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Objective: Cardiac microvascular obstruction (CMVO) remains a severe complication in non-ST elevation myocardial infarction
(NSTEMI) patients with reperfusion therapy. We aimed at developing and validating the nomogram to predict the possibility of
CMVO after primary percutaneous coronary intervention (PCI) by integrating clinical and laboratory-based information.

Methods: A total of 325 patients undergoing primary PCI for NSTEMI were recruited and divided into the training cohort (n=226)
and the validating cohort (n = 99). The development of the nomogram was based on independent predictors of CMVO, and these
variables were selected by multivariable logistic regression analysis.

Results: Independent predictors contained in nomogram were identified by multivariable logistic regression analysis, and these
independent predictors included neutrophils (OR 1.166, 95% CI 1.044-1.303, P<0.01), hemoglobin (OR 1.037, 95% CI 1.013-1.062,
P<0.01), triglyceride (OR 1.343, 95% CI 1.059; 1.704, P=0.015), Killip grade (OR 2.190, 95% CI 1.065-4.503, P=0.033), high
thrombus load (OR 3.146, 95% CI 1.424-6.952, P<0.01), no-reflow (OR 3.142, 95% CI 1.419-6.955, P<0.01) and ischemic
postconditioning (OR 0.445, 95% CI 0.209-0.944, P=0.035). The nomogram accurately predicted the presentation of CMVO in
both the training set and validating set (AUC, 0.835 and 0.881, respectively). The results predicted by nomogram were confirmed to be
highly consistent with the results of DE-CMR, both the training and validating cohorts, by Calibration plot and Hosmer-Lemeshow
test. Decision curve analysis (DCA) also suggested that the nomogram was applicable in the clinic.

Conclusion: The nomogram showed good performance in predicting CMVO, and it could help clinicians optimize the clinical
treatments to improve the prognosis of NSTEMI patients.

Keywords: non-ST elevation myocardial infarction, cardiac microvascular obstruction, primary percutaneous coronary intervention,
nomogram, prediction model

Introduction

Non-ST segment elevation myocardial infarction (NSTEMI) is a severe type of acute coronary syndrome (ACS), and its
incidence is growing.! In a myocardial infarction registry, 63.1% were NSTEMI, and 4.2% of NSTEMI patients died in
the hospital.> Therefore, more attention should be paid to the treatment and prognosis of NOSTEMI patients. Currently,
reperfusion therapy, as the main treatment for NSTEMI patients, is mainly aimed to prompt intervention for the culprit
artery. However, in some circumstances, the culprit’s vessel is opened, yet main adverse cardiovascular events (MACE),

such as death, rehospitalization, or heart failure, would still happen to patients due to coronary microvascular obstruction
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(CMVO).? The occurrence of CMVO is a result of multiple factors. Mechanisms involved in pathogenesis of CMVO
include blocking of the vascular lumen due to formation of leukocyte—platelet aggregates and erythrocyte aggregates,
myocardial cell edema induced by coronary microvasculature compression after reperfusion injury, which will be
aggravated by the lack of blood flow in functional vessels, and the distal microvascular embolization elicited by
atherothrombotic debris during percutaneous coronary intervention (PCI).* In addition, oxidative stress and intracardial
hemorrhage after acute myocardial infarction (AMI), coronary spasm and dissection, endothelial dysfunction, inflamma-
tion in microvasculature, and individual susceptibility can also be implicated in CMVOQ.>°

