMRERIEEE; © SBHEFZE . HbgbrdE: © SRS SIS T E R @
FEAE A2 6 0 (L ILEESE . PCI B CABG ) @ TLiE5ERL CCTA; @ FHEE Ise A4 (eGFR < 30
mL/min/1.73m?); ® CCTA B & AN ETIEITEHE CT-FFR; © LVEF <30%; @ EEIMBORAE. o
Y NEF WAEIE: © IR
2.2. CT-FFR ME

KHVEI]F 58 —ARXUE CT (Definition Flash, Siemens Healthcare) %45 CCTA E1%. iS4 FHIE
100~120kV, & RIS AR EFEHOATT, X ARG #EE 5.0~6.0 mL/s. BRI EER: RSk I BT
B Rse s, T ESEIEER . R A R L ER N AT CT-FFR 04T, RAZETIRE
SR SRS IS 1 CT-FFR {H, 0 ARIE i 2~3 cm AbRIE{E. LA 0.80 NIRME, ¥ EHSN
CT-FFR P40 (<0.80, n = 93) 5B 14 41(>0.80, n = 103).

2.3. BEITS& A5

I G TIRE 3 N H — IR 18 AN A, BEVIER N 100%. FEL LN MACE, 52 SN OIRPESET
JEBCIE O NUESE Kt RIS s I E G4 A & mi B ML G IR 24 e £ R 22 (3 4
EAEPLOIME LR, X CT-FFR 45 BARI)MAT B0 .. tHRIA s = e ONTESE Lk CCTA i
1A A Ja FHE RSB AR RS (1 s 4 .

2.4. GiitFERE*E

K SPSS 27.0 #EAT /M. 4HIA LR AT t #2596 . Mann-Whitney U #3365 2 #:56 . Kaplan-Meier i
el A A7 2R, Log-rank A5G LLHC 4R B 22 5+ . 2 AR Logistic [ (#I N4 . BNP. Cr. CT-FFR)Z:-H7ilt
SN Y. ROC BHZR VAL T AL HE, Delong K36 Lb4 AUC. P <0.05 NZEFH Gl = Lo
3. BR
3.1. MR AREELRAFE

YN 196 15, IR 64.09+12.33 %, F5HE 118 71(60.2%). CT-FFR AL 93 #il(47.4%),
A4 103 191(52.6%) . Wi 1 fizn, CT-FFR BHHEZH 534 L 451 (68.82% vs. 52.43%, P = 0.028) . i fR 975
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#(29.03% vs. 12.62%, P = 0.008). %% I LK (5.64 vs. 5.38 mmol/L, P =0.008). IfiLfAILETF(75.60 vs. 68.80 pmol/L,
P = 0.043) )l 2 [F(a) (314.95 + 377.45 vs. 216.11 + 235.76 mg/L, P = 0.028)34 5. & & T-BAME4H . PH4LAESE
W EIfLE . IMAE(TC. LDL-C) M LVEF Jiifi % F L4 i 2w X (P > 0.05).

Table 1. Comparison of baseline characteristics between patients with CT-FFR < 0.80 (positive group) and CT-FFR > 0.80

(negative group)

%% 1. CT-FFR < 0.80 PR%4E5 CT-FFR > 0.80 BB 4A 538 B4 LL 4

Bl CT-FFR <0.80 FH%:4H(n = 93) CT-FFR > 0.80 FA 141 (n = 103) St g P1E
N 2R
FE (D) 65.69 +12.23 62.64 + 12.29 t=1.737 0.084
St 64 (68.82) 54 (52.43) 22 =4.817 0.028"
A
Jht 0 33 (35.48) 23 (22.33) 12 =3524 0.060
BEA: s
PR 27 (29.03) 13 (12.62) #=17124 0.008™
o I 52 (55.91) 64 (62.14) 22 =0.547 0.460
JINES
SBP (mmHg) 132.17 +20.41 133.24 + 19.94 t=-0.371 0.711
DBP (mmHg) 77.67+12.64 76.55 +12.61 t=0.616 0.538
1 g
TC (mmol/L) 4.10+1.03 419 +1.07 t=-0.609 0.543
HDL-C (mmol/L) 1.13+0.24 1.20 £0.27 t=-1.946 0.053
LDL-C (mmol/L) 2.49 +0.83 2.53+0.86 t=-0.386 0.700
Non-HDL-C (mmol/L) 2.93+1.01 2.87 £1.06 t=0.367 0.020"
Lp(a) (mg/L) 314.95 + 377.45 216.11 + 235.76 t=2221 0.028"
R
Glu (mmol/L) 5.64 (4.96, 7.26) 5.38 (4.81, 6.05) U =5847.5 0.008"™
Cr (umol/L) 75.60 (63.60, 86.90) 68.80 (55.65, 80.50) U =5591.5 0.043"
UA (umol/L) 336.47 + 86.09 340.75 + 110.46 t=-0.300 0.765
AR EH)
BNP (pg/mL) 62.50 (22.57, 199.26) 41.87 (14.92, 130.52) U =5499.5 0.074
I #
WBC (x109/L) 6.38 £1.72 6.25 +1.93 t=0.504 0.615
RBC (x10%/L) 424 +0.57 4.30 + 0.66 t=-0.730 0.466
PLT (x10%L) 212.19 + 60.58 200.12 + 54.74 t=1.466 0.144
LA (cm) 3.94 £0.50 4.09 +0.85 t=-1.502 0.135
LVDD (cm) 5.10 £ 0.64 5.14 £ 0.86 t=-0.340 0.734
LVEF (%) 56.69 + 7.83 58.04 + 6.75 t=-1.297 0.196

