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4 fiE (acute coronary syndromes, ACS) f 35 Fl 206 {7 F & B CAD &3 o W& G0 SR ACS BUAE i afn A1 =l Sk i
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[ Abstract]

index (FAT) in patients with coronary artery disease (CAD) across different risk stratifications,

Objective To explore the differences in coronary-based and lesion-based fat attenuation
and to
compare the diagnostic efficiency of coronary-based and lesion-based FAI in stable CAD patients with
myocardial ischemia. Methods The patients with CAD, who underwent preoperative coronary CT
angiography (CCTA) and invasive coronary angiography (ICA) with coronary fractional flow reserve
(FFR) measurement between Apr 2019 and Oct 2022 in Zhongshan Hospital, Fudan University, were
retrospectively collected. There were 57 cases of acute coronary syndrome (ACS) patients and 206 cases of
stable CAD patients included following inclusion criteria. The coronary-based and lesion-based FAI were
measured, and the differences in these indices were recorded and analyzed among ACS patients, ischemic
and non-ischemic groups of stable CAD patients (FFR=0.8 as the threshold). ROC curves were utilized to
assess the diagnostic efficiency of coronary-based and lesion-based FAI for myocardial ischemia in stable
CAD patients. Results The coronary-based FAI and lesion-based FAI in ACS patients were
significantly higher than those in stable CAD patients [coronary-based FAI: ( -72.40+ 6.83) HU ws.
(-76.82+9.01) HU, P<C0.001; lesion-based FAI: (-65.65%4.79) HU ws. (-77.48 £8.64) HU, P<<
0.001]. Among stable CAD patients, the lesion-based FAI in the ischemic group was significantly higher
than that in the non-ischemic group [ ( =69.28 £5.65) HU ws. ( =80.10+ 7.75) HU, P<(0.001]. The
diagnostic efficiency of lesion-based FAI for predicting myocardial ischemia in stable CAD patients was
superior to coronary-based FAT (AUC: 0.892 wvs. 0.525, Z=9.803, P<0.001). Conclusion

based and lesion-based FAT tended to be higher in ACS patients than in stable CAD patients,

Coronary-
suggesting a
potential for stratifying CAD patients with different risks. Lesion-based FAI showed some promise in
evaluating myocardial ischemia among stable CAD patients.
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56 R B ik %2 9 (coronary artery disease, CAD)
B — b B FE R B ER RO R JuiL\Iﬂlr&g'E
iE, 32 K JE R AL A S o IR B Tk & A
(acute coronary syndromes, ACS) il §a & £ CAD
AR ACS B FIAF AR LBk I Y 2 7E AL CAD A
T A A Y O I A B 3 (major adverse
cardiovascular event, MACE) #1 & A %t T & K
G, B0 X B E 2 9T R B TR X
AR,

B PRE ST B BN Ik ks A A58 A B e g 3 AL

il o 7 CAD & & i, 5 IR gl bk it 48 BE 55 e bk J&)
JIE i 41 22 (peri-coronary adipose tissue, PCAT ) il i
S RE AL R £ 5 e e 1 i . PCAT (19 B8
15 5 9 35 %X (fat attenuation index, FAD)AE & — Fi 11
ﬁﬂﬁlﬁﬂﬁxiﬁ?%ﬂiﬂ:ﬁ%%b PEW AW AR 2 A
Py BB 2 I R WE ST IE U] R A8 1 3 3% CAD
e U D870 o = S

