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Evaluation of coronary microvascular dysfunction for assessing prognosis of ST-segment
elevation acute myocardial infarction following reperfusion therapy: insights from QFR-

AMR
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Abstract: Objective To assess the risk of major adverse cardiovascular and cerebrovascular events (MACCEs) in patients with
ST-segment elevation myocardial infarction (STEMI) following percutaneous coronary intervention (PCI) by evaluating both
the large coronary vessels and coronary microcirculation. Methods A total of 507 patients with STEMI undergoing successful
percutaneous coronary intervention (PCI) were retrospectively enrolled from two centers. The optimal cut-off value (256.5
mmHg's'm”) of angio-based microvascular resistance (AMR) for predicting MACCEs was determined by ROC analysis.
Combined with a quantitative flow ratio (QFR) threshold of 0.80, the patients were classified into 4 groups: Group 1 (QFR=0.8,
AMR<256.5; n=271), Group 2 (QFR>0.8, AMR>256.5; n=140), Group 3 (QFR<0.8, AMR<256.5; n=77), and Group 4 (QFR<0.8,
AMR>256.5; n=19). The primary endpoint was cardiac death or heart failure readmission within 2 years. Results Patients with
elevated AMR (>256.5 mmHg-s'm™) had a significantly increased risk of MACCEs within two years after PCI (P<0.001). Kaplan-
Meier analysis showed the lowest survival rate in patients with both QFR<0.8 and AMR>256.5 mmHg-s'-m". Multiple linear
regression analysis suggested that diabetes (P<0.001), hyperlipidemia (P<0.001), smoking (P<0.014), systemic inflammation
response index (P<0.007), and platelet to lymphocyte ratio (P<0.001) were independently associated with elevated AMR levels.
Restricted cubic spline regression revealed a non-linear relationship between AMR and MACCEs risk (non-linear P<0.001), and
the hazard ratio for MACCEs increased markedly for an AMR beyond the threshold of 259.45 mmHg:s'm”. Conclusion The
integrated assessment of QFR and AMR allows effective prediction of MACCEs risk in STEMI patients after PCI, and elevated
AMR is an independent predictor of significantly increased risk of MACCEs.

Keywords: coronary microcirculatory dysfunction; angio-based microvascular resistance; quantitative flow ratio; st-segment
elevation myocardial infarction; major adverse cardiovascular and cerebrovascular events
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Fig. 1 ROC curve analysis of angio-based microvascular
resistance (AMR) in patients with ST-segment elevation
myocardial infarction (STEMI) after percutaneous coronary
intervention (PCI). The curve illustrates the diagnostic efficacy
of AMR for identifying major adverse cardiovascular and
cerebrovascular events at the optimal cutoff value of
256.5 mmHgsm (sensitivity: 88%; specificity: 77%; AUC: 0.861).
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A total of 753 patients who underwent
successful PCI from January 2021 to
July 2022 were included

Exclusion criteria:

Attempted QFR computation: 580 patients

507 patients were included

Grouped according o QFR and
AMR

| Groupd: QFR <0.8and
| AMR <256mmHyg:s/m

Groupl® QFR20.8 and
AMR=256mmHg's/m

Group2: QFR=0.8 and
AMR < 256mmlHg-s/m

Group3: QFR < 0.8 and
AMR = 256mmHg-s/m
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Fig.2 Patient screening flowchart. A total of 753 patients who
underwent PCI were screened during the period from January 1,
2021, to July 1, 2022, and 507 patients included for further
analysis. According to the QFR and AMR, the patients were
categorized into 4 groups.
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Tab.1 Baseline characteristics of the patients included
QFR>0.8 QFR<0.8
Characteristics AMR>256.5 mmHg's/ AMR<256.5 mmHg's'/m  ©  AMR>256.5 mmHg's/m AMR<256.5 mmHg's/m T
m (n=140, group 1) (n=271, group 2) (n=19, group 3) (n=77, group 4)

Study population
Age (year) 69 (60, 77) 60 (53, 72) <0.001 69 (56, 76.00) 67.00 (57, 78) 0.873
Male [1 (%)] 118 (84.3) 201 (74.2) 0.024 18 (94.7) 53 (68.8) 0.021

