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Abstract

Part I Study on the diagnostic efficacy of artificial intelligence assisted coronary CTA for myocardial

ischemia in coronary heart disease

Objective: To investigate the diagnostic performance of quantitative plaque parameters, perivascular
fat attenuation index (FAI), and artificial intelligence-based CT-FFR in coronary CT angiography (CCTA)
for the detection of myocardial ischemia caused by coronary artery disease. Secondly, the relationship
between novel FAI measures that depict myocardial inflammation and anomalies related to coronary
hemodynamics was investigated.

Methods: Patients with clinically known or suspected CAD between September 2021 and October
2023 were collected from our hospital. Patients underwent CCTA examination, ICA procedure and
measurement of flow reserve fraction (FFR). Patient clinical data, ICA-FFR values, quantitative plaque
parameters (plaque length, total plaque volume, minimum lumen area, and the narrowest degree), CT-FFR
values, and FAI values were performed and collected. The correlation and agreement between CT-FFR and
ICA-FFR were analyzed using ICA-FFR as the gold standard. Similarly, blood vessels were used as the
study subject and the subject's work characteristic curve (ROC) was used to assess the diagnostic efficacy
of CT-FFR for the prediction of myocardial ischemia.The patients were divided into three groups, FFR
<0.75, 0.75 <FFR < 0.8 interval and FFR>0.80, and analyzed to compare the plaque length, total plaque
volume, minimum Iumen area, the narrowest degree, and FAI values between the three groups.
ICA-FFR<0.75 was defined as the threshold of myocardial ischemia, and the predictors of myocardial
ischemia were screened by univariate and multivariate logistic regression, and the diagnostic efficacy of
each index for myocardial ischemia was compared by using the ROC curve.

Results: A total of 138 patients were finally included, and the analysis showed that CT-FFR values
became highly correlated with ICA-FFR with a correlation coefficient of 1=0.925 (95% confidence
interval:0.899-0.944, P<0.0001), and that there was a good agreement between CT-FFR and ICA-FFR. The
AUC of CT-FFR for the diagnosis of myocardial ischemia was 0.957 with a 95% Cl: 0.923-0.991,
p<0.001), using blood vessels as the study population. Comparison of the analysis between the three
groups yielded that plaque length, total plaque volume, most stenosis, and FAI were greater in patients with
FFR < 0.75 than in those in the 0.75 << FFR < 0.8 interval and those with FFR > 0.80 (all p < 0.05).
The minimum lumen area in patients with FFR < 0.75 was smaller than both the 0.75 << FFR < 0.8
interval and FFR > 0.80 (p < 0.05), and FAI was significantly higher in the FFR < 0.75 group than in the

gray zone group and the FFR > 0.80 group (p < 0.05). Multifactorial logistic regression analysis showed



that plaque extent and FAI were significant predictors of myocardial ischemia, and the model constructed
by FAI had a certain predictive efficacy for myocardial ischemia, but it was lower than that of the model
constructed by plaque length (AUC, 0.781 vs. 0.894 , P=0.016), and the predictive efficacy of the model
was increased by the model constructed by combining FAI with plaque length ( AUC, 0.781 vs 0.918) and
the difference was statistically significant (P<0.001).

Conclusion: CT-FFR has good diagnostic efficacy for myocardial ischemia, and the combined model
of plaque length and FAI shows high diagnostic performance in the diagnosis of myocardial ischemia
caused by hemodynamic disorders. The lower the FFR, the greater the FAIL It can be concluded that
CT-FFR, plaque length and FAI can provide an important basis for risk stratification and clinical
decision-making in patients with myocardial ischemia.

Key words: coronary heart disease; coronary CT angiography; artificial intelligence; flow reserve

fraction

Part II Clinical Decision-Making and Prognostic Analysis of Patients with FFR "Gray Zone"

Objective: Exploring the value of artificial intelligence-based coronary CTA for clinical
decision-making and prognosis in patients with FFR "gray zone".

Methods: Retrospectively included 125 patients with FFR "gray zone" who underwent FFR
examination from January 2021 to November 2022 at our hospital. The patients were divided into the chest
pain group and the no chest pain group according to whether they had chest pain or not. Statistical analysis
was performed to compare the clinical baseline characteristics of the chest pain group and the no chest pain
group of patients with FFR "gray zone". According to the different treatments, the chest pain group and the
no chest pain group were further divided into the drug treatment group and the PCI treatment group, and
their MACE events were followed up, and Kaplan-Meier curves were plotted to analyze survival.Finally,
independent factors influencing the occurrence of MACE outcome events in FFR "gray zone" patients
were analyzed by multifactorial COX regression analysis.

Results: Finally, 47 cases in the chest pain group and 78 cases in the no chest pain group were
included. There were statistical differences in FAI values, plaque length, total plaque volume, and most
stenotic degree between the two groups (P < 0.05). The number of patients who completed follow-up was
95, and the effects of PCI therapy and pharmacologic therapy on survival to MACE event outcome did not
appear to be significantly different between the two groups (P > 0.05). Multifactorial COX regression
analysis yielded the presence of chest pain [HR 3.150, 95% CI (1.193-8.316), p=0.021] as an independent

influence on the occurrence of MACE outcome events in patients with the FFR "gray zone".

v



Conclusion: PCI and pharmacological treatment modalities did not show significant differences in the
prognosis of patients in the FFR "gray zone". Moreover, the presence or absence of chest pain was an
independent influence on the occurrence of MACE outcome events in FFR "gray zone" patients.

Key words: blood flow reserve fraction; gray zone; percutaneous coronary intervention (PCI);

pharmacotherapy
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OF R Bk S ZAE N BUEAR B ik 55 R A8 5

@CCTA fa 2 5 ot & A

OfUHAT T CCTA KA sl (2 NVE ML i 45 23 20 (ICA-FFR) Wl & A — 1.

AER 7 DR ERAC EE R A S (FHLS: 202304501) , FTH EEHEE
TG RIE A

22 7k

2.2.1 —RRERNLE

(D IGRRBEERMEHE: OMR; @FE; @EHEIEE (Body mass index, BMD ; &
ICA-FFR fHi; @O MEGREHEE GRiLEp L. AR R BEs) o &
JE 9 SR B8 REAE AT e IR s SR AT 1 297897 . BN I e I & = 140/90mmHg .
I G S0 A4 v LT s Sk BOHEAT T 29003R 9T, BN e ) A JIH [ B 5 =200mg/dl. I B
B BRAE A R PR 2 BOEAE BT 259003R 9T, BONE IS 25 15 U = 120 meg/dl. W
SR BEAE — 4 A A RO B

(2) BT RAHE: OMRKE (Patch length, PL); @RBEHAF (Total plaque

5



$28 BREHE AAFAFHEFMILL

volume, TPV); @#&H/NE A (Minimum lumen area, MLA); @Mk AEFEE (The
narrowest degree, TND); ®CT-FFR {&; ©FAI {H; OIME R E: AHiFESZ (LAD).
MRS (LCXO « fiatkshiik (RCA)

LN T B 138 19, LI B G IRVPAL, BB 1 33 IR N R g 3 4T
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N 92 1411(66.7%), PEEE N 46 B (33.3%) , FREHIBBEArHEE N (64.0+10.0)
%, BMI A (25.6+£3.8) kg/m?. JfH, FFR<0.75 [l #& K 43 #i. 0.75<FFR<<0.8 [X

[ [ B3 37 ). FFR>0.8 (&N 58 . (R 2-1)
21 BEI IRV

Table 2-1 General information of patients

A s
BE (D n=138
R () 64.0410.0
P
% 92 (66.7)
% 46 (33.3)
BMI (kg/m?) 25.6+3.8
e ML 99 (72.7)
PR 41 (29.7)
G 5 8 72 (52.2)
WA 2 65 (47.1)
WA ME (30 n=138
AL 7
LAD 75 (54.3)
LCX 29 (21.0)
RCA 34 (24.6)

FFR<0.75 n=43
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Continued Table 2-1 General information of patients

B e
0.75<FFR<0.8 n=37
FFR>0.8 n=58

E: BMI AMREFRE; LAD NARTRSC:; LCX ALIEES; RCA NAEARSMK: FFR NI &
i

2.2.2 CCTA Bl&RE

fif G 320 HE 640 EAF CT i1 (uCT 960+) 4T CT i fr. WiRBEFHE
OFE>T70 K/min, WAETHRIFERET 1 h DIRMGEAE (20~40 mg) , FFE B £ T
BBk E FAER H M (0.3 mg) . HR¥E Agatston J732:, #EIREN K CTA Ri%k45 2 mm J&
FIHEXT GG IE CT B . B . o 120 kVp, &I 50~750 mA, HLAL)E
HIHPE 350 ms/IR, FERE 512X 512, HEEE 0.5 mm. 4FFFE sk 1G5 % EK
X3 200 HU B 1€ CBMER, CT #85R4EM ECG BREsst< BT a6 . 8 AThETE
ECG fil /& BCHE E B0 B3 #1010 [ i ECG IR, BA 3~6 mL/s H R, 76 BT
30~60 mL X ELF (35K, 400 mg B 50 m/s, 5 ml/s i) JE3REUEE. B 4
PILE AR R S AR 3EAT . 7E R-R ) 70%~85% ) 0o i I EE g Mg, DLS A2 s &7k
—