Currently, preventive treatment strategies for CMVO include ischemic postconditioning, drug treatment, and inter-
ventional procedures, and in order to translate clinically into effective treatment for AMI patients, especially, the elderly,
with comorbidities, and with receiving several medications, we need to focus not only on the reduction in infarct size, but
also on attenuation of CMVO size.”” In addition, studies showed that active and effective treatment early would make
CMVO improved.'® Therefore, early detection of CMVO is particularly vital for the treatment and clinical prognosis of
patients. Currently, diagnosis of CMVO includes invasive and non-invasive detection methods. In invasive detection
methods, coronary flow reserve (CFR) is considered the gold standard for evaluating CMD, but it is difficult to be widely
promoted in clinical practice due to trauma, time consumption, expensiveness, and many potential complications.
Thrombolysis in myocardial infarction (TIMI), TIMI myocardial perfusion grade (TMPG), and myocardial blush grading
(MBG) are the primary detection methods for CMVO during PCI. However, the results of angiography may not reflect
the perfusion status of capillaries.'' Studies have confirmed that 290—38% of patients with TIMI 3 still have CMVO.'*"?
Vicente et al found that MBG underestimated CMVO after optimal revascularization in AML'* In addition, Wu et al
demonstrated that a noninvasive method for MRI-determined microvascular obstruction can predict prognosis within 2
years."” Judd et al conducted a study in the dog model and confirmed that the coronary microvascular hypoperfusion area
distinguished by delay-enhanced cardiovascular magnetic resonance (DE-CMR) corresponds to the coronary microvas-
cular occlusion area of thioflavin-negative regions.'® Therefore, compared with invasive detection methods, DE-CMR
has been regarded as the gold standard for noninvasive detecting CMVO. However, DE-CMR may have many short-
comings that make it less clinically used, such as high cost, time consumption, poor tolerance, Most current studies focus
on looking for independent risk factors of arising CMVO after PCI, but the occurrence of CMVO is the result of multiple
risk factors interacting, and not the result of a certain risk factor.®> Accordingly, one single indicator may not be valid
enough to evaluate CMVO after PCI. According to the above statement, a simple scoring system needs to be established
to assess quickly and easily whether NSTEMI patients have CMVO after PCI.

Nomogram, as a graphical tool, can be used to quickly calculate the morbidity of a certain disease in an individual
patient, as well as evaluate the prognosis.'” To determine quickly and conveniently CMVO probability after primary PCI
and stratify high-risk patients, this retrospective study based on the analysis of independent risk factors of laboratory
examinations and clinical indicators aims to establish a nomogram that can quickly calculate the probability of CMVO
individually.

Materials and Methods
Study Design and Participants

The consecutive patients were retrospectively reviewed for the data, which was recorded in the medical record manage-
ment system of the Affiliated Hospital of Xuzhou Medical University and the Second Affiliated Hospital of Xuzhou
Medical University from September 1, 2019, to September 31, 2021, and 1428 patients with NSTEMI were included in
the study. According to the inclusion and exclusion criteria, 325 NSTEMI patients were eventually divided into the
training cohort (70%, n=226) and validation cohort (30%, n=99), which were used for the development and verification
of nomogram. Figure 1 showed the flow chart of the study. In additional, Supplementary Material shows detailed design

program for the study.
Inclusion criteria were as follows: 1) The diagnosis of NSTEMI met the diagnostic criteria of the relevant
guidelines;' 2) The patients were performed primary PCI within 24 hours of the onset of symptoms.
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A total of 1428 NSTEMI patients were retrospectively
enrolled from September 1, 2019 to September 31, 2021

1,103 patients were excluded:
1) No CMRI or pPCI
) 2) Age<18 years old
3) Severe liver and kidney dysfunction
4) No stent implantation
5) Patients with malignant tumors

Y

325 patients were included

\ 4 Y
the training cohort (n=226) the validating cohort (n=99)
CMVO (N=98) no CMVO (N=128) CMVO (N=35) no CMVO (N=64)

Figure | Flow chart.
Abbreviations: NSTEMI, non-ST elevation myocardial infarction; CMRI, cardiac magnetic resonance imaging; pPCl, primary percutaneous coronary intervention; CMVO,
cardiac microvascular obstruction.

Meanwhile, exclusion criteria contain any one of the following: 1) age <18 years old; 2) Patients had not undergone
DE-CMR; 3) Patients with any one of the following diseases: cardiogenic shock, immunological or rheumatic diseases,
severe liver, and kidney dysfunction (require liver and kidney replacement therapy), malignant tumors, bleeding
disorders, and contraindication for the anticoagulant or antiplatelet agents; 4) Killip IV grade; 5) Patients with severely
missing clinical data.

