EREMANE $39% H28 2024548
346 Journal of Medical Biomechanics, Vol.39 No. 2, Apr. 2024

X E RS :1004-7220(2024) 02-0346-09

7 AR B Bk IS 2 B IR PR 1 5 B X 21 ST BRid | 2
NALAESE B 212 PCI R EF i WiIEE N &

B, O O&", &R, mEHR, & &'
(L BMERCERHR B B O IR TE35 G 22100252, B BRI 55— I PR EE22B2 , TE35 4 221002)

WE.BB B R 30 bk 52 5006 2R BH 7 38 % ( coronary angiography-derived index of microcirculatory resistance,
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Prognostic Values of calMR for the Prognosis of Patients with
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Abstract: Objective To explore the prognostic value of the coronary angiography-derived index of
microcirculatory resistance (calMR) for major adverse cardiovascular events (MACE) in patients with acute ST-
segment elevation myocardial infarction ( STEMI) after primary percutaneous coronary intervention ( PCl).
Methods Between September 2019 and March 2022, 541 patients diagnosed with STEMI at the Affiliated Hospital
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of Xuzhou Medical University were enrolled. The calMR was calculated using the FlashAngio system ( Suzhou
Rainmed Medical Technology Co., Ltd.). The patients were divided into MACE and non-MACE groups
according to the occurrence of MACE during hospitalization or follow-up, with MACE defined as all-cause
mortality, heart failure readmission, and unplanned revascularization. COX regression analysis, receiver
operating characteristic (ROC) curves, and Kaplan-Meier survival curves were used to evaluate the prognostic
value of calMR for STEMI patients after primary PCI. Results During the 1-year follow-up, 61 patients (11.28% )
experienced MACE. The patients in the MACE group had higher calMR values than those in the non-MACE
group. Multivariate COX analysis showed that calMR was an independent risk factor for MACE. ROC curve
analysis showed that calMR predicted MACE with an area under the curve of 0. 688, and the optimal cutoff value
was 25.3 U. calMR significantly increased the discriminant and reclassification indexes when added to a model
with clinical risk factors. The patients were further divided into a low calMR group (calMR<25 U, n=377) and a
high calMR group (calMR=25 U, n=164). Kaplan-Meier curve showed that patients with calMR=25 U had a
worse prognosis. Conclusions calMR is an independent risk factor for poor prognosis after PCI in patients with
STEMI, and patients with calMR=25 U had a worse prognosis.

Key words: acute ST-segment elevation myocardial infarction ( STEMI) ; coronary angiography-derived index of

microvascular resistance (calMR) ; primary percutaneous coronary intervention ( PCl) ; coronary microvascular

dysfunction (CMD) ; major adverse cardiovascular events (MACE)
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AR C 2 Hoe 3  (HHA R 2 8Us RAE
TR B Y BRI, 2 50% Y
STEMI i & 7E 28 7 56 IR 3 Bk £~ A ( percutaneous
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(A4 S B T, Hou %517 AFFEIESE, calMR AJ LA
ER T STEMI % 2.2 PCL ARG 3 M A A=)
RERYPR NGB, LA, calMR I8 J2: A B SR 9 (1418
P Bk 2 A 1IE ( chronic coronary syndrome , CCS) 3%
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18 % ; K9 24 h W4T 202 PCIL AR RJ5 TIMI IfiL
WA 3 P HEBRARUE (n=93)  BRAE.0 ) 38 9
$(n=13) s BEAE O WUREBE 5 s 5 B 18 5 4R 3 ik 55
LA A ( coronary-artery-bypass-grafting, CABG ) Ji%
B (n=4); GIHHFE DAL (n=5);E>F

BATF AT ER (n=T1) 5 LIRPER S
PR B 4x B RS, 55 b, R BR Rl U5 O IR
(n=10) , %3t 541 {f] STEMI B H P AADFFE
HOREAT 1 ARBE YT, AR A A e mBE U5 I ]
544 MACE 43 MACE 4 (n=61) FldE MACE
H(n=480), ABFZEH W BE > BT , 22 0% JH B2 7}
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Tab.1 Comparison of clinical data for patients in two groups

R B Je B B A8 B2 D1 e A AL, 0 JE 38 KUB /N
o AU R
1.2 IEARFE R E

W SR BOAE IS PRI B, SEg A A A AR A
AR PR BRIR | SUIE I B ah =R % R s
B AR 2 IR | 0 R 0 WLATLES
A T (hs-cTnT) | W AE % 3% R ¥ig Pro i £} JIK ( NT-
proBNP) (W {H 8 il C-J v 2K 1 (hs-CRP) , LA J &
F AU ZE B 1ML 438X (1eft ventricular ejection fraction,
LVEF) Killip 4% . TIMI IfiL 37t 43 9% 34 97 5 50 A1
AERE(NFEL) .,