KRAETIEG AR N A% 2 5 bk AL GBS W (B R DICOM-SRV fiA),
AR 4 2 UL E CCTA MR TAELI U2 W = m A7 i X CCTA 3%
GEIEAT /0T BT, H8E RAFMEHEZE TR, HEA CCTA WAL K& FAT R
RIE 6

2.2.3 CT-FFR #1 ICA-FFR #93£EX

CT-FFR [F3REC A B b 2w T R 4t Gl 7ERE Y R4 i A BE (1 ik, A0
FEEARBIKT B SR IR AT TRk s K e MURES , ¥4 2 R 35 AH T
A T T B8 359 e DR 20 ksl 22 it vty [ 775 7 38 BBk B LUAB,  7ERR A AR 1T % 2 em
A, 23K 1H CT-FFR {H.

ICA-FFR {H Ml EAEFR e O W R FE R, T8 Gl & I R ITRAT 5 4E 0L E TARA L. ik
BEANGRFERK CTA VAL 3 B SRR AR AR BN 73 SCHEAT FFR M. 8 a9 ik
Sk e F kAR (140~180 mg » kg-1 « min-1) &R ik e KFEEEFE 0, SR {8 5



$28 AREHE AAFAFHEFMILL

S 58 FFR &)1 52 0 B 78 B A i i 22 /0 20 mm Abi3EAT FFR W&, HASEEE
@] FFR 4558 . IR X FFR<0.75 HPRAHERE IS B #; FFR>0.80 [ L% 24
YIiayT s SR, FFR EAE 0.75~0.80 BRAENE SONKIX i3, RE 456 B35 IG IR
100 B ML AL I %) L, W S A HEAT M E . AR 4R REAE A 7154, ICA-FFR<0.75 N
OO ULBR I BRIME, DRI,  ASHIF S04 ICA-FFR<0.75 & SCOVUEE B L. Sk, RS
UL EBHESS R, %F CT-FFR Al ICA-FFR #E47—8ME 4. (B 2-1)

g 2-1 CCTA J% ICA iR R =K
Figure 2-1 Diagram of CCTA and ICA technology
(a) ATREARENIK =4 3D &, 2 HTFsg & CT-FFR 4 0.79;  (b) ARTFESZ CCTA E%: (e d)
N ICA BEMG, W& H /2 FT 452 ICA-FFR N 0.78; (i Sk oA i AR &b

2.2.4 FAI B93£EX

B — % R R IR B T F ik AT SHBhiZ Wi (BodiARlE; DICOM-SRV LA,
1.9.2) BEAT bk BB R T 4H 28 (PCAT) 40#fr, JBER /AT % (LAD) A/ mlfig 3¢ (LCX)
JEE R S Bk BT 3 40 mm Bt LA KA RSk (RCAD [ 10~50 mm Bt. 7ETSCHE
MAE R B, 1@ BN T4k, B E 377 ERERE i UL S A A L BE i 5 . PCAT
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R e ik AT H B2 WK B 3045 H, 1A PCAT ARFA N BT A 4 2 #£-190~-30Hu 11
3 CT 3. It X PCAT #4770 4, MIMERTS HAREEMLE 1K) CT AR 22 a2t (fat
attenuation index, FAD HJEACEUE, &4 HM AR FAEEITX PCAT /A8 FAT {E it
ITEEERIEIN.

FAL T+ JEH N £T CCTA 1%, AN TR R HIE L, = 7] SgEri
DL BE Ry Z 17 41 4mm 3 BA-190 Hu 22-30 Hu il FHE 3E47 i 7 X 35k ) 20281,
L 3D E G, RN X EAE B R A gm DR 2] MPR . CPR. #REF§
%, CPR{LER. (& 2-2)

22 NTEREFEE T CCTA B3R FAL I~ & K

Figure 2-2 Diagram of the artificial intelligence platform to obtain FAI values based on CCTA images

225 FItFESR

P B 5 Y R 185 A1 SPSS 26.0 34T 0. CPEME ZARHER) RERIES )
AR, A EAY A HOR R R AR RS A R, 2R EMRE NI (%) .
BN R T EZoITIES D MEHE, Kruskal-Wallis H #3608 3E IEA A g, R
Bonferroni & 1EE#H4T H )5 L3 . K H Pearson #2434 CT-FFR {& 5 ICA-FFR {H 1A
K, CT-FFR {5 ICA-FFR {E i) — 2 Ax %212 A Bland-Altman B . SR H HAR & logistic
5] A 773253 W % AR Z 500 5 O VLR AL IR SGIEG, 44 B DR 22 70 #r H P<0.05 IR IR AN 242
&AM Gt — 2 M, HEHI R TAERE (ROC) M4 Jvh & i 4K iR

(AUC) . f§f] DeLong 7L LA MZE F I (AUC) - P<0.05 EA SR E Lo

9
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3.1 ICA-FFR 5 CT-FFR B9fE XM R—EE 54

Pearson i< 70T .7, CT-FFR 185 ICA-FFR 15 /5 4L I &8 = A O¢, HEoC R4k
r=0.925 (95%CI 0.899~0.944, P<<0.0001) , FHMAH N EEAH M ZRAGRITFE Lo
DL 7% %, KA Bland-altman 347 —2PE A3, PIFRARIN 5 v 22 (8 250
90.00, —FHMEFUEA (-0.09, 0.08) , H 6.2%V%(E—FHMEFMEZ 4, FILVAHF
TEEA B — 2. (B 3-1, E3-2)

0
0.9
0.8 .
o °
by o
o074 ° g =0.925
= o
© 95%(CT 0.899~ 0.944
0.6
P<0.0001
0.5+ oo
04 T T T T T 1
04 05 06 07 08 09 10
ICA-FFR

K 3-1 ICA-FFR 5 CT-FFR AR &AL 5 #
Figure 3-1 Correlation analysis between ICA-FFR and CT-FFR

0.20
0.15
o
fnl 0.104 11,96 dgidl#e °o © ¢
\4 e s s s s e e e e
= % o o
& 0.054 & &
= o0 o 0o cagoo o
= Bt o coco a0 6 00 o 00000
T 0.004 . o o 00 o 00 0000 O 00000 O 000
= ° ©00 0 00000 O 000 O O O 00
&) oo s o o ooo oo oo o
Fii o
& i _ o o
= 0.05 i
- -1.96 bRiff2E s ° & &
B el e R, - . Do OB e
o
°
-0.15 o °
-0.20 T T T T
04 0.5 0.6 0.7 0.8 0.9 1.0

ICA-FFRY5CT-FFR {516

K 3-2 ICA-FFR 5 CT-FFR ff)—ZME k56
Figure 3-2 Consistency test between ICA-FFR and CT-FFR

10



E38 HR BAFRFHMEFMIL

3.2 CT-FFR %FF LA ERIDAYIZ WA SRE 7 4

ARIRIN T 38 GO AR SRR VAL, AN 1 S FE TR R M AT T
DL AR A0 52, ICA-FFR<0.75 O ALER LA BRI, 2] 7 ROC #izk. (& 3-3)

ROC #1445 7 #53 H CT-FFR 2 W0 WL I 1) AUC 9 0.957, 95% 1 E {5 X [A] N
0.923-0.991, P<<0.001.