Clinical Treatment Process

All patients were sent to digital subtraction angiography (DSA) room, and then underwent primary PCI treatment.
Patients received 300 mg aspirin, 600 mg clopidogrel, or 180 mg ticagrelor as pre-treatment before primary coronary
angiography and primary PCI. During the angiography, 3000U unfractionated heparin and 200ug of nitroglycerin were
injected through the sheath and 100 IU/kg unfractionated heparin was injected through the sheath during primary PCI.
Intraoperative medication including nitroprusside, nitroglycerin, tirofiban, and other drugs that improve the symptoms of
coronary ischemia, and adjuvant therapy including thrombus aspiration and cardiac pacing was determined according to
the patient’s condition and the operators. Patients who were not suitable for PCI should be treated with percutaneous
transluminal coronary angioplasty (PTCA). They should be treated with regular programs after the operation, such as
Dual antiplatelet [aspirin (100mg QD) combined with clopidogrel (75mg QD) or aspirin (100mg QD) combined with
ticagrelor (90mg BID) and statins.

Collection of Candidate Variables

Relevant demographic variables included age, gender, height, weight, systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate (HR), smoking history, drinking status, pre-infarction angina, and Killip grade. Previous
history contained hypertension, diabetes, cerebral infarction, and history of stent implantation. Laboratory examination
was consist of white blood cell (WBC) count, neutrophil (N) count, lymphocyte (L) count, red blood cell (RBC) count,
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hemoglobin (Hb), platelet (PLT) count, high-sensitivity C-reactive protein (hs-CRP), albumin, creatinine, estimated
glomerular filtration rate (eGFR), serum uric acid (SUA), glucose, glycated hemoglobin, total cholesterol, triglycerides,
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), apolipoprotein A, apolipo-
protein B, lipoprotein a, small dense low-density lipoprotein cholesterol (sdLDL-C), lactate dehydrogenase, creatine
kinase isoenzyme, high-sensitivity troponin T (hsTnT), cardiac troponin I (cTnl), N-terminal pro-brain natriuretic peptide
(NT-proBNP), fibrinogen (FIB), and D-dimer. Image data during PCI included symptom onset-to-balloon time (SBT),
door-to-balloon (D2B) time, history of stent implantation, multiple vascular disease, left anterior descending (LAD), left
circumflex branch (LCX), right coronary artery (RCA), calcified lesions, proximal lesions, bifurcation lesion, stent
length, stent diameter, number of stent, high thrombus load, no-reflow, ischemic postconditioning, temporary pacemaker,
and the use drug of tirofiban, atropine, dopamine or hydroxylamine and nitroprusside.

Assessment of CMVO and Definitions

DE-CMR (3.0T) was performed to assess CMVO within 5-7 days after successful reperfusion. In DE-CMR, the infarct
area shows as the high signal area in the enhanced area, and CMVO appears as a low signal area in the center of the high
signal. Related definitions of important candidate variables included the following: History of CAD is defined as either
one or more major epicardial coronary arteries that have more than 50% lumen stenosis on imaging. The multivessel
disease is defined as more than 50% stenosis of either one or more main epicardial vessels. Bifurcation lesions are
defined as coronary artery stenosis occurring nearing and/or involving the origin of important branch openings.'® If one
of the following characteristics is met, it is indicated as a high thrombotic load: 1) The vessel diameter of the infarct-
related arteries (IRA) >4.0 mm; 2) Thrombus length tripled the inner diameter of the reference vessel or more; 3) There is
no tapering lumen proximal to the occlusion site for truncation-like occlusion; 4) Thrombus accumulation proximal to the
occlusion site; 5) Floating thrombus presented near the proximal occlusion site; 6) Persistent contrast retention near the
distal end of occlusion.'® “No reflow” was defined as TIMI flow grade <3 with the reopening of occluded coronary artery
evidenced in angiography.?® After reperfusion by stents implantation, ischemic postconditioning was defined as inflation
and deflation frequently (approximately four times) of the balloon within 1 minute of reperfusion.?’