£t 4k MACE (n=480) MACE (n=61) P
BHHE
iR Yo 62.11+13.02 64.00+13. 44 0. 287
i NEL 374(77.92) 50(81.97) 0. 469
Killip 748 0. 001
I % 420(87.50) 44(72.13)
I Il Vg 60(12.50) 17(27.87)
LVEF(%) 52.0428.32 47.93%11.50 0. 001
TREWRE
TSH/(mIU-L™") 2.74%9.37 2.07+1.98 0.579
TC/(mmol-L™") 4.35+1.06 4.51%1.29 0.275
TG/ (mmol - L") 1.56+1.09 1.2920. 89 0. 065
LDL/( mmol-L™") 2.75+0. 86 2.81+1.15 0.623
HDL/ (mmol - L") 1.01x0. 25 1. 0420. 30 0. 451
A/ (mmol -mLL™") 6.76+2. 84 6.77£2.67 0.977
hs-¢TnT/ (ng-mL™") 3 692.00( 1 531.00,6 277.25) 4885.00( 1 696. 50,10 000. 00) 0.018
NT-ProBNP/ (pg-mL™") 1398. 07(723. 25,3037. 25) 2 127.00(1 182. 43,3 610. 00) 0. 002
hs-CRP/(mg-L™") 14.00(4.93,38.20) 29.40(5.50,73.95) 0. 049
RAER
Fif =] DT Ak 467(97.29) 58(95.08) 0. 409
P2Y12 A4 480(100) 61(100)
fiT 452(94.17) 57(93. 44) 0.774
KK T G 78(16.25) 12(19.67) 0. 499
RAAS #ii5] 246(51.25) 24(39.34) 0. 080
B ZARAEHH 393(81.88) 46(75.41) 0. 224
B2 A i 54(11.25) 10(16.39) 0.241
R I HHE
PCI AT TIMI IfiL 3 53 2% 0.083
TIMI<1 352(73.33) 51(83.61)
TIMI=1 128(26.67) 10(16.39)
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gLk
eI 4k MACE(n=480) MACE (n=61) P
B KA 5.95+2. 11 5.48+2.57 0. 106
FER- AT THF ] /min 301. 17+417. 62 386. 40+491. 41 0. 142
AT 2238 52 15 [11] /min 77.51+85.36 78. 08+30. 57 0. 959
S AR -5 2238 5 15 [19] / min 378. 68+439. 74 464. 48+498. 41 0.158
ETREEZNEEFIER
calMR/U 21.67£10. 80 26.27+7. 69 0. 001

B ISR EZE 0 (%) LB P25,PT75) R ; LVEF—Z2 5 1M /345 TSH—AE R BR LR 5 TC - B IH [ B 3 TG — 8 H- ¥l — g ; LDL—
(R NG 11 HDL— 35 %5 BE NS 2 1 s hs-c TnT— #8500 IUVLAS & 11 T NT-ProBNP -2 5 A 3 Pro MX4MJIK ; hs-CRP—#B45 C-J i 55 11 ; RAAS— 15 2-
I A5 B 2R - [T 2R 45 5 P CI—28 B2 SR Bl Bk A AR 5 cal MR =56 Jik v 52 S0 PR BEL T3 8 4

1.3 calMR IE

calMR i 1F FlashAngio 4t ( 7 M 5 fE B J7
BHEARA D) MAE (WK 1) . KT calMR & 1)
VAR AN A A RIS TR A S PR A R
AT

calMR =p,

L

K * 0gigote

Sty p B L B3 3 5 P
LA 80 A A 1 38028 S 06 B RS v N
T 5 ANET T IR I 378 sy 7 ) B O 5 KRR R
K 0ot T Vginote 5 LYK, calMR 23 T 1
SEET TR I TS Y T PR P T 8 2K, calMR 5 &
22 IMR )2 22 2510, T BB JC 32 JE L (instantaneous
wave-free ratio,iFR) '/ 5342 FFR lYE A,

E1 calMR &

Fig.1 calMR measurement

TR K i 52 1 3 A A0 A v 1 6 K 3 5 i
T, FARTT MR & 52 i DL e e | Ak 258 R A0 1 4
RS, 10 s AR AU LA PSR L 1) 3 52 TR R
PIARALIE ) =300, & 5 AFR HESE K (29 4 mL/s)
TR Jik 52, R ke A M4 R E B, calMR
SR 2 2RO BB 23 BT AT 25 2R A
T DT 541 44 B B SRA0 178 1L iz A
calMR,