100}

80-4[|‘|_’r

< oo}

=

o j

§ 401 AUC=0.957
20! 4 P<0.0001
al

0 20 40 60 80 100
100% - Specificity%

Kl 3-3 CT-FFR 2 W70 ILER L1 ROC 2k
Figure 3-3 ROC curve for CT-FFR diagnosis of myocardial ischemia

3.3 A[E] FFR X[E| 2 &K EE DR S K FAI BYELER

2t Kruskal-Wallis H test F1 Bonferroni /772 LA [F] X [8] FFR 235 )€ s EHL S 5
[FIF0 FAL, 255345 H, FFR<<0.75 BFHPIPEHKE . SREHA . sERE K& FAL Y
KT N 0.75<FFR<0.8 [X[a] 1 FFR>0.80 [ ¥ (3 p<0.05) . FFR<0.75 H#& [FH
INE AN T 0.75<FFR<0.8 [X [A] Al FFR>0.80 [ ¥ (1 p<0.05) . 0.75<FFR
<0.8 X [H]fl FFR>0.8 & MBI . MBEHUAT . /N s AR S e A8 P R A5
HEEER. HEAESFEERA, FFR<0.75. 0.75<FFR<0.8 [X[f] ;2 FFR>0.80 H#
1 FAL{E AR EER, JFH, FFR<0.75 &1 FAI B2 5T 0.75<FFR<(0.8 [X|f]
J FFR>0.80 & # . (3R 3-1, K&l 3-4)
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% 3-1 ANJA] FFR [X 0] S35 1 € B BT ERS 508 FAL ) EL s

Table 3-1 Comparison of quantitative plaque parameters and FAI in patients with different FFR intervals

& (n=138) FFR <0.75 0.75<FFR<0.8 FFR>0.8 P 1H
(n=43) (n=37) (n=58)
PEHKE (mm)  14.7(6.5,19.9) 23.1(17.2,33.4) 9.5 (5.9,17.2) 7.4 (3.9, 12.2) <0.001
MPEHAAF (mm3)  46.7(18.6,94.6) 123.1(72.3,193.9) 38.4 (16.7, 66.9)  23.7 (124, 52.9) <0.001
w/NEEH (mm?)  4.7(2.9,7.1) 3.0(1.2,3.8) 5.4(3.8,8.2) 5.9 (3.9, 8.8) <0.001
R AE TR L (%) 50.0(20.0,69.0) 70.0(55.0,81.0) 45.0(20.0,56.0) 24.0 (15.0, 51.5) <€0.001
FAI(HU) -76.5(-85.0,-70.8)  -68.0 (-73.0, -66.0) -74.0(-82.0, -69.0) -81.0(-86.3,-74.0)  <<0.001
P<0.001
A B C
P<0.001 P<0.001 4
* T P<0.001 " P<0.001
P<0.001 P=0.466
P=0.088 . 2001 _ 109 o
=‘;zn -;1 E -;, i =
c o P-0.183 B o Sc
D " E P;::lul h
100- P<0.001 i -
P<0.001 - P=0.005  P=0.007
80 . -804 ._—l_
P=0058

a b ¢
TND

401

-20+

b
FAI

P 3-4 AS[A) FER [X 1) 4 12 BT E S 80 FAT [ Bonferroni #IE45 R . a: FFR<<0.75 (& b:
0.75<FFR<0.8 [X[i] % c: FFR>0.80 H3¥& . PL: BEHLKE; TPV: SBEYAR MLA: H/hE
JEETHAR: TND: feSkZERERE: FAL: JIR 7S5
Figure 3-4 Quantitative plaque parameters and Bonferroni correction results for FAI in patients with
different FFR intervals. a: Patients with FFR<0.75; b: Patients in the range of 0.75 < FFR < 0.8;c:
Patients with FFR>0.80. PL: Patch length; TPV: Total plaque volume; MLA: Minimum lumen area; TND:
The strictest degree; FAI: Perivascular Fat Attenuation Index

3.4 £T CCTA WEERRSHAK FAL 3L ALER LAY IS BRATRE 574

BASE MR, BEHCK . ROPEHVARA . BN ST . Bk s R A I R
FAL #7540 LBR I 1 2 38 T (R 2%, idE— D 2 A8 & logistic [V 43 #T R B, BEHRAS B AN
I F Bl FAT A5 PR A2 O UL 100 Fr) 2 2 F0000 R -7 o 5 22 A% 8 23 BT R 1 4R b (BB K 2 L FAD

12
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#E4T ROC HhZ 3, 43t AUC 1E. 455REW], FAL MR AUC 1E°4 0.781, 3
K AR AUC {H8 0.894. 5200 FAL 5B K EREA MBI 5, B
AUC 185 0.918, H 27 BA G247 L (P<0.001). 3F H. FAI B %= I BURYE(97.7%),
HRRF IR (48.4%) , (HEZBRARIAIEA W38 U HBURPER R, 32 74
P (48.4% VS 70.5%) (£ 3-2, % 3-3, K 3-5)
2% 32 T FILBR I 52 24 £ B A R 1 22 A B A A

Table 3-2 Univariate and multivariate analyses for predicting myocardial ischemia occurrence

AR LRI R M ZIHE T
OR & 95% CI p 1H OR f& 95% CI P1H
RHKE (mm)  1.212 1.132-1.298 <<0.001 1.140 1.003-1.296 0.045
MPEHAAF (mm?)  1.027 1.017-1.037 <0.001 - - -
B/ INVE I THTAR 0.664 0.556-0.794 <<0.001 - - -
(mm?)
BIRAETRE (%) 1.068 1.044-1.092  <<0.001 - - -
FAI(HU) 1.151 1.084-1.221 <0.001 1.150 1.058-1.250 0.001
100
80
B O I IS FAl
z 60 PL
2z —  FAI+PL
5
AUC(FAI=0.7&1
20 i P=0.001 | AUG(PL)=0 894 ]p-nms
[AUCEFALPLJ:OQ‘!B ] e
0

0 20 40 60 80 100
100 - Specificity

K 3-5 BEHUREE. FAT SRS ARARAS T 0 ULER M2 Wi RCRE 1 32 1 BRAF R (ROC) HiZk. PL: 3R
AR RE: FAL: I o B 0 3 DA 4

Figure 3-5 Receiver Operating Characteristic (ROC) curves of plaque length, FAI, and combined indicators for
predicting myocardial ischemia. PL: Patch length ; FAI: Perivascular Fat Attenuation Index

33 PEUCKE. FAL KIRAARFRXST0 WLER I 12 A% g
Table 3-3 The diagnostic efficacy of plaque length, FAIL, and combined indicators for myocardial ischemia

AUC[95%CI] BAEEWE  BURHE,%[95%CT]  FFTE,%[95%CL] AT, %[95%Cl]
FAI 0.781[0.706,0.856]  -77.5 97.7[86.2,99.9] 48.4[38.1,58.8] 63.8[55.2,71.8]
BEK 0.894[0.839,0.949]  15.65 79.1[63.5,89.4] 83.2[73.8,89.8] 81.9[74.4,87.9]
FAI+BEHUKCE  0.918[0.874,0.962]  0.178 95.3[82.9,99.2] 70.5[60.2,79.2] 0.78[70.4,84.8]
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F4EF L

AH TR I, CT-FFR {H 5 ICA-FFR e FEAH M, B R4 19— 2, 7 H CT-FFR
YOI ILAE RIS Wiakee. FRE, BFFCEREL, I FE FAL AT PL #2 Gl
B ) EE I A ¥, FAT % FR A O LR I — 52 R TN GE 77, (BT PL Az
(RIS, T FAT+PL 61728 () B A AR R ek O UL I () TN BE 0 B v o el IR Bh ik Ly 30 o 2%
Bt 5 L5 98RE 2 (B 45 i, FFR <<0.75 211 FAI {23 KT FFR>0.8 415 0.75<FFR
<0.8 X[/ FAL{H. DL EWFFiRE, T AT 68 CCTA B CT-FFR. & RS
Jo FAL XSt PR 30 ko A2 A6 %5 5222 1R i DR 2 FH A 48

4.1 %F CT-FFR 5/ :pN &k D

56k LY A2 [ P A DL PR BB O LA, 0T S Lo - B AR Ty, Sk B AT
BITRBREEN . INK &8 HRIAR 2 W 7158 CCTA. CCTA [ R BRIHELE T2
TEE IR B R 2 O A 2 S B OVEA, = X L Ih AR IR Bh 2 SCRIVEAL, T ShRE I
Wl % m O GR M M EE ), CT-FFR " {E N — M A s FIIh e VP 1 751k, m LA
ERR R AR AE R AR R BRI 83, BB ) AUC fH. XJET ICA-FFR, CT-FFR
e MAAT HZ2 e Bg 0%, AHESSMUA QBRSSO 2. BEAE TR A
36381, CT-FFR 18 R IR A & B RIS, CT-FFE Refg W3 1425 CCTA HI%F
5. Cook %5 NPOHAT T — IR G MELRIR, BFE 5 WiWF 5 536 5 38 1) 908 LM,
45 R R CT-FFR H)SARE S M 12 Wi i1t o4 81.9% (95% C1, 79.4-84.4%) - Baumann
GNCTHEAT T mate 437, FLGIN T 765 B E N 1306 SCILE . Ml 1K, CT-FFR &
ZiRm TR (74.7% vs 49.7%) , TR W3 048 CCTA KT 3 4b i A2 1) R B
(83.7% vs 84.6%) , FERHZANE FFR AE NS hrifE. Gonzalez 55 AP¥Mf ] FFR /E A
S hRUE, BT T mate 23HT, LI T CT-FFR 546588 CCTA HIZ W2k e, 18 Wik 7t 3% 1535
il 55, SR BN CCTA 1 B 7K BUE FVRE P 27331 0.92% 1 0.43%, LHifg4t
CCTA #tt, CT-FFR E A ML BUBRPE (90% vs 92%) , {HHF 7 5 5 (72% vs 43%).
BREE NP T 1396 ZIME, S5 E7R, CT-FFR [ CCTA XLk, BUsit (75.0% vs
79.2%) » FEFRIEHN(92.1% vs 60.2%), W Z B ERA G E R, BUEETLS
TH¥ER . R ROC £k 5 #7115 H CT-FFR 2 WO LB AUC 4 0.957, 95%
MEE XA 0.923-0.991, P<<0.001. AJ LAfGH CT-FFR X} T Co Lk A 25 o LSk A
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& RIFIIZ B R RE