H B 2R W R FATIN &5 20— & 0 5 A8
JE| BBl F AT, BIAE 5 22 08 FF B B ok B 28 5 A8 4 3 119
PCAT i Bl N 315 HU {8, 58 03T J5 35 9 0 #1855, 7T
T2 WL A ok PR T 1) S 46 P 5 R I 4 R L AL, B
T A ik 3 T I 4 4 AR I PCAT /9 -F- ¥ HU
B, B AR E MR R G M S A R A 3h 1k
Bt W Ry S B A G, 38T s 0 L Bl
U 50 1 A8 AU T, {H 76 0 37 5 1A TR
]« ¥E A8 FAT S I8 A R fE VAN 5 3 & fE B e,
M5 FATTE R 42 B KU 4 )2 S5 R U7 W, e
Ab A TR It 7 XA GO0 AR P B B ARk
ME SRR P m AR F 22 5. HAn MR R 5
Pl 45 i #0955 A5 JE FBL F AT R A 1fn 4% J) Bl FATAE ACS
B SR E R CAD B (B i AR Sim ) (7] /9 25 57
PE o AW FE SOV AG R ) fE B 43 2 19 CAD f8 34 (A
FATRY 22 5 It — 3R FATVE N AR L W2
WYX T CAD B #H FLR 40 2 1l 171



ARBLT L 55 T 56 Sl i 5 50 D 00T 20 1 Ik 455 A RS A 28 R 1) IR, 4028 PP Al 831

g T ERES

I PR B A ASHIESE hy Il B BF 5%, 6 42 HLUR 2%
B I T ol B2 B 4 B 22 51 2 b vE (B2025-191) , L ifE N
5 TR i N BE AT B S I PR 191 14 52 A8 5 0 T k)
HEAT W 43 A7, T] 2 6 e J8 3 0 W) 2 R k)
% 2019 4F 4 H % 20224F 10 H £ E B K=K g b
L BE B P ACS 808 5 B CAD BEi2 I B AF s B %
A RAE S NP 95

ACS g8 A b e - (1) B2 Wk A B PO
ZUE AR ST Bedh m B0 URESE 5 (2) 7 ACS KA i
1RNHEZ T CCTA R A . AR 36 .0 JIE e
gy /FEELD R S fe AR E MO U E X
S AE 2 JE A2 B SR BT R K SN EE A S AE
PR TC A WA A R, R ST B AR = 70 LA B
FE SRR ULC L TR ST B4 v I H B B 1ff A bR G
WUARE Y T . FaE B CAD 20 Abse: (1) I
KRR BE B 12 CAD T 8252 CCTA K 25 K A7 e 4k
3l ik i 5% (invasive coronary angiography, ICA) 1 7
Jik Il 46 2% 59 B4 (fractional flow reserve, FFR) PEAS
f R RO R, CCT A K £ A FRR ) 4 ] Fi
I B A 7 R (2~14K) 5 (2) BAHF 14E>50%
A= 1 e AR B ks A2 o HEBR bR v < (1) BE7E A 5 ik
I 32 5 A o5 (2) BEAE A 0 WU BE 505 (3) IR 5 i
ANEM . Ak RN A ACS B 57 4, o e Al
CAD H % 206 i . ¥ FER I & 45 58 8 fa e
CAD B3 ¥k — 4y Jy B il 41 (FFR<<0.8, #=50) il
Bk L0 (FFR™>0.8,7=156) .

CTHH HHRE N RZH M 320 218k
CT (AquilionONE VISION edition, H 4% Toshiba
Medical Systems 23 7] ) , & M £% 96 & b 160 mm, )2
J& 0.5 mm, g% &M~ 275 ms, H K 120 kV, HL
300~350 mA . A A Hij B HEAO R >60 /5, U8
SR TR A7 o, (0 B B 60 K /4 LR s H#
FWRET S TIA BE S N SRR H . s
LA 4~5 mL/s 281 i Dk 45 0 v P T A 2 3% 2208
A G ) A (370 mg 1/m1) 40~50 mL+4: # 45
K30 mL. R Hfilk & 448 DABE 32 sl bk Ok Wa il A, 59
3 2 R 300 HU, 1 H#98E [l [ AU BE 22 KF 2o
JIENR T T 2 emo CCTA 43 8 509 A 204 5 57 &
(effective dose, ED) T3 AR N ED=F & K &