¥E: "P<0.05, "P<0.01.
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3.2. CT-FFR 5 MACE By%%&

18 M HEEVF I, Lk MACE 38 . CT-FFR FHP:41 MACE K AERE % & T B 21(31.18% vs.
8.74%, P <0.001). Kaplan-Meier A= 17 [ 28 & 7~ 9 25 5 Bl U5 4] 1 B I 3 43 25 (Log-rank 2 = 15.993, P <0.001,

& 1).
HEAESr BT R B
1.0 CTFFR%: SR
—-?ii e
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Figure 1. MACE-free survival curves of the CT-FFR positive group and negative group
[ 1. CT-FFR PRM44E SRAMLERY Tt MACE & fFRR%ZE

3.3. ZEE Logistic EYIS T

BRZE P RS, CT-FFR FHE(P <0.001). MALEF(P =0.001). LVEF (P=0.027)5 MACE #HX. £
IE4F#E  BNP. MLYLET )5, CT-FFR FHPEASE MACE (1) 85 s 7 i 5l 5-(OR = 5.461, 95% CI: 2.253~13.236,
P <0.001). BNP 7R yta7 i K 5 (OR = 1.001, 95% Cl: 1.000~1.002, P=0.004, # 2). Jt£&v:isinii
AVIFY) <2, %2 ELE M.

Table 2. Multivariate Logistic regression analysis for MACE (parsimonious model)

%2 2. MACE 24 HI% F%E Logistic @39 #r (& 2945 8Y)

e FIHRE(B)  MRER(S.E)  Wald 2 P 1H OR & OR {# 95% ClI
IECHT;\F: ?Tﬁi(g ;ngos[;f% 1.698 0.452 14.125 0.000 5.461 2.253~13.236
BNP (g F1& 1 pg/mL) 0.001 0.000 8.292 0.004 1.001 1.000~1.002
T (%) 0.016 0.016 0.914 0.339 1.016 0.984~1.049
I WLET (umol/L) -0.003 0.005 0.467 0.494 0.997 0.987~1.006
o —3.557 1.140 9.732 0.002 0.029 -

Ve BEREEIARG IS USREL 42 = 28.56, P <0.001; Nagelkerke R2=0.217.
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3.4. ROC &9

Ul CT-FFR il MACE ) AUC A 0.679 (95% CI: 0.578~0.780, P < 0.001), #BU/E 76.3%, *57E
59.5%. XA ZWIEAL A (FE# + BNP + Cr)ff) AUC 4 0.649 (95% Cl: 0.546~0.725, P = 0.004). Bt#i2i
A B (5E# + CT-FFR + BNP + Cr)fJ AUC .32+ % 0.752 (95% ClI: 0.685~0.811, P < 0.001), #U&SE
84.2%, FEFSE57.0%, 2% 5% 0412, DeLong fiie iR, A B 1) AUC 3% & T 50 CT-FFR (Z1H
=0.073, P = 0.035) & 158! A (%1 =0.103, P=0.028, % 3, [ 2).

Table 3. ROC curve analysis results of individual variables and combined diagnostic models for predicting MACE

3 3. BLERBASHERITN MACE B ROC FhZ& N4 R

KRR AUC (95% CI) P REFE  BUREL(%) (%) L84E%
CT-FFR 4553 (CT-FFR <0.80 Pk
vs. CT-FFR > 0.80 JIFE) 0.679 (0.578~0.780) <0.001  1.0000 76.3 59.5 0.358
BNP (71 1 pg/mL) 0.585 (0.481~0.689)  0.109 193.93 pg/mL  42.1 82.3 0.244
FW(B) 0.603 (0.499~0.707)  0.053 75 % 36.8 84.2 0.210
Cr (umol/L) 0.667 (0.565~0.769)  0.001  75.6 umol/L 68.4 65.8 0.342
PG 12 W A 0.649 (0.546~0.725)  0.004 0.1788 65.8 61.4 0.272
PG 12 B 0.752 (0.685~0.811) <0.001 0.1645 84.2 57.0 0.412
100
80
2 60
=
w
40
CTFFR——
A R -
20 BB 12Wis B