4.2 XF FAIl MIEEWHRSH 5O

BNIKHE AR AL A A UK AN —Fh 98 RE T AR, 98 i 2 R Bt Ji 1) DG IR 3R 140- 410,
FAIL 15 R e IR BN ik 98 0 B —ASBbR 5420, AT LR I 58 B 28 RE A 52 5 62 R I I 248 LK /)
FIE A SR AR A2, AT 7 4 SRR 7 I8 ] 6] FAL 5 IR 30 7 5 B -5 S0 O LR
ZIAFAE—E MR . BBlitk, FAL RATRERCN—ASET ZS BORIE R b R 3 iops 22 (1) 1L 2)
AN UAERFFE R, fEESiEE RAERITE O, O MR BAR SR H i, I A
Bl T J0 L 2R ) % B 3 0, AT 3 B FAL BB 3 0121 Hoshino 5 ANMWHR 5 15 H . i1 v
LAD ' FAL{EF3E N5 FFR PR EAHOC, REAE TITI 52 ™ H A Lo ULER 453477 . Gaibazi
NI T — B AERH ZE M R Bk (MINOCA ) A Tako-Tsubo ZRG1iE (TTS)
IO LEESE B3, #FFURIL, 76 MINOCA Al TTS B # rh, &4 B3 fIAESZ I 1 FAI
(B35 o Yu 258 NS5 HH I 37 PR 1) 9 28 P ot A ) ) P 2 285 v 1 A afm s B o P A2
Kanaji 58 A\HfG i FAI (OR, 1.108; 95%A[{5[X[A], 1.026-1.197, P=0.009) &Rz}
JBk L 37 2 52 451 ( g-CFROSZ 45 (R B S Tt R 5, 75 1 FAL LS ifilig B R 5 11 1) g-CFR
AR I o AU AT A HH B R T g Co LR I 1 B S 5 i TR 3, X 5 DAAE B 7T — 30470,
BEAE M RRAEIE AT AR SR Y, R BEERRAR, AL BEHARAR,  BEBRK B AR O LR If (1) 73
MK F-. BRTT,  HATIEAR _EX T FFR £E 0.75 F1 0.80 X 8] CBIFTIE AKX KR
BB A 1) 1L ds B i SR AFAE G+ . ARIRBEFAFH, £ 0.75<FFR<0.8 1 FFR>0.80 ‘1
PIAZ A BRTACE . BRI B RS E B RS HOFRA BREER, 1M
FALEAFAE R E 25, XU FALXF “IK 67 XK1 FFR G PR USSR 4E 5 B TR M)
Wil . ARXRBFFEIESFH T FFR<0.75 B3 MR ks 28 4 FAL { =, PL+FAI 40
G2 W L3N /) 5 B AG 3 20RO LB L 7 T R 30 R =2 Wik B (AUC=0.918) .
RIS, B FE+FAT MV BERRCA 22 A HERR I IR 21 1 % S 5 B0 USRI 1 — AN 2 A
ZH

KRR FLRIN, R FAL AR L 30 ik 2 Bt (O LR I A 36 5 v (R Uk, (R
R ERAR. SR, =4 FAIBRBU FE RS E I, R0 LR BN /) 57 B A 1 O JUL R AL 1)
LR T BB . HFH, BEHKEAFAL (OB 5 FAL, BEHKC (i B A 2 Jia)
FAEREZ R (P<0.05) . B £ CT-FFR B 5 ICA-FFR M5 & i 4F A . CT-FFR
YER—MIEI %41 CAD IRevPN 771, IF HAEEBE IR R T2 . B2, i
PREZEHIE S| CT-FFR {1 (28 SOERT,  BEHAC B +FAT A YV ] G A HVB 1 &
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Aot WA ZLESITEE, FIKES MR35 ES ESSOolskin e, X5
DAL RI W SR [RI9) Mirgan SEBON DAY 1 BB EARBIRIES AL PR . ARE5 40 S HURMIG  FE
R BER A ARR, FFR<<0.75 SBEAEPTA PLHA 7 I PEHAARR B s, (B DOk
JEARFAL PP A B o Lee SFMALE SRR PSR S AL MR A AL, e XU K
RAFECFFR BUME M. HRT, FESCRFIEAUER SRR DI B & SCZ 8] B 5% RAFAEHE
Pl 132, X RS GRS ST T I

gi bprik, FT ANTEAER CT-FFR. BEHRKCE & FAT X T O Lsk 44 7 R4
ZWIREE, BEV NI PREEAT XU 73 2 SR T SR S 2 .

4.3 FfR4E

AW FAFAE LN DA AL : 25—, AWFFUE T [BIBEDE I, R REAFAE — € YR FEME A o
B HTEOREE, ARG KRR SR B D, e SRR BT U IRy
AEANTEAR B ML T RE Z B BRIk« 25 =, AFEAR A BN, 7 2R LT
PERE 7E 2 30k
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1. BT ANTHEEEN CT-FFR 5 ICA-FFR A& m A, IF HEA BRI —FE,
CT-FFR X} T O NUERIE E R 42 BiRkae .

2. T N TG E BB S F FIBEHA FE AT FAL A Co L L i) = B 1000
PR AN FAL SO LR 1 28 26 B 47 IS Wik g s FAT N BEHRA R3]0 LT i 42
LT EME. R H, 8l FAL 5 s /) 2 BaG S 800 0 LSk 2 M A7 7E—E 1
HKZ&, FFRBK, FALBK.
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A ORI 2R AR ST

B
i
<
pull

SE_#R49T FFR “Ik[X” BEBIGRRR KT 57

BOHTH (R E SR RSB A NIRITHR RS (2016) ) 133, /B Ayl PRI Jifiifs R SEZ 6 1)
HFE, H AL FFR I la K m ZOonHER M BOR . R FFR<<0.75 $&781%0m 22 H
I R T TR Lo WIER FFR>0.8, $275 1205 48 5| B Co LR I (1) W] BEPEAR /N, AN 7R 2590697,
FFR #({H1E 0.75~0.80 Z [A1 3, FRA “KIX” &, BEAFFRAGSS), 24 FFR T
e Pz HEN, BFLSRMAASEE, FAFES. R, “KX” BERRERIT)
FEEF . BEAERETT 7 HA FFR “KIX 7 BE WA R MIZ E ., LR s H @29
7, SERANE P JER5657, Kk, 4T FFR “IK[X 7 B2 75 0] Bz b e IR e R 3l ik
T 7% 1) IfTL i EE 2 B 2 WDIE T A AE AN E 1

ICA-FFR 1 5 75 23T A QUHAE, JF H 2R, BT CLHIGIRAE Az . SR,
BEE N LR REMIR R, 78 CCTA FIJEat b, @it 45 & EHLRAK 71%% (CFD) Al LIS H
(e fik CT MLiffE 27> $ (CT-FFR) . 5 ICA-FFR #Eb, CT-FFR AJ %22 3¢ i k47
EIFRATEENME, 754 T CCTA LIk EER AL, s IR SR I H,
W R T CCTA 22 MG i & 3R HY ) 7t Bk & 6] A 107 %2 k415 24 (fat attenuation index
FAY) AT —Flog B I SOAE SR - hn 540, s ik A B FAL T iide 500 L8 A R 115 AH
SRSl g — i R Bk CTA MG, N T8 fedi Bh i e ik CTA RS 7E FFR K
X7 & AT 2 S50 E BRHERR R

RER B ER T T N TR BERI ek CTA Xt FFR “IKIX” B3 MIRR IR
F W BTN . PR RO FFR “KIX” BT AT o AT Thae 200, M
HORGHETE T e LR IR A JB9T LTS SF 29T 0T, RIRIRIZIT S LR KT