Statistical Analysis

Continuous variables were indicated as mean + standard deviation, If the test of normality and the homogeneity test of
variance is performed, the #-test is appropriate. Otherwise, the Mann—Whitney U-test is appropriate. Categorical variables
were presented as percentages in the tables and compared by using the X test or Fisher exact test. The candidate
variables were first selected by univariate logistic regression analysis in the train set, and the candidate variables from
P-value < 0.05 in the univariate logistic regression analysis were analyzed in the multivariable logistic regression
analysis. Finally, variables with a P-value < 0.05 in the multivariable logistic regression analysis were included in the
nomogram. Nomogram evaluation consisted of discrimination capacity, calibration, and clinical effectiveness. The
concordance index (C-index) was measured to quantify the discrimination capacity of the nomogram, and C-index is
equal to the area under the receiver operating characteristics curve (AUC-ROC) in logistic regression analysis.
A calibration plot was drawn to evaluate the prediction accuracy of the nomogram, and the Hosmer-Lemeshow test
was calculated to assess the consistency of the predicted with actual probability. Decision curve analysis (DCA) was
performed to evaluate Clinical effectiveness. Stata (Version 15.0, https://www.stata.com/) and R Studio (Version 4.1.1,

https://www.Rproject.org) were utilized to analyze data. All statistical tests with a P-value <0.05 were significant.

Results

Participants Characteristics

From September 1, 2019, to September 31, 2021, 325 participants were enrolled in the testing dataset. 133 (41%) of 325
participants were diagnosed with CMVO by DE-CMR. Among all patients, 226 patients were placed in the train dataset
and 99 in the validation dataset in chronological order (Table 1). The training set was divided into 98 patients with
CMVO and 128 patients without CMVO, and the validating dataset was divided into 35 patients with CMVO and 64
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Table | Patient Characteristics
Variables Validation Cohort (N=99) | Training Cohort (N=226) P value
Age, years 56.83 £ 11.85 57.33 £ 13.29 0.746
Sex 0.582
Male, n (%) 86 (86.87) 191 (84.51)
Female, n (%) 13 (13.13) 35 (15.49)
Height, cm 167.51 + 6.69 167.51 £ 14.65 0.996
Weight, kg 73.47 £ 12.50 73.61 £ 13.16 0.931
SBP, mmHg 126.79 = 16.53 125.83 + 18.30 0.654
DBP, mmHg 82.86 + 13.32 80.09 + 12.65 0.075
HR, times/min 7945 £ 11.94 79.53 £ 13.28 0.963
Smoking, n (%) 0.266
NO 42 (42.42) 111 (49.12)
Yes 57 (57.58) 115 (50.88)
Drinking, n (%) 0.795
NO 65 (65.66) 145 (64.16)
Yes 34 (34.34) 81 (35.84)
Hypertension, n (%) 0.353
NO 51 (51.52) 129 (57.08)
Yes 48 (48.48) 97 (42.92)
Diabete, n (%) 0.325
NO 74 (74.75) 180 (79.65)
Yes 25 (25.25) 46 (20.35)
Ischemic stroke, n (%) 0.886
NO 92 (92.93) 211 (93.36)
Yes 7 (7.07) 15 (6.64)
History of CAD, n (%) 0.599
NO 74 (74.75) 175 (77.43)
Yes 25 (25.25) 51 (22.57)
Laboratory test
WBC, x10%/L 9.95 + 276 11.47 £ 11.39 0.191
N, x10%/L 7.78 £ 2.58 8.02 + 3.34 0.522
L, x10°/L 1.59 = .11 1.88 + 1.37 0.063
NLR, % 6.19 + 3.88 6.60 + 8.28 0.637
RBC, x10°/L 4.68 £ 0.62 4.79 £ 0.55 0.096
Hb, g/L 143.61 £ 17.20 145.02 + 17.22 0.495
PLT, x10°/L 214.88 + 56.22 218.50 + 61.93 0.618
HsCRP, mg/dI 10.11 £13.25 9.58 £ 17.31 0.786
Albumin, g/L 39.55 + 532 39.51 + 437 0.94
SCr, mmol/L 64.63 £ 16.31 64.27 £ 14.19 0.841
eGFR, mL/min/1.73m2 108.50 + 15.95 107.52 + 14.86 0.593
Glucose, mmol/L 6.63 +3.10 6.48 + 2.49 0.634
TC, mmol/L 478 £ 1.04 4.60 £ 2.35 0.464
TG, mmol/L 1.99 + 1.58 1.92 £ 1.70 0.714
HDL cholesterol, mmol/L 1.02 £ 0.26 0.99 + 0.27 0.335
LDL cholesterol, mmol/L 3.0l £0.95 2.82 + 1.06 0.127
sdLDL cholesterol, mmol/L 0.98 + 0.57 1.04 + 0.54 0.317
Apo A, g/L 1.16 £ 0.20 1.17 £ 0.21 0.633
Apo B, g/L 1.00 £ 0.25 0.95 £ 0.29 0.221
Lpa, mg/L 271.16 + 193.63 250.57 + 183.46 0.361
LDH, U/L 519.64 + 345.65 654.85 + 705.51 0.071
CKMB, ng/mL 99.15 £ 77.59 103.15 + 83.33 0.685
(Continued)
Therapeutics and Clinical Risk Management 2022:18 https: 159