1.4 HHMHRER

it 1.3.6.12 A WIS BEDT U T2 iz U
IR ERCE I R DL, MACE A B 93 Y 3 B8
& SCNARBETS 0 I3 i A B AR TR 1Lz
HA, O R A BEHOE S P B B A AE
AREAAE T P9 U B, 75 2 Dk 72 5 A1) IR 6B 7
FLHBEIZ W0 Tyt i R U i B 3 2
YA E O N H A BRAUS E— D AR BT,
L5 SitEHE

K SPSS 25.0 LLK R 4. 0. 2 81T 51T
53 M7, GraphPad Prism 9 2 il KR . B A 504 3
H Shapiro-Wilk ¥5#E17 IE & MK 50, 45 & 1IE 5 7
A S DA (P B £ b5 1 22 ) Ko, A A e
BRI S AEA o K 50 5 AR IR 28 70 A 19 1 2278
DA L% (P25, P75) 3o, 21 6] He AR TR RS
55 3 2R B LR (o 1) Ko, 2R 1A R
R 50 5% Fisher KEHIK 46 . £ M & COX [
53 Hr S35 i STEMI & 212 PCI A5 & E
MACE By A ¢ W & 2 il 32 ol & T 4E & Ak
( receiver operating characteristics, ROC) ik, it
FHh £k T | X (area under curve, AUC) , DA #7
calMR %I MACE & A 4 35000 # {5 F 0 o4 03
7725 B3 (net reclassification improvement, NRI)
e B 25 & H) 5 2k 3% (integrated discrimination
improvement , IDI) 8 £ 1Al B A5 calMR 445 5 75
S ) 0 SR 43 2R R ) O T A 0 5 AL I R
fE B P ZR (ZE = 4 i o % Kiillip 53 4%0) 1) 2 5
RIGHAT HEH 5 LA ROC il £k 45 Y do A 80 {3 —
A 434, 2R Kaplan-Meier 4 77 [l 2 43 #1 45 J) &
P R VAL P 8 2 18] i TS 22 5+ . P<0.05
hESAGIFE L,



EREMANE $39% $F28 2024548
350 Journal of Medical Biomechanics, Vol.39 No.2, Apr. 2024

2 #R

2.1 WABRERREROLEE

3L 541 il B WA AR ST, K Y AR RS
(62.32+13.07) %, Ho B Pk S 3 424 44 (75.58% )
s MACE %) & A= 5 6 [ 3% 53 B MACE 2H (n =
61,11.28% ) FlI{E MACE #H (n=480,88.72% ) ,MACE
1 549E MACE 4B EAH L, calMR [ (26.27+7.69) U
vs (21.67+10.80)U,P=0.001] & T+, LVEF Bk
(47.93%11.50 vs 52.04+8.32,P=0.001) , #&HLC AL
WL45 % 1 T (hs-cTnT) [4885.00 (1 696.50,
10 000. 00) ng/mL vs 3 692.00 (1 531.00,6 277.25)
ng/mL, P =0.018 ] V& K g Pro-fiik £ K ( NT-Pro
BNP)[2 127(1 182.43,3 610.00) pg/mL vs 1 398. 07
(723.25,3 037.25) pg/mL,P=0.002] & C-[ W&
1 (hs-CRP ) [ 29.40 (5.50, 73.95) mg/L vs 14.00
(4.93,38.20)mg/L,P=0. 049 | ¥ BET E (WE 1),
2.2 BHREZEMEZEZE COX HIA

BN ZE COX [ 4#H7 i 7R calMR (HR, 1. 028;
95% CI, 1.011 ~ 1.046; P = 0. 001 ) , hs-cTnT ( HR,
1.000; 95% CI, 1.000 ~ 1.000; P = 0.002) . NT-
proBNP ( HR, 1.000; 95% CI, 1.000 ~ 1.000; P =
0.007) .hs-CRP (HR, 1. 004;95% CI, 1. 000 ~ 1. 009;
P =0.040) . LVEF ( HR, 0.954; 95% CI, 0.930 ~
0.978;P<0.001) . Killip 7+ %% ( HR, 2. 460;95% CI,
1.405~4.305;P=0.002) 5 MACE My % EH %, ¥
P<0. 05 RS2 N Z 9 A L7585 COX 4 iy |
BRI N R 5, &P calMR (HR, 1.027; 95% CI,
1.009~ 1.046; P =0.003) . LVEF ( HR, 0. 960 ; 95%
CI,0.937 ~ 0.984; P = 0.001) . Killip 4> %% ( HR,
2.400;95% CI, 1.364 ~4.223; P=0.002) 5 MACE
MAZAHIG (R 2) .