Cardiovascular risk factors
Hypertension [n (%)] 93 (66.4) 160 (59.1) 0.165 17 (89.5) 54.(70.1) 0.142
Diabetes [1 (%)] 77 (55.0) 95(35.1) <0.001 10 (52.6) 24 (31.1) 0.036
Hyperlipemia [ (%)] 98 (70.0) 140 (51.7) <0.001 18 (94.7) 40 (51.9) <0.001
Stroke [n (%)] 29 (20.7) 45 (16.6) 0.343 2(10.5) 12 (15.6) 0.729
Smoking [n (%)] 103 (73.6) 160 (59.0) 0.005 12 (63.1) 47 (61.0) 0.875
Previous CHD [n (%)] 16 (11.4) 46 (16.9) 0.148 2(10.5) 11(14.3) 0.397
Previous PCI [1 (%)] 10 (7.1) 16 (5.9) 0.671 0 (0) 2(2.6) 0.682
Pain-to-balloon time (min) 246 (140.8, 362.5) 219 (129.5, 387.0) 0.110 489 (247.0, 690.0) 454.0 (254.0,900.0)  0.457

Laboratory index
¢Tnl (ng/L) 1.1(0.1,8.7) 0.6 (0.1, 7.6) 0.443 12.6 (1.3, 36.6) 9.4(1.2,27.9) 0.608
NT-proBNP (pg/mL) 241.0 (97.2,1019.2) 220.1(70.7, 731.5) 0.724 852.0 (407.1, 1600.0) 356.0 (158.0, 1877.0)  0.300
Creatinine (umol/L) 69.0 (56.0, 82.0) 66.0 (55.0, 79.0) 0.232 69.0 (59.5, 85.0) 69.0 (58.0, 86.0) 0.835
CK/CKMB 7.4 (5.5,9.6) 7.3(5.6,9.5) 0.755 6.1(5.0,8.2) 8.2(5.2,9.9) 0.124
TC-C (mmol/L) 4.7(3.8,5.4) 4.7 (3.8,5.6) 0.472 4.3(3.6,4.7) 44(3.7,5.2) 0.561
TG (mmol/L) 1.6 (1.0, 2.3) 1.5(1.0,2.2) 0.339 1.2(0.8, 1.8) 1.2(0.7,1.9) 0.846
HDL-C (mmol/L) 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 0.472 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 0.896
LDL-C (mmol/L) 2.6(2.2,3.3) 2.7(2.1,3.4) 0.508 2.6(2.3,3.0) 2.6(2.2,3.1) 0.935

Inflammatory index
Neutrophil (10°/L) 6.2(4.8,7.2) 6.0 (4.6, 7.4) 0.728 6.3(5.8,8.3) 7.1(5.4,9.2) 0.306
Monocyte (10°/L) 0.5 (0.3, 0.6) 0.4 (0.3, 0.6) 0.263 0.5(0.4,0.8) 0.5 (0.4, 0.7) 0.919
Platelet (10°/L) 223.0(187.2,255.2) 201.0 (164.0, 235.0) 0.005 252.0 (240.5, 265.5) 204.0 (155.0,227.0)  0.001
Lymphocyte (10°/L) 1.6 (1.2,2.0) 1.9 (1.5,2.4) <0.001 1.4(1.2,2.3) 2.4(1.9,2.6) 0.051
SII 781.9 (651.9, 942.6) 632.2 (466.0,769.8)  <0.001  968.0 (773.6, 1466.5) 591.3 (422.6,812.3)  0.002
SIRI 1.7 (1.1, 2.8) 1.49 (0.9, 2.1) 0.061 1.87 (1.1, 3.8) 1.57 (1.0, 2.8) 0.609
PLR 3.6 (2.9,4.0) 3.2(2.3,4.0) 0.005 3.9(2.9,5.6) 3.0(2.2,4.0) 0.124
NLR 130.3 (105.4, 165.1) 100.8 (74.9, 125.8) <0.001 152.3 (99.1, 224.3) 83.0 (64.4,100.7)  <0.001