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

Table | (Continued).

Variables Validation Cohort (N=99) | Training Cohort (N=226) P value

hsTnT, ng/L 3040.03 + 3044.39 3552.49 + 2977.84 0.157

NT-proBNP, pg/mL 1348.87 + 1527.45 1629.01 + 2023.15 0.219

cTnl, ng/L 17.73 + 15.36 19.11 + 16.45 0.479

FIB, g/L 290 % I.10 272 £0.77 0.081

DD2, ug/mL 0.32 £ 031 0.39 £ 0.56 0.276

HbAlc (%) 6.59 + 1.37 6.64 = 1.38 0.759

sUA, umol/L 307.69 + 99.31 297.00 £ 93.78 0.354

Angiographic features

SBT, h 4.55 + 3.05 4.39 +2.69 0.623

D2B, min 7281 £24.13 67.62 + 4438 0.275

Pre-AP, n (%) 0.623

NO 76 (76.77) 179 (79.20)

Yes 23 (23.23) 47 (20.80)

Killip grade 0.728

Grade |, n (%) 83 (83.84) 186 (82.30)

Grade Il, n (%) 10 (10.10) 29 (12.83)

Grade Ill, n (%) 6 (6.06) Il (4.87)

History of stent implantation, n (%) 0.076

NO 96 (96.97) 207 (91.59)

Yes 3 (3.03) 19 (8.41)

Multivascular disease, n (%) 0.719

NO 33 (33.33) 80 (35.40)

Yes 66 (66.67) 146 (64.60)

LAD, n (%) 0.95

NO 50 (50.51) 115 (50.88)

Yes 49 (49.49) 111 (49.12)

LCX, n (%) 0.302

NO 84 (84.85) 201 (88.94)

Yes I5 (15.15) 25 (11.06)

RCA, n (%) 0.29

NO 64 (64.65) 132 (58.41)

Yes 35 (35.35) 94 (41.59)

Calcified lesions, n (%) 0.662

NO 94 (94.95) 217 (96.02)

Yes 5 (5.05) 9 (3.98)

Proximal lesions, n (%) 0.591

NO 47 (47.47) 100 (44.25)

Yes 52 (52.53) 126 (55.75)

Bifurcation lesion, n (%) 0.717

NO 8l (81.82) 181 (80.09)

Yes 18 (18.18) 45 (19.91)

Stent length, mm 2891 = 12.86 28.09 = 10.56 0.547

Stent diameter; mm 298 + 041 3.05 £ 0.40 0.173

Number of stents, n (%) 1.20 £ 0.40 1.13 £0.34 0.112

High thrombus load, n (%) 091

NO 73 (73.74) 168 (74.34)

Yes 26 (26.26) 58 (25.66)

No-reflow, n (%) 0.891

NO 73 (73.74) 165 (73.01)

Yes 26 (26.26) 61 (26.99)

(Continued)
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Table | (Continued).

Variables Validation Cohort (N=99) | Training Cohort (N=226) P value
Ischemic postconditioning, n (%) 0.791
NO 62 (62.63) 145 (64.16)

Yes 37 (37.37) 81 (35.84)

Temporary pacemaker, n (%) 0.811
NO 98 (98.99) 223 (98.67)

Yes I (1.01) 3(1.33)

Procedural medication

Tirofiban, n (%) 0.612
NO 80 (80.81) 177 (78.32)

Yes 19 (19.19) 49 (21.68)

Atropine, n (%) 0.886
NO 92 (92.93) 211 (93.36)

Yes 7 (7.07) I5 (6.64)