F(dose length product, DLP) X 0.014", Fr 47 E1%
A DL DICOM A% R A7 4

CCTA & #f

Jedn % B B FALSHT OB TA CCT A $udi f& i
2 5 4b P T AE 35 (uOmnispace. CT, BE B 57 ), i ¢
TR A B U 35 P o A e A 1 PRGOS SR
o0 I A R B 88 a4 o A2 HT % SZ (left anterior
descending artery, LAD) fl 22 [7] Ji€ 37 (left circumflex
artery, LCx) I AR 3l Ik 73 32 IF 1 Ak 2 3% 22 )
40 mm; 24 & 50 3 B ik RE 52 1R, A i AR 3l ik (right
coronary artery , RCA) B FF 11 4k 10 mm 2 % 2% 2
40 mm'" . DL/ I LA K A G0 B R DA
L4 A1 EE AR S A8 ] BB, DA L4 A1 B ] A1 e TR
Bl 2H 24 Oy it 45 J&) BTG 07 2H 22 (perivascular adipose
tissue, PVAT) By &30 617 Sk B AU B 30 3 B
HR 5w, T3l G 5 HE B A /DS 3 S 50 R i Dk
FRAER X3 . FATZE XA PVAT W BIE , 390 A
THE Y i s 20 2 % BE Y5 B D -190~-30 HU , JH AR fF
A 3 R A Y F AT

Jegm R B FAL 47 (e Ak B T ARl A
B M 78 A AN BE B 8 B FATR TN B . 78 ACS & h
3BT B 718 R e, o 8 B B B R T 2 RS Y
QIR E L7k . ol ICA P S E 2t 6
PR A € LR (D TE 2 AR IE 4 ; (2) 2
AL ZR BE L2 (1597 I 2 BB I LA ) 5 (3) X i
S IC 0 H PR R B A XS B R TCA B R 1Y
B A2 5 CCTA BEAT i 1 45 #4) VT L , DT T A o
(1) 43 32 IF 171 55 95 A2 30 37 i e ) s 5 — Bk 5 (2) R
FH = 4 P AT 0 A AT G (3) e AR K
i 25 <5 mmo XF T oRiE PR AR (e o I K =
20 mm [ 2 LEREHR ) | 36 15 BE B 4 A B K (BEHAR R/
I A8 AR B X100 %6 ) OB 7 F2 B2 J5 7™ Y 1 Be AR
B AR o T A I B I ) G Y 2 P 4 M ST S AR IR
IR TN, A7 76 0 5 B Pl 55 = A0 B TR B ORI T . 7R
JE A CAD 8 & v 43 B 56 Dk B 7 fe ™ 0 Ak ) B 3k
CCTA BIME T AT, B2 i B4 | 3 32 BUe R 3
AR %) H O 2 0T ) BB B AR AT O R R . DABE
B i Ak 22 50 P i s kg N 1) DU i B R, DA i A A
HAR A I BB, A IS A BE [ S B TR L 4 21
SR DN PR R A TSR Y 2 2 B L
-190~=30 HU, H % B 2l 5 88 95 22 5 7 20 4%
JE P EMA
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FOERIRELINOTEESENE H
2295 F 5 1O BEA A B IR ST 4T ICA K 2 Fl T
i o X AR T 2 mm Hope7E B8 M A 50 %0 A9 A8
T K, AR ERE SRR AR 49 (140 pg-kg ' min™) i
R ASAMAKRET K FFR K 1 & 4
PressureWire Certus™ ( 38 E 2L i85 B 97 A ) ) it A
K #EAT FER I &, 753 8047 0 FFR B9 4528 8 FFR
0.8 78 A LSRN . A8 A B ACS B35
W Z iz o, R MIET FEFR A

FItFESH R SPSS 27.0 K AFSEAT G4
Mt , & H GraphPad Prism 8.0 ZK {F/E K . fF & IE&
AT R OB &+ s FToR L RAE A IES A T
R M(Pos, Pro) 3R s THRCBERER A n(06) 3R
7N o K H Shapiro-Wilk £ 45 43 A 11 & 5% B9 1E 28
PR TH o TR R A A HoJr 25 550 4L )
3R T Student”s ¢ K5 35 5 e AT 285 55 5 #5162 IE S
AR T 22 4R SF A R ] Weleh” s XUBEAS £ 45 56