Discharge medications
Aspirin [ (%)] 134 (95.7) 265 (97.7) 0.306 14 (73.6) 63 (96.9) 0.468
Ticagrelor [n (%)] 80 (57.1) 174 (64.2) 0.381 11(57.8) 55 (84.6) 0.286
Clopidogrel [1 (%)] 52 (37.1) 95 (35.0) 0.511 3(15.7) 10 (15.3) 0.702
Statins [n (%)] 133 (95.0) 266 (98.1) 1.000 14 (73.6) 62(95.3) 0.572
ACEI/ARB [n (%)] 65 (46.4) 139 (51.2) 0.597 4(21.0) 20 (30.7) 0.511
Beta-blocker [1 (%)] 107 (76.4) 219 (80.8) 0.788 10 (52.6) 44 (67.6) 0.488
ARNIi [n (%)] 24 (17.1) 57 (21.0) 0.135 5(26.3) 24 (36.9) 0.304
SGLT2i [n (%)] 1(0.7) 13 (4.8) 0.041 1(5.2) 10 (15.3) 0.392
Spirolactone [ (%)] 64 (45.7) 102 (37.6) 0.068 6(31.5) 22 (33.8) 0.180
Furosemide [1 (%)] 57 (40.7) 92 (33.9) 0.125 6 (31.5) 19 (29.2) 0.259

QFR: Quantitative flow ratio, AMR: Angio-based microvascular resistance; CHD: Coronary Heart Disease; PCI: Percutaneous coronary intervention;
c¢Tnl: Cardiac troponin I; NT-proBNP: N-terminal pro b-type natriuretic peptide; CK/CKMB: Creatine kinase/creatine kinase-MB; TC-C: Total
cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; SII: Systemic immune-
inflammation index; SIRI: Systemic inflammation response index; PLR: Platelet-lymphocyte ratio; NLR: Neutrophil-lymphocyte ratio.
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Tab. 2 Characteristics related to coronary artery vessels in different groups of patients

QFR>0.8

QFR<0.8

Characteristics
(n=140, Group 1)

AMR>256.5 mmHg-s/m AMR<256.5 mmHg-s/m
(n=271, Group 2)

P AMR>256.5 mmHg's/m AMR<256.5 mmHg's/m
(n=19, Group 3) (n=77, Group 4)

Infarct-related artery

LAD [ (%)] 65 (46.4) 105 (38.7)

AMR 269 (263, 302) 220 (195, 235)

LCX [ (%)] 81 (57.8) 172 (63.4)

AMR 296 (274, 310) 227 (211, 242)
RCA [ (%)] 59.0 (42.1) 118.0 (43.5)
AMR 272 (261, 303) 221.5 (198, 239)

Multivessel disease

1[n (%)] 65 (46.4) 65(23.9)

2 [n (%)] 24 (17.1) 114 (42.0)

3 [n (%)] 51(36.4) 92 (33.9)
TIMI flow grade (inital)

0 124 (88.5) 229 (84.5)

1 12 (8.5) 32 (11.8)

2 2(1.4) 4(1.4)

3 2(1.4) 6(2.2)
TIMI flow grade (post)

0 0 0

1 0 0

2 0 0

3 140 (100) 271 (100)

QFR 0.94 (0.91, 0.97) 0.94 (0.89, 0.97)

AMR (mmHg-s/m)
MACCEs [n (%)] 26 (18.57) 4 (1.48)
Non-culprit vessel
QFR

0.90 (0.85, 0.96) 0.85 (0.83,0.94)

AMR (mmHg-s/m)

274.00 (262.75,308.00) 221.00 (197.50,238.00) <0.001

232.00 (204.00, 241.00) 227.00 (200.00, 239.00)

0.408 13 (68.4) 45 (58.4) 0.744
<0.001 297 [269, 329] 199 (161, 225) <0.001
0.473 3(15.7) 9(11.6) 0.833
<0.001 257 [256, 260] 195 (186, 233) 0.182
0.987 3(15.7) 23 (29.8) 0.679
<0.001 306 [299, 327] 194 (180, 215) 0.220
0.013 7(36.8) 14 (18.1) 0.689
0.040 7(36.8) 38 (49.3) 0.844
0.908 5(26.3) 25 (32.4) 0.689
0.374 15 (78.9) 46 (59.7) 0.338
0.898 2(10.5) 24 (31.1) 0.784
0.933 0 (0) 7(7.7) 1.000
0.947 2(10.5) 1(1.3) 0.863
0.776 0.645
0 0
0 0
0 0
19 (100) 77 (100)