2.3 ROC &#f

ROC 73 #4532 W, calMR Tl STEMI H %
MACE ) AUC Jy 0. 688 ( C195% : 0. 623 ~ 0. 753, P<
0.001) , Fc AR Jy 25.3 U, REUE 0. 623, 45 5
£ 0. 744, 254650 0. 367 (WL 2) .

A5 ROC FRA5 M AT E Ry 25.3 U, X 5
HAGX T calMR A58 BT 20 A B e A T 25 U
et O K R — 25 7 R calMR <
25 U4 (n=377) Ml calMR=25 U 4 (n=164), It

F2 COX EEASNH
Tab.2 COX regression analysis

P PAIRI R AT EACEY
= HR(95% CI) P HR(95% CI) P
1.028 1.027
calMR 0. 001 0. 003
(1.011~1.046) (1.009~1.046)
1. 000
hs-¢TnT 0. 002
(1.000~ 1. 000)
1. 000
NT-proBNP 0. 007
(1.000~ 1. 000)
1. 004
hs-CRP 0. 040
(1.000~1.009)
0. 954 0. 960
LVEF <0. 001 0. 001
(0.930~0.978) (0.937~0.984)
2. 460 2. 400
KILLIP 44% 0. 002 0. 002

(1.405~4.305) (1.364~4.223)

TE : cal MR — 52 Wk i B S06 2R BH 1 38 585 hs-cTnT— B 4.0 LA
2 T;NT-ProBNP -4 5 A 35 Pro i 44 ik ; hs-CRP — B L C-J2 I 2k
H; LVEF-Z2 ZE 4 i 5041,

1.0 -

08}
06}
i
B
® 04l
02}
AUC=0.688 P<0.001
0 02 04 06 08 10
1-5E 5 B
E2 ROC %k

Fig.2 ROC curve
TEAUC J 2 F I

AR ET IR R LZ I, 5 calMR<25 U 4
AHEL, calMR =25 U 41 it 3 NT-ProBNP [ 2 010. 26
(1021.00,3 921.42) pg/mL vs 1 316.00 ( 682. 60,
2 667.57) pg/mL, P<0.001] Fl hs-cTnT[ 4 889. 50
(2 404.00,9 260.25) ng/mL vs 3 334.00 (1 344. 00,
5 758.50) ng/ml., P <0.001 ] ¥ 1= ; 5 1fiL 43 % 59 A%
[ (50.16+10.28)% vs (52.20+8.05)%,P=0.025],
1Ml hs-CRP 22 R Te4eit* 2 L (P=0.05) , W& 3,

ot — L PEAl calMR X STEMI £ # 212 PCI K
JE USRS R BUS IE, 45 R B8, 2 calMR A
B AL B I PR e B PR 3R (2 % 43 il 3 %% Killip 43
G BRI s S SR i T AR AR i RN BT



AR, %, BRIEZBEREHEHT 2N ST RIESEOHEE BE RIS PCI REBUGHITMME

WU Yixuan, et al. Prognostic Values of calMR for the Prognosis of Patients with STEMI after Primary PCI 351
P<0.001
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(a) WA 283 AR Hprofi 4h ik
B3 FEAREBIEREIRILR

Fig.3 Comparison of clinical data for patients in two groups

(¢) LVEF, (d) Peak hs-CRP

K fE J1. AUC 0.642 vs 0.691, NRI = 0. 600 1
(95% CI,0. 342 8~0. 857 3,P<0.001) ,IDI=0.015 5
(95% CI1,0.006 5~0.024 4,P<0.001), VLK 4 Fn
#3,

1.0 —r
Jﬁ,_r‘
-
0.8} —rT
L FJ
» 0.6 ;‘f
B ]
™ o4l _r!
57 S SAPSES
02F — calMR+IG R fa e R 2
0 02 04 06 08 10
1-45 5 BE

B4 ERBEREZRES calMR A&/ ROC fhZk
Fig. 4 ROC curve for clinical risk factors and its

combination with caIMR

*£3 KWEREBREZERES calMR AAH ROC HZ&HIFE
Tab. 3 Data of ROC curve for clinical risk factors and its

combination with calMR

ES S MEASES cal MR+IIfi RS P 2%
AUC 0. 642 0. 691
95% CI 0.565~0.719 0. 620~0. 762
NRI — 0. 6001
P — <0.001
IDI — 0.0155
P — <0. 001