18



$28 BREHE AAFAFHEFMILT

B8 ZRERE

2.1 ARIR

WEE 7 2021 4 1 H & 2022 4 11 H e TIRBE e O fE e 5, B a3t
17 T ICA-FFR fi &Ml CT-FFR fu . 483 M2 M8 ARR, filiimK LB vF
fir, PINEE | SCF BT M AT A
I NFRE:
(1D 347 7 ICA-FFR A1 CT-FFR ¥ 7%, FFR Ju[E A 0.75~0.80 2 [8] “IK[X” H#
(@) A FEREIG R TORHAE BT N 5
(3) BV EZE KT 6 M
FEBR bR
(L BEAE A PCA B iub IR 20 ik #5 M ml H Ath o JIE 3 - A 2 5
(2) A FHoAh )™ 5 LR ELEE PRI (A0 UEESE . A 8 995 2 55 s
(3) PR ERIA TEHE
(4) BEVTES DT 6 A

22 ik

2.2.1 —RRERMILE

W& FFR KX “ 387 HImKR R adE: O @F8; O E 5% (Body mass
index, BMD) ; B®ICA-FFR {H; @O B GSHEE Rl ks, g bR .
WAES) o R OREKE (Patch length, PL); @ BEHAFT (Total plaque
volume, TPV); @H/NEFEHEHA! (Minimum lumen area, MLA); @K EFEE (The
narrowest degree, TND); G®CT-FFR {; ©FAI {H: DILEHRAZNIE: LHFE (LAD).
FESC (LCX) + AdiRahik (RCA)

222 MARPE

WAE T FBE 2021 4F 1 H & 2022 4F 11 H FFR |1 “IKIX” &N 125 B, AR FE
W B 2 T BB, o AR A R 2 . ARIEIEIT FTEARIE, 4 RAiRTT
K PCILI&IT 4.
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223 I REREY

R HAREE R . BB D T RGN FFR “IKIX 7 g b TRE s, BV
RGN 6 N H L 12 M H, B&IE 95 4l B 34T 58/ T REVT . BEVT S0 1k
N OFFEHBUEE RKE MACE F4F; @RI R KR4 MACE F14F, AKBEV#E LR
] — 9 2024 4E 1 A 31 H.

MACE $4F5E O CIRHEFET. . AEEGEEONIUESE . BRI 3K 3] 11 if iz 2 g S AT
JE IR f) i iz B 4

224 FITFEDR

Giit oy #r i SPSS 26.0, HEERILL (%) Fon, CPHMEHrEZE) REFEIRIE
AoAn s, PO ECNPY AR R AR IR AT s . B AT € EEIRE R E
FEFHPIFEARMAT t 8555, AFRFEIES DA HIES2 Mann-Whitney f e 70K &
KR HAT R %2 7 0. AT AEZ MK B Kaplan-Meier 2217128, 40t
MACE HSZH 1R H Z B2 Cox KB BEIH M. P<0.05 (BE) #WINNERA
giitrm Lo

2.2.5 FREgZ[E

WH22021451 2022411 HfEFRELAT
ICA-FFRET £ (1) 55 3

h 4

FFR “XKX” HB& (n=125)

T~

B fiZl (n=47) FRAFILE (n=78) ‘

| [

————— c— e — == | SR (n=30)

h
YN T I 5T R T BT
(n=95)

v

2 K-M il £ 22 COX B 45
b

20



E3F HR BAFRFREFMIRL

3.1 BOfELE S I ELE FFR “IR[X” BEE 2z [BRIELE:

GINKT 125 il FFR “IKIX” B, WJEA Ny 47 1, TRmA R 78 . P B
[P EE R BN (64.0111.6) BHF1 (63.4+11.7) o s Bk g 5 koA 33 4
(70.2%) , TCHJE AR 51 5 L 48 #1(61.5). i JfE 2H A1 JC iR 9 4H 19 BMIT 43 51 A
[25.9(23.6,28.1)]kg/m? A1[25.0 (23.0, 28.2) lkg/m?. ML /HriGH, P2 RIIEEE .
PEAI. BMIL S s BB AR S MG S Al o0 WROME SE . /N T AR B AR r
BETHMERERIFERS (P>0.05) . AW, WA FAI{E. BHEKE. &
PEPARIR R B R A St 2 22 7 (P<<0.05) o (3R 3-D)

#F 3-1 FFR “KIX” BE WA 2 B 5k LR

Table 3-1 Comparison of data between the two groups of patients with FFR "gray areas"

J i 2H (n=47) TeHdH (n=78) t/Z /x? P1{H
SERE 64.0t11.6 63.4+11.7 0.253¢ 0.801
A (n, %) 0.967¢ 0.325
5 33 (70.2) 48 (61.5)
17 14 (29.8) 30 (38.5)
BMI (kg/m?) 25.9(23.6,28.1) 25.0 (23.0, 28.2)  -0.900° 0.368
e I S 33(70.2) 62 (79.5) 1.383¢ 0.240
B PR g s 34 (72.3) 45 (57.7) 2.706¢ 0.100
g & 13 (27.7) 27 (34.6) 0.652¢ 0.419
W SO 52 16 (34.0) 29 (37.2) 0.125¢ 0.723
FAI (HU) -77.01+9.6 -80.8+8.3 23950 0.018
BEELKE (mm) 11.7 (8.3, 18.8) 8.2 (5.7, 14.0) -2.590° 0.010
SPEHAAFN (mm?) 443 (30.0, 90.00  30.7 (124, 56.9)  -3.145° 0.002
BANEBEEHMAmMm?)  4.3(3.0,6.7) 5.4 (3.8, 7.1) 1.315° 0.188
TR (%) 50.0(21.0,65.0) 27.5 (20.0, 54.00  -2.364° 0.018
R A 0.652¢ 0.722
LAD 26 (55.3) 38 (48.7)
LCX 10 (21.3) 17 (21.8)
RCA 11 (23.4) 23 (29.5)

M BMIONREIRE: FAI RN R4 8 LAD TR LCX N FIESC: RCA A
WaWks *Rom el PRom ZMH. “Ron ¥ H
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3.2 ffif 3 A FFR “/R[X” 2#& MACE E4 X Kaplan-Meier BiZEF 5
r

RIS 77 AN, K B NE RGOSRk NI (PCD iRy7 HMZ 6T
Mo FHIBEDT N (603.54£232.0) K, 95 GlHEFETIA 176 (17.9%) BERET
MACE 4. £ PCLIGYT Ja i) 9 B &g, b 2 49 (22.2%) SRILIKS) il
B, 14 (11.1%) EAJER Mz EZE, 13 GRS b RET 2 #1(15.4%) 60 0
WMz E . 23677 5 25 BIEEE T, H kAT 541 (20%) HriiDks)
¥ 13z A 2 1] (8.0% ) AT Al J5t [R] 1) IfiL iz = 4, 48 3 I JE YR s R A2 T 3 41 (6.3%)
BRMIREN K MIS B 2§ (4.2%) AEFIEHEEMIZE . YRR IFRA KA CIRNE
FETHAESAENE O VBESE, KPS FIREE R, w] LAAS H R i SR B 1 iz 8y MACE &
PR AR EEIREN R &

Kaplan-Meier HiZE4EF 0 iwos (B 3-1, K& 3-2) , fE FFR “K[X” &M HJE
A R TCHw 4, PCLIGTT S 2697 T MACE S48 R AR R R A I B 5 2= 5.
{H2, FTLAf3H FFR “IKIX 7 B3 w2 1 MACE S4-45 3 AR A7 A T T M 4.