Dopamine or Hydroxylamine, n (%) 0.584
NO 94 (94.95) 211 (93.36)

Yes 5 (5.05) I5 (6.64)

Nitroprusside, n (%) 0.648
NO 60 (60.61) 143 (63.27)

Yes 39 (39.39) 83 (36.73)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; N, neutrophils; L, lymphocytes; NLR, N/L ratio; RBC, red blood cell;
Hb, hemoglobin; PLT, platelets; hsCRP, high-sensitivity C-reactive protein; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein; LDL, low density lipoprotein; sdLDL, small dense low-density lipoprotein; Apo A, apolipoprotein A; Apo B, apolipoprotein B;
Lpa, lipoprotein a; LDH, lactate dehydrogenase; CKMB, creatine kinase isoenzyme-MB; hsTnT, high-sensitivity troponin T; cTnl, cardiac troponin I; NT-proBNP, N-terminal
pro-brain natriuretic peptide; FIB, fibrinogen; DD2, D-dimer; HbA I ¢, glycated hemoglobin; sUA, serum uric acid; SBT, symptom onset-to-balloon time; D2B, door-to-balloon
time; pre-AP, pre-infarction angina; LAD, left anterior descending; LCX, left circumflex branch; RCA, right coronary artery.

patients without CMVO. The patients with CMVO after primary PCI had a higher level of Killip grade, higher using
tirofiban, a higher proportion of No-reflow, heavier thrombus load, a higher baseline level of N, NLR, Hb, TG, LDH,
CKMB, hsTnT, cTnl (all P<0.05). However, lower levels of WBC, a lower proportion of women, a lower proportion of
ischemic postconditioning were found in CMVO (all P<0.05).

Predictors of CMVO After Primary PCI

The predictors with P-value <0.05 in the univariate analysis results were sex (OR 0.397, 95% CI 0.177-0.891, P=0.025),
N (OR 1.231, 95% CI 1.124-1.348, P<0.001), Hb (OR 1.048, 95% CI 1.028-1.067, P<0.001), TG (OR 1.387, 95% CI
1.154-1.667, P=0.001), LDH (OR 1.0006, 95% CI 1.0001-1.0012, P=0.015), CKMB (OR 1.005, 95% CI 1.002—-1.008,
P=0.003), hsTnT (OR 1.0002, 95% CI 1.0001-1.0003, P<0.001), cTnI (OR 1.022, 95% CI 1.005-1.038, P=0.01), SBT
(OR 1.108, 95% CI 1.003—1.224, P=0.043), Killip grade (OR 2.098, 95% CI 1.222-3.602, P=0.007), high thrombus load
(OR 3.42, 95% CI 1.827-6.400, P<0.001), no-reflow (OR 2.891, 95% CI 1.575-5.306, P=0.001) and ischemic
postconditioning (OR 0.37, 95% CI 0.207-0.663, P=0.001) (Table 2). Finally, the following 7 variables selected by
multivariate regression analysis were considered as independent influencing factors for CMVO in NSTEMI patients after
primary PCI: N (OR 1.166, 95% CI 1.044—-1.303, P<0.01), Hb (OR 1.037, 95% CI 1.013-1.062, P<0.01), TG (OR 1.343,
95% CI 1.059; 1.704, P=0.015), Killip grade (OR 2.190, 95% CI 1.065-4.503, P=0.033), high thrombus load (OR 3.146,
95% CI 1.424-6.952, P<0.01), no-reflow (OR 3.142, 95% CI 1.419-6.955, P<0.01) and ischemic postconditioning (OR
0.445, 95% CI 0.209-0.944, P=0.035) (Table 3).
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Table 2 Univariate Logistic Regression Analysis of the Data from the Training Cohort