0.382 0.74 (0.70, 0.77) 0.74 (0.70, 0.77) 0.885

293.00 (268.00, 327.00)  195.00 (169.00, 225.00) <0.001

<0.001 14 (73.68) 16 (20.78) <0.001
0.452 0.83 (0.81,0.91) 0.88 (0.82, 0.94) 0.521
0.326  239.00 (217.50, 249.00) 225.00 (214.00, 234.00) 0.428

QFR: Quantitative flow ratio; AMR: Angio-based microvascular resistance; LAD: Left anterior descending artery; LCX: Left circumflex artery; RCA:
Right coronary artery; TIMI: Thrombolysis in myocardial infarction; MACCEs: Major adverse cardiovascular and cerebrovascular event.

2.3 AMR 8§ & =] )2 547

X AMRAEFRIEFTEAENE /T (F63) . AMR 54
PRI R IMAE AR SIRT.PLR &2 1FAHE(P<0.05) . B
PRI (B=16.970) FIi=s AR IMLAE (3=15.071) % AMR HJ5ZHA
K.
24 255 R

TE24ERE T IE] 4 D AFR AT 60 i A T
A PRI T B0 ) 3 0 A SC A BE A8 BN 2 6 24
(F84). Cox LLMBIXBSAAL /34T /s , AMR & MACCEs
f b ST 0 X 2, HR 4 1.247(95% CI: 1.185-3.583,
P<0.001,35). ZFZE/Hr R AMR &l HERE
FNZAHAR ZS 2 STEMI B8 B G 45 Jy iyl S i A 2

ROC il £k 7 # 7R , 5 I (AUC=0.648) | 4l IR ik
(AUC=0.685) F A (AUC=0.622) 7E Fiiil MACCEs J
T HA —E R AEE S (K13) . Kaplan-Meier 44745
Br i 7R 4 4 Z 18] B AR A7 3000 B 1 ge it 22 ¢ (P<
0.0001) , H:rh2H 3 s e IR AEAF 3R (KT 4) o A5l
FH A BB G E T PR IR IS N &R s
AP 5 HS PR R IAE SRR | i/ P e
] (SIRIFN AMR, PUZH () R AP RATIIRATAE 1B 3 25 5 (P<
0.0001,1515), FERSUEIAIE] 55 3 M AE AP R IR 2R
. Kaplan-Meier 4= 77tk 2381 B 4 4 [B] 4 R AE T
FHRHF AR A G425 5 (P<0.0001) . 20303
BLgE R R R e (F16)o
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3 AMRBI ST MR