100}———— — PCLIIT )
' \—‘ - iR IT e
75+ L
ik
+H 50
Log-rank p=0.925
25
HR=0.937(0.244- 3.602 )
0 1 1 1 1
0 300 600 900 1200
AAFRf ] CRD

3-1 My 4H FFR “IKIX 7 &[] Kaplan-Meier M2 447507

Figure 3-1 Kaplan-Meier curve survival analysis of patients with FFR "gray zone" in the chest pain group

— PCHHITIE

L . EIT IG

100

751

50

Log-rank p=0.953

25
HR=0.952(0.185- 4.896 )

0 | 1 1 |
0 300 600 200 1200

AELFEE ] (RO

Kl 3-2 ol FFR “IKIX 7 &3 1) Kaplan-Meier 26424753 B

Figure 3-2 Kaplan-Meier curve survival analysis of FFR "gray zone" patients in the no chest pain group
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3.3 MACE EH &% HEXZEZE COX ElYI5n 1R

XT FFR “IKIX” #F AT Z R & COX BIHA T, O % K4E MACE FAHE N AR
B (RME: £=1, f=0) , LA, thal. T8, FAL. BERKE. BRERE.
SPTHARR, BUNE A mIE . MRS BERR 8. R S K& BMI AR N E
et AT COX [RIA 5341, 4558 WonA L [HR 3.150, 95%CI1(1.193-8.316), P=0.021)]
s FFR “IKIX” HBE KA MACE 45 /A Msr g = . (R 3-2)

% 3-2 MACE SR AR R 1 2 BRI 3R COX [al A 73 #r
Table 3-2 Multifactorial COX Regression Analysis Associated with MACE Event Occurrence

e B HR 95%CI P{H
H T i 1.147 3.150 1.193-8.316 0.021
el 0.671 1.957 0.462-8.285 0.150
e -0.025 0.976 0.923-1.032 0.362
FAL (HU) -0.028 0.973 0.918-1.031 0.386
PR (mm) -0.018 0.982 0.866-1.114 0.354
BORAERE L (%) -0.004 0.996 0.981-1.012 0.778
S BEHA AR (mm?) 0.079 1.082 0.838-1.398 0.629
B/ INE E AR AR (mm?) 0.029 1.029 0.993-1.066 0.545
e IS 0.846 2.329 0.446-12.156 0.116
IG5 -0.319 0.727 0.252-2.095 0.316
B PRI 5 -0.215 0.806 0.270-2.41 0.555
W A s 0.809 2.246 0.538-9.371 0.700
BMI (kg/m?) -0.141 0.869 0.727-1.038 0.267

E: FAT AWM R BMI ik S 54k
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$4E e BAFAEMEEAT
FA4E e

AR I, 15 PCLIRYT ) EE FIZ9i6TT I 55 2 1], FFR“KX” 3% MACE
FAFRAEBAEWA L AIFF A AR ENZ . B, aTRAULEAXT T FFR “KIX 7 (1) &
HIATAWRIT R P A B H 2 A SReE . {HAE, FFR “IKIX” ¥ B35 JC MACE #
PER AR RIS T OMR 8 . Rk, AR Fid45tH 7 FFR “RKIX” 8% 25 B
#& FFR “KIX” 8 KA MACE 45 /ML Rz . JF H, FAILE. BRRKE,
S PEHUARRR St B A8 R T A N R AE I R R SR PR N B R R . R, BT N L8R
7 ik CTA X%FT- FFR “IKIX” BEEX T ARKRMMZ EE, 7 ilh AR EE AR et
FHER.

W], BEAT IZ g R I 4 2 BUORIE N 0.75, FFR {E<0.75 X155 & o ULk I
A &AM I RH TS, 2T DEFER BT 3R, FFR >0.75 [ 9 B8 42 3047 43R I
ZEHE (PCD 224N, 2 FERU RO IEHEIE T SO WU FE R R A R E 2.2%04,
FAME 7 tH 38 8, FFR >0.80 [ 538+, 2 AEFH 17 Hi 1) 5 1R 1 iz 3 2 1) O U T
ASRAURAE 0.2%054, 7 FAME 2 {36 71, 7£ FFR<<0.80 [ % It IR 3h ik i s A oh g
BEPAEREE S, PCLECGAGIT LT BAMAYIETT . SR, XU AL 5 FFE VS
W], 73.0% 9 BB AR 2503097 BB R R AEAEATA R MACE 455, 1X%6 85 JRRdt1T
M AL, SR, WL 6061, FFR 78 0.75 F1 0.80 2 [A] /bt 217 &k O ULk
e Rk, HRTA TG D E™ R (1) B RAF B SR YT, MR 2% 3 41 0.80 #f
T MzEERMBEME. H2, FFRAEN 0.75-0.80 [f) “IKIX 7 B A IR ok 5 07 T A7
TEEANHENE . Jenl I FeeR b T 2 R AT 2R g B . SE s @& F 2547h
7 K4 MACE X2 . Lindstaedt ¢ NP5, % FFR “KIX 7 & FEIR I
BEE S MACE KAER., OIFHEIET- MO E & FH R AR XK. R,
Agarwal 5 NFTFFLRIL, XFF FFR “KIX” HIE#E, 1830+17 A H PR N,
L i yie sy ARG, 238 Lz iz E#E (PCD 1) “IKIX” FFR ## K4 MACE #H
fF FET. BRMECHUEIZERI IR S HdD) FIXAR K. Adried) & ANPIRIHT 7T 45 3
FH], FFR “IKIX” 1) 8#E K M2 B @A RA BRI EARIE T F A K . Courtis %A
SIZYN T 107 4 2D — kb b BEEAR SIS A “ KX ” FFR WG, TS5BS [ N
13 7 A, 4R Ifiiiz # i (PCI 8 CABG) 5B U7 I8 4 = MACE &K 42 % AH 5% . Johnson
S N FLUE R, FFR AIAS R 45 /) 2 [BAE ARSI AR SR (1) 5 2R, FF ELAEAE X 45 1A 1) B
Ui B, 138 B E A AKX 35 FFR [ 88 52 28 7T B/ T- 25 FFR (A AR o CF
¥ FFR 4 0.64) o IRIS-FFR 107t 1 H i S KT IE 1 N 4 e RS0 ks 72 i3 A,
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g4 Wi BATAEMEHERY

BHEA “IKIX” FFREMRZEM S, EIRIMEEZE /LR HIEVISHIGIT RS, Ak,
Kang %5 A\BOF g5, XFF “IKIX” FFR FIbRE bk A i3, s EE S5k
IREERTER . RIKIFFLIEE RFEFEASH, X+ “IKIX” 1 FFR B3 2449697 5 iz &
2RI AR 25, fJ5, Lindstaedt 25 NO2Wfi5E T 97 #1I K [X () FFR &
H, A 2416 N HEPFEEVT AR, 5E EEA (PCI 8t CABG) ML, fEREHE
S MACE COURPESET . (CHUEEZE, ARSIk IMIZ EH#D PLJ S FFR PR I
FHRITE MACE FEfF AR B EMR T iz E@#H (PCI 8, CABG) . "JULEH, BLE
IR FLEE 1R RAFAE S L) . PRl A “IKIX” FER M0 H ¢ T8 (I 9T SR MR AR A
MR, JE HRELS S BEINKYE 5. RENESFHMESER R, XFraRAa “KX”
FFR ) & FEIm PR PR S ANRESRAT — JIVNGR T 5%

AU B H T FFR “IK[X” BEH K MACE 4K 4E 5 EHE G HUEA &
AR AR DG o JE AT BIURICRISP-CT (A T H SEATLIT 2 41 3 9 50 AT 1490 1 A7 PR T
WFFTIESE T B2k FAL (TS W8, 754 T FAL S0 S5 ARG R S R AR 56 . A T 5515
H FFR “IK X7 i Bl 1) 2 B R 20 5 JC R 4114 FAL 22 5%, BRVFRE IR BL X+ “IKIX 7
BB MIIGIRIRSE, FAL X —Z3nl e A48 HIBENE, X7 2 — 2 KPR B RTE T
WL WAE. BEAERF R AR, AR, BHRAFRZLHEN M EERERER, X4
PEYUBRKCINT, 55350 P R 4 i S B 40 I /8 B A8k ™ L, MACE S0 1R R AE el sy 16 001,
BEAE BT AR B, S BT AR AR A A8 25 DI PR S 5 mT g 2 2 el e R 20 B2 9 (0 M PR &5
e B, XFTHEA “IKIX” FFR B RPA, 2 Im PR PR S H 0 1] 50 v XU, 263 A
ARHREAE CAnHE R B S R R B Bk o A AE D) AT fis 51 007 081, AR A1 T
FFR “ZK[X” 35 Wy 2H 5 TR 40 R 4 2 (] IR BE R C JE . S BREBRAAR AR 2 B i A5 R B A
fEZS. H, XFKX “FFR” FIEF 2RI TS ERE, 16K SRS,
PEPUK BE S S BEHARFA R M NI PR SRS AT 5 i, PRI FFR “ KX ” 8.3 () MACE
I RAEE,

FrLAEHE NN, 24 “FFR” B O R IERT, MY4E 5T N TR G CTA 1
FAL. PEHAKRE. SBEHUARTA K i B R RE TSR 65 18, T GHM T i Kk
I R R A B R AT M 9T 5 ST — AT FFR “IRIX 7 B BIRR TS AL, Bk
VFRERE NIRRT T FFR “IKIX 7 B3 G752 . X T Fi A7 75 SR BR 1,
X — B B A 7, BE VT VR, I HAREAER A . FRATTRIAE 7 45 575 245
B 7 45 BIE S
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1. PCLiRTT K2R TT IR YT 75 AN XS T FFR “ KX B UG IFH50A RO H
HE