100-Specificity

Figure 2. Results of ROC curve analysis for each prediction model

2. BFMIERE ROC B SHTLE
4. g
4.1. CT-FFR 2 MACE 82837 B F

AWFF AP, CT-FFR < 0.80 /& 18 41~ H MACE & 4 K583 7 7 [K ¥ (OR = 5.461), FHM:41 MACE
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RAEZ AL 31.18%, MBI 8.74%. X —XN &5 E N AMH it 7t s B — 2. Li Z5[91%F 2566 fil7e
O B E KL 5 RV R, CT-FFR < 0.80 il MACE ) HR = 5.05. Alabdullah Z£[10]f25 % #r
(13,224 ) 27 CT-FFR BHE41 MACE XU[%; &2 % F1 75 (OR = 3.62) . ADVANCE #f 7t [4]tB & ¥, CT-FFR [¥]
PEEEAE 90 KT PR KA MACE, TMFHMELLRA 19 BIA R S4F. (HFERIE, AWk
WM EDM SRR B2 2 %, $&7R CT-FFR PR Ak 1 D e P sl i XURS: ] -5 3 B 230

CT-FFR Z AT LAREASZ T MACE, HRAS Ji RIAE T L PPAik (1 72 Th B8 25 SR bR 25 1 F 5 4l e 51 42
[11]. WRPRSZEH, MRHIBAE 5O WISk L2 [MAFLE B A — 8P [12] . CT-FFR @i v S0 44 /) 2= A0k
FENT LR R SEBR MR, REMERRIS A “ ARSI FRHThAREE 7 00 fa i A8 [13]. M4k, CT-FFR [AJ4E S B BE B 67
17 5 B IREAE, % CT-FFR {EH Al IE M S AL AR S BB &5 i S A [14]

4.2. BRAEERIERTGIMMNE

KRR, BEEHA B (CT-FFR + fE# + BNP + Cr)ff] AUC (0.752) %% & T 8.0 CT-FFR (0.679)
KAE CT-FFR HIm R A (0.649) X — 45 SRAUESE 2 4E TR A HE0g A) i & 1R THRl 2k fe .

AHEFiH, BNP FI CT-FFR FIBC G TIAME S TH 2 EASBNESE . — DMEEHEN 2, BNP F Bt
(0 2 BERL ) (L ILGAT) 5 CT-FFR BT R AR et Bk Ak 1L B8 ) 2 (B vT BRAFAE “fb il — g SR L a4k
RHK[15] [16]. #ATH, FREGRFMIZ, ARWFFAE R — DGR TS YRR T, BT AR 5 Jo ke siix —#E
DTS S5 23 7 BOm B A AL . P9 2 TR A AR F (it A8k ok it 2 75 B 3 3 BNP JHEr, B0 BNP
TR 75 R A 0 AT 3 T R i) T A e B A B A R 2t el — 2D i i . BRIk, AW S0 3 EEDTRRTE
THREHB VPR T X — 2 4Efabr i BEE TR, 10 R8s H A E AR ) 2l s . REAER 7T IESE, BNP
AKFETHE S FFR < 0.80 S35 AHG, WEBES X MACE HITIMAN AR T 80 —484R[17]. AWFFTHE— B IRAIE
TN EANC R BT BEFE AR MLYLETF I AR B T 0 B 28 FLAE 19 1Y) B 18]

AL RS E PR Rt 7 — 3. Li S5E[9JUEsE, e falkR =LA EnA CT-FFR A &35 25038 X
5532 Zhang SE[19]HF 5 CT-FFR A i XU BE BRI o] 2 2 52 T+ Pl g, [ #5747 CT-FFR <0.8 Al
HRPC > 2 [, MACE KEGLLX R4 M 6.06 fi5. FMHZE[20] K IEL S XGBoost Hikfe i F ¢ &
MACE 2 Wi . XUt SLIRIZR B, 2 4 B IE & MG 2 H T O I8 JRURG: TROII 28 B 1 k4%

4.3. leRBX SRR

BTG R XAET . 85—, CT-FFR [ITE&EE 18 4 MACE KA %X 8.74%, $RIRIRSIGIT %
ST, WG LER ICA[21]; H ., CT-FFR FITEEE BRI A E, et 546
B =, AR IBUR L (84.29%) A B T K IR FE D i e B T2, MR TR > 0.1645 ff:
N fE N RE .

AWFFAFAECL D JRIRYE, o BRI A R (1) HEARS FERORE]: ATV A G DA
(n=196) R4, BEVIIIRIGUR AL 38 5] MACE. A BRIF M2 382 B R BEBA b TN £
AR (I 2R B AR R 2 D 10~156 N EEF), AT AR AL SO XU o DRI, ARHIE ST AR B
WAAYIAESE SRR VS 18, MARFIEYESR . (2) SRZAMBIRAE: Frafdik 8 m—rdo, BEHE
(AUC = 0.752) 2 RE T REAFAE R MUAl o AZARLAESRSL AN BB h vz AL RE 0 g AN B . (B) At Jmi PR
Ph: CT-FFR H—HAFIHEL, S RSMERED BV 18 A, M R F D R P AT
A8 FFR IGIE, ToikiH R WitEm 4R r .

5. &

CT-FFR < 0.80 2 %Al Co9 IR 22 3 18 N H MACE s ShS7 M A F . % CT-FFR 5 BNP. Il
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