Tab.3 Multivariate linear regression analysis of AMR of the patients

Characteristics Regression coefficient Standard error t P

Diabetes 16.970 5.014 3.384 <0.001

Hyperlipemia 15.071 4.531 3.326 <0.001

Smoking 11.457 4.645 2.466 0.014

SIRI 5.677 2.081 2.728 0.007

PLR 0.261 0.064 4.072 <0.001

SIRI: systemic inflammation response index; PLR: Platelet-lymphocyte ratio.
®4 FRARIMKHRER
Tab.4 Clinical outcomes across different groups of patients
Characteristics Total Groupl Group2 Group3 Group4 P
Primary outcome 60 (11.83%) 26 (18.57%) 4 (1.48%) 14 (73.68%) 16 (20.78%)  <0.001
All-cause mortality 24 (4.73%) 9 (6.43%) 2 (0.74%) 6 (31.57%) 7 (9.09%) <0.001
Cardiac failure 36 (7.10%) 17 (12.14%) 2 (0.74%) 8 (42.11%) 9 (11.69%) 0.005
Any myocardial infarction 7 (1.38%) 3 (2.14%) 0 (0.00%) 2 (10.52%) 2 (2.59%) 0.438
IRA myocardial infarction 4 (0.79%) 2 (1.43%) 0 (0.00%) 1 (5.26%) 1 (1.29%) 0.572
Non-IRA myocardial infarction 3 (0.59%) 1 (0.71%) 0 (0.00%) 1 (5.26%) 1 (1.29%) 0.801
Readmission for angina 18 (3.55%) 8 (5.71%) 1 (0.37%) 3 (15.78%) 6 (7.79%) 0.092
Any revascularization 10 (1.97%) 4 (2.86%) 0 (0.00%) 2 (10.52%) 4 (5.19%) 0.221
Stroke 5 (0.98%) 3 (2.14%) 1 (0.37%) 1 (5.26%) 0 (0.00%) 0.284
IRA: Infarct-related artery.
*&5 MACCEs Ky Bl E F
Tab.5 Independent predictors of MACCE:s in patients with STEMI
Characteristics HR (univariable) P HR (multivariable) P
Age 1.033 (1.010-1.056) 0.045 1.043 (1.010-1.078) 0.069
Hypertension 3.625 (1.486-6.085) <0.001 3.412 (1.178-6.328) 0.002
Diabetes 4.838 (2.645-8.849) <0.001 2.948 (1.326-6.557) 0.008
Hyperlipemia 5.408 (2.511-11.648) 0.032 5.434 (2.121-13.923) 0.079
Smoking 3.680 (1.767-7.664) <0.001 3.021 (1.187-7.687) 0.020
Pain-to-balloon time 1.458 (1.235-3.454) 0.033 1.001 (0.701-1.012) 0.041
SIRI 1.582 (1.335-1.874) 0.065 1.665 (1.370-2.023) 0.082
AMR 1.247 (1.185-3.583) <0.001 1.145 (1.046-2.638) <0.001

HR: Hazard Ratio; SIRI: Systemic inflammation response index; AMR: Angio-based microvascular resistance.

2.5 RCS #1Z& 547

&7 7% T AMR{E A MACE % A5 XU [ 22 Ji]
AYARLRMESCER, 24 AMR>259.45 mmHg:s/m i} ,HR>1,
£ TS AMRETHE S MACCEs &/EREIEAE
Gt # 2], AMR {85 MACCEs XU 22 [A] £7-7E .
FIARZMESC R B PAEFIAEZ M P(E14<0.001,

3 Wit
AHTFE & FETR T A M QFR AT AMR 7E 1T
STEMI 3 PCIARJS &A= CMD TS . A5

() EBEERANT R FE AR TS fr7e g 22 5, i
J£ QFR<0.8 H. AMR>}256.5 mmHg-s/m [ f3% , o
AT B 22 . AMR 5 MACCEs 2 8] S ARk & .
24 AMR>259.45 mmHg-s/m i, & 4= MACCEs F XU
WLEREIN . AMR J& STEMI 4 PCIAR 5 MACCEs %
A= BT R

STEMISEAE I o CMD 1 & A= B Z THF 5T 3IE
S RS PCTREAE A RIWR A SR SN KR 1t 45 A 1L 37
{5 Sh DKok RERE A 15 2 ) ol e e 2 T 5 50 ol o A 48
BT REATVSRFFSEATAE o e T ANOGE 1 15 5 S A ]



http://www.j-smu.com

J South Med Univ, 2025, 45(12): 2767-2776

© 2773 ¢

0.8

0.6

Sensitivity

0.4

0.2
—— Hypertension AUC: 0.648

0.0 — Smoking AUC: 0.622

T T
1.0 0.8

T T T T
0.6 0.4 0.2 0.0

1-Specificity
3 ZRZEREEREF AR E

Fig.3 ROC curve analysis for evaluating the performance of
the multivariate model for predicting MACCEs.
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Fig.4 Kaplan-Meier survival curves of the primary outcome in patients with STEMI stratified by QFR-AMR. The

survival outcomes vary significantly across the groups (P<0.0001).
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Fig.5 Outcomes of the patients after adjustment with the IPTW method (P<0.0001).
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Fig. 6 Kaplan-Meier analyses reveal significant differences in all-cause mortality rates (A) and heart failure
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Fig.7 Relationships between MAR and the risk of cardiac death or readmission for heart failure according to the restricted

cubic spline analysis.
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