2275 HILME 2 FFR “KIX 7 B3 K4E MACE 455 rmarssmk &, JEE,
X FFR “KIX” B Aol 2 0 8, P4l 8l FAL(E . PEHCKRE .. SRR
IR R R AFAE G T A 22 7, PRI, 2 “FFR” B U BRI, 445 &
BT NTRHE CTA i) FALL PEERKSE . SBEPVARR K Sk B R AT SR & 5 08, 34T
BT e

S
3w

A o
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SCHRERIR

ET ALTERERRRENBK CT ME A& MR fi# % 57 8~ B T = AR sh Bk
RREITR R

WE: MfE4 730 (FFR) Z VPN R SIKE T M3 /75 7 % e hr ik, 1
CT AR BNk IE SE 1 T AN ML A% 4% 20 B (CT-FFR) & A 55 5 R 3h Bk Bi (CAD) B A,
BT BN 7 N TR A Al PR B AR AR AL Tk — P I D BV, DL RNV T R
KPR FMizERE. BT, BEDR3K CT MEER (CCTA) MFEEANE CT
17 3% 8 T F 5 I A £ 43 BU(CT-FFR) I 11 A IR . EIX R gk, N7
CT-FFR HJAEA 5, CT-FFR Xf TR BNk 05 B2 W e he sz R 2, BLACR SR &
J& 77 v) 2 R Al o

Bl MIRAE &2 8G CT-FFR 5 %RBEIAKEFR(CAD) ;5 AT HfE

ARSI IKZR (coronary artery disease, CAD) &I R & H WO ISR, HR
RANEAE BT IE R CUA A k& s (invasive coronary angiography ,JCA) s&fE
JFizWr CAD Wi&tnitE. HAT, KEMLEIMER SR H T2 W R3Sk 7% (CAD), Jf
It i e iR AT R 40 J2 B4 5 i R . SRR Bk I I A% % 53 B (fractional
flow reserve, FFR) 2 i2Wr b RS WK ILE AL B ThRE () e b,  Befr b S e O A E T 5l
RBNBKA A Dy RE 2™ AR AL, 7 H FFR 485 T B N TB YT #OIE S5 Re 8 8 5 1 a0
T CCTA 4 i FALA 715 (CFD) 3 A ik CT ML fié % 70 B (CT-FFR) AA
HFAI 5 FFR Mot = s 209, 5 ICA-FFR #HEL, CT-FFR AJ %} £ 57 M8 347
HHEAEEMDY, gr4b 7 CCTA L Witr BRI A, B4 HdE S ilm Rk 5.
CT-FFR 1E TG QI PEAL AR BN IK R B MR, =3 AR & 1 I 7 A Ak
BAEVHSE R, ARLRR A4 CT-FFR (A,  CT-FFR X TR ik i 1
CWIRRE M R R, DASOR IR I R R T7 1) e PR A
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1. CT-FFR JRE R

HAl, M CCTA i+5 FFR FIiEAFiRM . 55— M5 kR Iz sNE S B 4T,
T T 0T BEAS AR B BRORS 1) — 4E 3D) AR, T T H AN SR B AW ) FFR R, X Ff
JER R ESR AR, XA MR A CT-FFR, H HeartFlow,Inc. (3% [EANAI4E JE 01
TR IRAEEE T Web MRS . CT-FFR T 2014 4F i 25 [H £ 5 245 5 B8 71 =) (FDA)
H#EH TIRIR. 28 —Fh & SIEMENS Healthcare (Forchheim, f&[E) & 7 —Ffaifb i)
—4E(1D) HT(CFFR), A LAYEBL LR, Fib4r, (HiRiH. B CCTA it % FFR (1)
FAREHE =AFEHT . O RNBKA AR 7 @A @M AR = 5t ©MEUE
ARSI ML SR M 42 51 75 FE o N CCTA BUG P 3R15 1 st 0K 3l ORI e o0 =5 Jo 8 P i 1
BRI BENS v SR AR Bk i i &, DA 224 T B e R B ik i & 5 o UL &2 B
bt o AR 70 3O U B v 0 10 i 2 A LY 38 A — 4 (3 D) e kA8 28 v 43 S 9 3 R R /N
it — M Rk R R, =48 (3D) BIRIVEANFR T b 7, e 7 E
BEWM =08, HFEEEIE T HRELE IRV, i CT-FFR 8 ) 1F & 2 T
Navier-Stokes /7%, 1XAZGLARZN 75451 7 RPN EL B A P AR AN T R 46 11
LRERAR, LERDIRS K N B A E 2 B . KR H Navier-Stokes 5% 1] 115 H 76 R 2 ik
I YRR B AT R g o DRI, R 2 i 5 50 A s A i ) ML 3 70 2 8 A e A% LAKIUE 1)
TERFIH K F 4, A0 FFR T &E 75 24 T 24P, AT CCTA 1) CT-FFR
A5 BN 25 o
2. CT-FFR X TR 3 Bk 2 W 3k e

2.1 CT-FFR 5 CCTA. ICA tb#:: ICA S22 Wi bR sh ks ) & brve, (H 2
i SRR P AR R 2 A AR SR 2 ), FE EE ICA 8L PCL 2/, #4770
R 2 A D ZERERE . B IGIR LB ek CCTA ki ARBN kR, (H2 CCTA
AL S B ERRE, IR — BB {%. CT-FFR 1E 83— 4 &5 5/
R 22 I B AT M B2 R, BRAE 48 T I R 1) 1) 0 SE 4167 Yok . 2 T 9 S s 4761,
CT-FFR [P)4R7 72 B FH A Fo0I0EL R0 9 P4 00 {E 35 55 T~ CCTA, CT-FFR Al CCTA )52 iX#
PEVERFAE M 28 R A Carea under curve, AUC) 4354 0.84-0.90 , 0.66-0.77, CT-FFR
f) AUC B & 5T CCTA. Nergaard & —IHTEE 2 thooikSer, 452K W], CT-FFR
2 WU BTGB o P R A AR S 1k 20 51 R 86% AT 79%, T CCTA P BHUES A AR 53k 4 )
N 94%H 34% , ICA IRUBMEFIRE 577 20 N 64% 11 83%, 75 R B A I A,
CT-FFR ()2 Wit R0/ = . LA ERFFER B, CT-FFR %f b CCTA 1 ICA 7EKa
AR S L LR LA 36 56 0 R 4 (12 T 28R

2.2 CT-FFR {EDIRBNKBEH AR N A . 75— D0 [ 2 F0 it 55781, CT-FFR 445
AR 73>400 F1<<400 [X] 5 2EL[8] (1) 12 B A RE 1A 535 22 3¢ - Drriessen S5 U8B 9% 2 78 CT-FFR
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XF T BB e R PR A R € R T AEPEREEE T, Mrgan 2550
PP T BEEUS AR BURES AL BE B . AREG AL B HORMIC 3 L ARG A BEB 48R, CT-FFR<C0.75
BB AE A BEE AL B BEBAR AR B, (H DO ARG AL BEER AL 047 5k 2 3
Mickley S50 #a € PRI SR £ T2 e ARSI 10 8 3 BT 7T L, 546 AR 73 >399 HI K
ZHEEH) CT-FFR<0.80. [FJFE, Lee 5 ALESVETE ISR A AR A A, i KU TE
B R AT B CT-FFR MEK . TRl SO e R W], BEsR 1)t i = 3 80 CT-FFR fH
M98, CT-FFR & BEBLiE i i) B 2 H0 A 1

2.3 CT-FFR Tl G R 45 55 : ok H E P ADVANCE Zc AR 5083 1 etk h ik
WG, Patel ZBUNFFE M, 5 CT-FFR >0.80 fH# M, CT-FFR<0.80 HEH KA
O FET B O IUREFER B £ . CT-FFR<C0.80 B FH W Mizs w4, LIMEARE
PERRAR, O FET B AE 2 38 PR, ERH T CT-FFR Xt & IR IR 45 R R I
TR o —TRTHE T 4 A28 N T 206 Blka e CHD s, FEVGRTEIA 4.7
L BT MARSETL. OISR M EE AR R G A R, ARER,
CT-FFR PH{%( CT-FFR<X0. 80) Zit# % CCTA PHME( BRAER=50%) Zik#H H L4 %
PRI R AR R (73.4% vs 48. 7%, P < 0.001) , FH] CT-FFR X} B s (3RS0
T CCTA, CT-FFR {& FJ1EJyllin R 45 Jm (R B S 1 R 1