*1

Tab 1 Baseline characteristics of study population

A ANl R IEZS 43 A, SR ] Mann-Whitney U £ 50
THECPTRE Y 20 18] Fe 8RR O K 3 . T ROC 374
F AT 56 Jjk 2 B 1 B 78 #4912 Wi v RE

45 E

— AR ARBEIIEGA 263 ) CAD B (£
1):ACS B 5761 (396, F 4RI M (63.9 +
9.26) % ; FE B CAD 55 206 ], H bk ifn 2 50 151
(36 61) , 4 A (62.2+7.27) % AE B 1L 4H
156 ) (5 1 113 4] ) , - B4R 4% Ry (63.1£8.02) %
76 XU DR 2% 0T8T, B PR 6 57 1], 5 10 150 491, 26 1l B
15481 VR 2 107 1), A5 600008 S0 S 5 10 1], 4% 2 A8
HEfEmEEZRLREIT B FERZETTIH,
191 5] (72.62%) #§ 22 43 4 T 76 1 K& 3, 49 £
(18.63 %) 43 Aii F 722 01 HE 32, 23 ) 43 4 T A+ 76 4R 2 ik
(8.74%)

W5 X SR B A HFAE

[n(%) orT+s]

Age (y) 63.9+9.26 62.2+7.27 63.1+8.02
Male 39 (68.4) 36 (72.0) 113 (72.4)
Risk factors
Hypertension 34 (59.6) 28 (56.0) 88 (56.4)
Diabetes 15 (26.3) 11 (22.0) 31 (19.9)
Hyperlipidemia 4(7.0) 3(6.0) 8 (5.1)
Current smoking 20 (29.8) 21 (42.0) 66 (42.3)
Family history 4(7.0) 2(4.0) 4(2.6)
Lesion
LAD 47 (82.5) 41 (82.0) 103 (66.0)
LCx 4(7.0) 7 (14.0) 38 (24.4)
RCA 6 (10.5) 2 (4.0) 15 (9.6)

1.046 " 0.298 0.618 " 0.537 0.706 " 0.481
0.163" 0.687 0.329" 0.566 0.004" 0.952
0.146" 0.703 0.179 " 0.672 0.003" 0.959
0.270" 0.604 1.024" 0.312 0.106" 0.745
<0.001" 1.000 0.038" 0.846 ¢ <0.001" 1.000
0.538" 0.463 0.904 " 0.342 0.001°" 0.969
0.065" 0.798 1.224°" 0.269° 0.002" 0.966
0.004 " 0.951 5.411°" 0.020 4.593" 0.032
1.408" 0.235 7.931°" 0.005 2.380°" 0.123
0.832" 0.362 0.039" 0.834 0.922" 0.337

ACS: Acute coronary syndromes; CAD: Coronary artery disease; LAD: Left anterior descending artery; LCx: Left circumflex artery; RCA:

Right coronary artery; FFR: Fractional flow reserve."Independent samples /-test (3*value) ; "Pearson Chi-square test (£ value) ; ‘Fisher’s exact test.

AERK S ER CAD 2E B RIFMEFR K E
Byttt #E— A% ACS4H (#=57) .FFR<C0.8 4
(n=50) & FFR>0.8 4 (n=156) (I BE L 8 (£ 2) .
3T BEBOIE AS F B AR, ACS 21 A4 BE B K [22.80
(13.50~41.85) mm] i & K T FFR<C0.8 41 [ 16.65
(8.70~28.72) mm, P<(0.001] fl FFR>0.8 41
[12.45 (6.90~22.35) mm, P<C0.001] . 43 #1 5 He i
4y, FFR>0.8 41 19 BE e & & B [96.26 (29.62~
178.14) mm’] Fl 17 fif [8.19% (3.08 % ~14.70%) ] .