2.4 Kaplan-Meier £ 27
Kaplan-Meier ARy XA TR TV ,5 calMR<25 U 2H
4, calMR =25 U 418 % MACE(HR,4. 161;95%

(b) WS EAT

(o) EESmss (O BEBESC-RNEAR

(a) Peak NT-proBNP, (b) Peak hs-cTnT,

CI,2.39 ~ 7.26; log-rank P <0.001) Ff%ET- (HR,
12.94;95% CI,4. 81 ~34. 79;log-rank P<0.001) [ %
A RS B, TG B 22 (LI S)

— calMR<25U
— calMR=25U

60 | Hazard Ratio 4.161(95%CI, 2.39-7.26)
P<0. L\(bll by log»mlllk test

0 3

9 12

MACEZR K HER/%

6
i1l A
NO .at risk

calMR<25 377 367 364 361 358
calMR=25 164 145 137 132 129

(a) MACERBEAER

=3 100 F~

N T ——

‘éﬁ 80 _ calMR<25U

X — calMR =25U

4 60 Egaa(r)g }]lbzq;l?ol;.r:;;{)‘b'c“s/;.CL 4.31»34_79)I
0 3 6 9 12

Tl A
NO.at risk

calMR<25 377 367 364 361 358
calMR=25 164 145 137 132 129

(b) &R RRRER

5 Kaplan-Meier 77 i £k

Fig.5 Kaplan-Meier survival curve (a) Survival free

from MACE, (b) Survival free from All-cause death

3 e

ARSI e SR B SR R
T calMR 5 STEMI [ #17212 PCL AJ5 Wil f5 1%
MZER R, BREM. D calMR J2& STEMI 34
7412 PC1 RJ5 kK4 MACE B 1h 7 fa |6 IR
@ calMR Xf STEMI 17 PCI RJ5 &4 MACE H
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AL BIAE , I HH calMR 28 AALEL &I IR
FE 8 1 2 AR %A R MACE 3544 1 3% 51 A
IR A BE RSO MR ROC #hZkfd
BRI E AT 45 Z B, calMR =25 U i
A B 5 1 hs-cTnT F1 NT-ProBNP ;@ 5 calMR<25 U
HBHEMIL, calMR =25 U 4B EH 1 BUG 2,

STEMI & S 80U RAET- 1 T8N 22—, LR
AT P TR YT, BRSO LSRR BE 1) 3 1], e
ERF TS . SR, B AT STEMI 47588 1B &5 4t
T2, WFFEFRI, 2 50% (1) STEMI &7 PCL RJ5
A BEAEAE CMD, 3 23 38 A 28 18 AR, 7] B 2 2 3
STEMI B FijG A R EE R FE "2 Harlki R
LE H B AT CMD B kA A O I 3 AR
( cardiac magnetic resonance, CMR ) Fll IMR'®*/
CMR HARE—FP AR A, HE HEEFE 212 PCI AR
J5 HEAT , ABE R TS MDY 3F Hol T CMR 46
BT LRI R, v RE T H T E T RE AN 210 R
H VL A 7 50 B A% B Sk i B R 5
BURH LG X SR R UL ICIA AR STEMI 35
ez A, IMR AE R BFAG 56 Bk 08 2R 2 BE 1 R
IFHRPR R I ez (AR SRR TR B - ) &
L2 IV B BH 0 2 T iR AR I PR 15 A G
ZHY AR T S22y g 259 8 S5
M IR A T AR FE A o8 FH A SR 1) B P ) fE, A
G B S TR ] R X T STEMI 3 Fif
FEH B W& IMR 23X 28 B35 1 & F AR K
W, B T eI IR b dE)

calMR &5 T 1 52 UG R ET s I ML 30 01 27k
N2 e K GG R BEL g i i, BB R R 1
ZL Y I AE 245 I B R T ELERAE AL BR A
o] B, N B R BN FE R SR AL DY R
Fearon 2512 /3 WL U T 56 il F1 116 4 5 3% I &=
IMR 5 calMR, 5 R /R, & 1) calMR 5 IMR 2
SRGETE R X, A B A e kg
RAUATE—EFLE |, calMR 7] AAR 4 41240 IMR
K AT PR IR I REEAL . B L, calMR 5 %
22 IMR KR T iFR 552 FFR I C R, il
FHE D7 220 STEMI 35 IMR B, 75 2% R 3
SRR A R 259, JB A UG AL T i K 5E il
A, 2O R R R BEHRE R B PCT AR 5| & 11K
I8 T B8 23 Bl 2138 v, S B0CH00 M AS: BEL € TR 10 2
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