2.4  CT-FRR By HARIGIR S W 2che : 5T CT-FFR 12 Wb 20 g i 52 U7 831,
CT-FFR>0.80 $&7~ 1%kt 5| & O WLEk i 1 v et /N, CT-FFR <0.75 WI$g 7~ 1% k- Ay dik
MARARZS S e R BNk CTA A CT-FFR 455, Xt 952 44 .35 (95.2%) MM % 73 30 (CT)
BARHEAT 7007, SRR CT Mk, FEIGREATHRM T B E X, 1M CT-FFR /¢
T 0.75 ~0.80 Z[AI AT B A7 A A ] ZWS B BAPE R kL, A “KEXE” , £FH#ATICA
R NI T R AT A IR IRME B2 5% 8. CT-FFR (ARG e IR s ik i 8 () 8 A5 FE
f%, Kitabata ZENFHE A HATIEPERIZIN T 1000 170 IR BBk B, e EE A
gt RE M G R R A8 = AL E I N T CT-FFR S AT fet:, JFHRE CT M
SRS R () S S PR R 0, 6 T B ™ E R R LRI R bl U REAE R ST ), A
PEHLRR, FHACBEHARN, BEHCK A BB 2> 50% 2 O LS I ¥ 00 K7, 7tk 30
Jik CCTA &4 CT-FFR 7] [F]I WS AR B 72, PPk DhREAT I LA . [RItk, ] DASHE
U2 WO USRI . Mesnier Z585140 N 338 451 /™ EREIR 14 3 B Bk Sk 2 B 3%, CCTA I
CT-FFR [{1i2 W50 518 66.9%F1 87.6%, 45 F: % CT-FFR & 1 CCTA [
Wik Ze, JoRa @SRRI, FEHIIN T AT DL Ak ICA [ . Gohmann S50
N 460 1142 5% T S Bkl B B R (TAVR)FT CT K 25 (1) & 4E#%(79.6 £ 7.4 ¥), CT-FFR
12 W A0 55 0 9 P SRR 23 7] 94.9%F1 94.9%, CT-FFR FREAL S iR 41 & 1 3.4%,
H¥ CAD MIVER 2 s B = 5] 43.9%(202/460) o —TRATHENE 2 O IRR RN T
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366 SCIMLE H I 317 Bk Bl 72 & E7), 4550 EIR, CT-FFR Al CTA 1432 &
R, R R R 5N 89.9%, 87.8%, 88.8%K11 89.3%, 35.5%, 60.4%, KX
195 A2 i) CT-FFR % A 80.0%. fE Nergaard ZEB8If{AfF 504, CT-FFR % bt CTA &R
BB MIFE A RE 1 (AUC:0.91 vs.0.71; p=0.004) . [FFE, —TRHE 9 K EEST+
OS2 CTA FMZ 281 FFR 671 338 Hil 440 AF 422 24 B3 1 Rl B i 7, &5
KW, CT-FFR # CTA MRS IMEIZWIURER, R 7 32 UHERIZE 730008 0.89%,0.91%F1
0.91%7%1 0.92%,0.34%F1 0.55%, A B R BN IKiE 2 2 MUK R, K57 R AHER 250 7
N 0.94%, 0.37%H10.58%. K, CT-FFR 7555 A5 45 55 M B i A T CTA Al
BIEIREI KGR . [FIRE, HAEWFFERHUST, CT-FFR HHAlREE “ KX BB
W R

3. CT-FFR Wi R BkEm K m B &

CT-FFR PSRRI, Tsugu SEEF 0 R I 4 el IR B kA7 5 K 7 S IR Bl
fikif 2= 330 CT-FFR B /D . — UMW 50, # =48 (3D) BLAL AR 2 kT 1) B
ANEAM 1.2 mm LK E 0.8 mm, Z5HRFEH, CT-FFR FBURZEIES T 16.7%. KL,
MR AR AR AN = 4E (3D) AL IR BN AR %) LA AT B 22 52 CT-FFR X T4k
BNKBR I PEAL . Michiels ZEPUNN T 25 fi™ B R kIR E (AS) &, W& T &
HFAR (SAVR) HAF3HE (TAVR) KB A Z R Z G 6 N H B RB Ik
V), EO=EFE (M) MEHEFE (VM) Al CT-FFR H. IREW, EOLERE
TR VM B E N A FECT-FFR H MM . Holmes S5E2Mf FHAH R H g e H
W NTG) 3 SRk & &5k, B 7 L8Rk ER (V) , 4550 EH, CT-FFR
EHIFRABEE SRR AR (V) Bg M. Bk, ARSI AR N RI6 ST
K252 CT-FFR % T b RSB VEAG o SR1M, bR BB AN R N s JER N
PERIVRTT 2 A2 0 CT-FFR {H AR AT 75 E23— 0 5 . — Tirh [ PR IS R 93], &
AT 305 BT vPl 540 AR 43 (CAC) B8, CAC W 7rmly (CAC =0, >0 to <100,
> 100 to <400, and > 400) , FREIR, A CAC WordH, CT-FFR &% K2 W26
TG %257, IR CT-FFR 2 Wik ge % B M., (B2, ™ESLD
Y251k CT-FFR AN R 2 o [FIFE, #5— D [ 2 Ho st s, 8858 178401,
B4 EEFR AL (CRDD A1 Agatston ¥F4 (AS) X} CT-FFR 2 Wi RERIs2m . 25 K,
CT-FFR 7EAFEG 46K, CRI 8¢ AS /K-F RIS s, BUSME sk 50 7 T E G it
Zoto KL, EARBNIKES AT AN FAL FE FEA 2 520 CT-FFR £ S A b iR 2 Wk
REo EZZEWT LS, LT 5 MANF R 2 55 (FBP 1 ADMIRE, 58F%7KFN 1.
2. 3M15) i) CT-FFR i, %% %, FBP fil ADMIRE 1. 2. 3 15 #1 [a]ff) CT-FFR

(ML) HEEREZESR, HEEERBE/KT (ADMIRE 5) 752 XF 0 AR K5 5 1 B
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IS = AR . 45 ERTR, IREIKOEEM . P9k FHILFE R S5 A 41
B H A2 B2 520 CT-FFR X T il RN IK 00 I 0PAl o HZ, X s R BN ikt e A 2
FEAR A TT 2520 CT-FFR X s AR 30 ik 0 0 VAl 75 i3k — 200t 92
4. R 5AL

CT-FFR {E AR NNE AL R B BB I — PR MR, WS, (242, ik
BNk IR A e 2 R P2 AR 45 B, CT-FFR /& /N RE 56 4 VPl 7o IR 3 ks s 1) B 5
KA. B, CT-FFR I EAHERME. H—, —Difriki@EHte, CT-FFR X T/ T
0.75 ~0.80 (4 “ K" IS MHERI R 46%. “ KT ” CT-FFR {H K&,
ST 7 B LIS B N 254 5 R I PR A AR T RE A8 5415 B, PRI IX 0GB 14 T R 27 Ak
VIRFEAEA R 55—, CT-FFR PEALEARBIIKERIS, RO TRk A & . JR1,
TESEBRIGIR H, VR 2 2 4E e O B3 A B AN R 2 TT A RR ARG YT, W4 e
RN NIETT BUEARBN K 5 B E A AR G 55 BTLL, 75 K &I KRBT Fi kAL CT-FFR
VA EEAR B ks B3 A QR IT S I R B e 4k . 38 =, CT-FFR 24t 1 fig] (R
BB FPEE) AR S 7125445 5., B XS T b RSBk e AR B O A 58 Lk fif ) = A
MRS F7 25 W AR AT A RPEA , SR TN T s e JRUR: R 3R A7 A H TG L AR ] 2 i s A
IR 72 2 A8 1) R 15 A O I 2 SR () DA UM A AEAS AL
5. RRRRETTA

CT-FFR X & IR 20 ik 5 5 1912 Wi B A e 2 i ok fe 1 O T e T An 18, &5
ICA-FFR A EEH 2 A SEAR ) KBS AR A . CT-FFR {H CCTA ) CT s &2 it
KT IRAR (T RS B B (015 2, CT-FFR B A& Hofth 36 1 I8 B 2 0 1 3 fl A R R 2 v
CT-FFR 2 Wil RSN BKGR K2 W R 2 S i AR B — A7 R — SR CE 6 T
X7 TH B 230, WA EETE CT-FFR A s 0 skt 30 ik & 6l 1 5 2H 23 (PC AT) J8Ui 4H 22 A AL 42
5 CT-FFR Wiz . &2, CT-FFR /EA—TZWi R s ot a7, Wirae
B SR B Bk B2 Wi AR, AR AT 75 it — D R E M R 78 B AR SCHE
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