JIg B A& F1[6.80 (0.76~30.25) mm’ ] Fl 1 177 [0.53%
(0.1%~2.24%) ] J& £F 4t & 1 [3.80 (1.60~9.76)
mm’ ] A A7 [0.45% (0.16%~0.80% ) 13 i Z K T
FFR<C0.8 4 (P ¥J<C0.001) . 43471 95 728 e 25 455 10 1fiL.
B FFR>0.8 4 e KA T A [71.3200 (52.78 /6~
85.40%) | . K Bk % H 12 [52.96% (6.90%~
70.49% ) |} 58 W& e /N T AL [ 324.00(98.00~492.75)
mm’ ] ¥ 5 F K F FFR<C0.8 41 (P ¥]<C0.001) .
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85.77

84.00

71,32

Tab 2 Plaque characteristics among CAD patients with different riak stratification

[M(P,,, P)]

Maximum area stenosis ( %) 0.386 <20.001 <0.001
(70.82, 100.00) (64.70, 92.92) (52.78, 85.40)
. . . 68.00 68.32 52.96
Maximum diameter stenosis ( %) 0.369 <0.001 <0.001
(51.07, 100.00) (46.02, 80.623) (6.90, 70.49)
. 225.00 180.00 324.00
M 11 2 0.936 0.002 <0.001
LN e O ) (0.00, 477.00)  (105.75, 351.00)  (98.00, 492.75)
22.80 16.65 12.45
Plaque length (mm) 0.002 <<0.001 <<0.001
(13.50, 41.85) (8.70, 28.72) (6.90, 22.35)
204.77 185.10 96.26
Total plaque volume (mm®) 0.154 <<0.001 0.008
(118.41, 338.91) (71.5, 287.7)  (29.62, 178.14)
. 75.55 40.94 31.32
Calcified pl 1 190-950 HU 0.072 <0.001 0.211
AL LR UK ) (2445, 13690) (1382, 99.86)  (8.39, 79.40)
22.54 29.24 6.80
Lipid pl 1 —~100-30 HU 0.888 0.003 <0.001
ipid plaques volume ( ) (4.58, 53.40) (6.98, 53.76) (0.76, 30.25)
. 10.21 7.83 3.80
Fibrous plaques volume (30—190 HU) 0.106 <0.001 0.003
(5.84, 18.28) (3.68, 16.09) (1.60, 9.76)
17.09 14.59 8.19
Plaques burden (? 0.466 <0.001 <0.001
e Dol () (9.04, 28.40) (1459, 28.05)  (3.08, 14.70)
6.52 4.60 2.95
Calcified pl burden (190-950 HU 0.247 0.002 0.135
el e plese s wten ) (1.90, 11.18) (1.37, 9.63) (0.98, 7.02)
» 1.93 1.96 0.53
Lipid plaques burden (=100-30 HU) 0.624 <20.001 <<0.001
(0.47, 3.92) (0.91, 4.46) (0.1, 2.24)
. 0.99 0.68 0.45
Fibrous plaques burden (30—190 HU) 0.393 <0.001 <0.001
(0.48, 1.40) (0.33, 1.44) (0.16, 0.80)

AEBK S ZER CAD £2E B FAIXTLE  ACS
AW FALR 3 & T 8 CAD B3 [#210
BB FAL: (-72.40 £ 6.83)HU wvs. (-76.824+9.01)
HU, P<<0.001; ¥ %5 722 J&] [l FAT: ( -65.65+4.79)
HU ws. (=77.48+8.64)HU, P<<0.001] ., #— &4
Br&B, ACS i e il FAL S FAaE B CAD i
i 20 [0 04 R L FAT: (=72.40 + 6.83)HU ws.
(-75.86+8.04) HU, P<C0.001; ! J5 25 J& [l FAIL
( -65.65+4.79) HU wvs. ( -69.28+5.65) HU, P<<
0.001] K HE ik i 20 [ 42 1M 48 8 [l FAL: (-72.40 =

6.83)HU wvs. (=77.13+9.30) HU, P<C0.001 ; # J55 4%
J& Bl FAL: ( -65.65+4.79) HU wvs. (-80.10%7.75)
HU,P<<0.001] (1,3 3) . &R CAD &35 Gk 1l
2 S A2 A TRl FAT I 35 i T ARSI 2A [ (-69.28 +
5.65)HU wvs. (=80.10 = 7.75)HU, P<C0.001 ], Pi £ [f]
4 I 4 R Rl FAT 22 5% R 48 i1 2% 3 L (P=0.388) .
IR g5 AR IR FATTE A R 1& [ 43 J2 19 CAD 35 6]
FETEZE 5 o

52 J& FAI X %2 £ B CAD £ & o0 JL ik 1 &Y 75 i
ER  TEfRERI CAD B M4 A Bl FATH T

®3 FERKSYER CAD B35 FATM LR
Tab 3 FAI among CAD patients with different riak stratification

(T£s)

Coronary-based FAT (HU) -72.40+6.83 —75.86+8.04 —77.13+9.30 2.405 0.018 4.033  <<0.001 0.866 0.389
Lesion-based FAI (HU) —65.65£4.79 -69.28%5.65 —80.10£7.75 3.598 <<0.001 16.282  <C0.001 10.700 <<0.001
i 7.942 8.353 6.883
P <<0.001 <<0.001 <<0.001
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p=25x10"" |@ Coronary-based FAI

: — .
L pesoxlgt @ Lesion-based FAI
: [ —|

P=39%107" |
| P=l8=10”
Famd RS

FAL (HU)
2
all

-100 | 1
L ] L ]
-120}  P96<0” 1 pagxo™
SIS
YS’ qf{;} qju ?SJ qf} Qjcs

& & & &

ACS: Acute coronary syndromes; FFR: Fractional flow reserve;
FAI: Fat attenuation index.
1 AERKSER CAD £& B E FAILLR
Fig 1 Coronary perivascular FAI among CAD patients of

different risk stratification
2 WO LB I AUC {8 58 2 5 F 0% 48 i [l FAL
(0.892 vs. 0.525,2=9.803, P<C0.001) . ¥ 1fi. %5 J& [#l
FATH T2 W0 JLsk i i) AUC H R 0.525(95 % CI:
0.438~0.612) , e 6 BE L R BORE R 5 50 L A ol
B B 1500 46 43 501 R 37.86 % . 88.00% . 21.79% .
26.51% F185.00% . #4542 J& [l FAT ) AUC {8 A

0.892(95% CI:0.842~0.942) , fE#f . R BUE 45 5
FECBH P T AE L M T E 2 B 80.58% .
86.00% .78.85% .56.58% Fl 94.62% (&l 2, % 4) .
4 SR R 05 8 ] BB F AT AE O Lk 1 32 e b ] Rg
A — & N .

100 - —
» L
o
80 ,’////
i g
= | ]
£ 60 || ot
- ! I3 -
= L/
g A
2 40 ‘ Pz
it
| /./' 3 Lesion-based FAI
20 + AT T AUC=0.892 (0.842-0.942)
| Va ____ Coronary-based FAI
/ AUC=0.525 (0.438-0.612)
0 20 40 60 80 100
1-Specificity

E2 00 EE FAIF SR 45 % ) E FALS B 2 E B CAD
D BILER M AUC 53 47 B35 BT 14 8E bL 382
Fig2 AUC of coronary-based FAI and lesion-based FAI in

diagnosis of myocardial ischemia among stable CAD patients

F4 I E EE FALFI R I B B FALETIS BT 1% B LL 5%

Tab 4 Comparison of diagnosis performance between coronary-based FAI and lesion-based FAI

Coronary-based FAT 37.86 0.525 (0.438—0.612)

Lesion-based FAI 80.58 0.892 (0.842—-0.942)

88.00 21.79 26.51 85.00 1.125 0.5507

86.00 78.85 56.58 94.62 4.066 0.1776

PPV Positive prediction value; NPV : Negative prediction value; +LR: Positive likelihood ratio; —LLR: Negative likelihood ratio.
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