Variables OR 95% CI P value
Age, years 0.985 (0.965;1.004) 0.127
Sex 0.397 (0.177;0.891) 0.025
Height, cm 1.000 (0.982;1.018) 0.99
Weight, kg 1.004 (0.984;1.025) 0.674
SBP, mmHg 1.006 (0.991;1.02) 0.454
DBP, mmHg 1.009 (0.988;1.03) 0418
HR, times/min 1.018 (0.997;1.038) 0.09
Smoking, n (%) 1.254 (0.74;2.124) 0.401
Drinking, n (%) 0.99 (0.572;1.714) 0.972
Hypertension, n (%) 0.798 (0.468;1.36) 0.407
Diabetes, n (%) 1.400 (0.731;2.68) 0.310
Stroke, n (%) 0.453 (0.14;1.467) 0.186
History of CAD, n (%) 1.488 (0.795;2.783) 0.214
Laboratory test
WBC, x10°/L 0.991 (0.963;1.019) 0.507
N, x10%/L 1.231 (1.124;1.348) <0.001
L, x10%L 0.889 (0.724;1.092) 0.263
NLR, % 1.017 (0.982;1.054) 0.345
RBC, x10°/L 1.534 (0.941;2.503) 0.086
Hb, g/L 1.048 (1.028;1.067) <0.001
PLT, x10°/L 1.000 (0.995;1.004) 0.880
HsCRP, mg/dI 1.012 (0.996;1.028) 0.143
Albumin, g/L 1.024 (0.964;1.088) 0.440
SCr, mmol/L 1.006 (0.988;1.025) 0.503
eGFR, mL/min/1.73m2 1.014 (0.996;1.033) 0.133
Glucose, mmol/L 1.027 (0.924;1.141) 0.621
TC, mmol/L 1.122 (0.932;1.351) 0.224
TG, mmol/L 1.387 (1.154;1.667) 0.001
HDL cholesterol, mmol/L 2.036 (0.763;5.434) 0.156
LDL cholesterol, mmol/L 1.006 (0.785;1.288) 0.965
sdLDL cholesterol, mmol/L 0.988 (0.608;1.606) 0.962
Apo A, g/lL 3.031 (0.845;10.866) 0.089
Apo B, g/L 1.292 (0.524;3.187) 0.578
Lpa, mg/L 0.9989 (0.9974;1.0004) 0.171
LDH, U/L 1.0006 (1.0001;1.0012) 0.015
CKMB, ng/mL 1.005 (1.002;1.008) 0.003
HsTnT, ng/L 1.0002 (1.0001; 1.0003) <0.001
NT-proBNP, pg/mL 1.000 (0.9999; 1.0001) 0.899
CTNI, ng/L 1.022 (1.005;1.038) 0.010
FIB, g/L 1.002 (0.711;1.414) 0.989
DD2, ug/mL 0.750 (0.412;1.365) 0.347
HbAlc (%) 1.071 (0.885;1.296) 0.700
SUA, umol/L 1.001 (0.998;1.004) 0.572
Angiographic features
SBT, h 1.108 (1.003;1.224) 0.043
D2B, min 0.999 (0.993;1.005) 0.837
Pre-AP, n (%) 0.686 (0.353;1.332) 0.265
Killip grade 2.098 (1.222;3.602) 0.007
History of stent implantation, n (%) 0.744 (0.281;1.965) 0.550
Multivascular disease, n (%) 1.238 (0.712;2.152) 0.450
LAD, n (%) 1.23 (0.726;2.083) 0.442
(Continued)
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Table 2 (Continued).

Variables OR 95% ClI P value
LCX, n (%) 1.773 (0.767;4.098) 0.181
RCA, n (%) 0.65 (0.379;1.115) 0.117
Calcified lesions, n (%) 4.846 (0.984;23.87) 0.052
Proximal lesions, n (%) 0.887 (0.523;1.507) 0.658
Bifurcation lesion, n (%) 1.478 (0.767;2.845) 0.243
Stent length, mm 0.989 (0.964;1.014) 0.383
Stent diameter, mm 0.650 (0.334;1.266) 0.205
Number of stents, n (%) 0.725 (0.328;1.605) 0.428
High thrombus load, n (%) 3.420 (1.827;6.400) <0.001
No-reflow, n (%) 2.891 (1.575;5.306) 0.001
Ischemic postconditioning, n (%) 0.370 (0.207;0.663) 0.001
Temporary pacemaker, n (%) 2.646 (0.236;29.608) 0.430
Procedural medication

Tirofiban, n (%) 1.336 (0.708;2.521) 0.371
Atropine, n (%) 1.154 (0.404;3.298) 0.789
Dopamine or Hydroxylamine, n (%) 0.634 (0.210;1.920) 0.421
Nitroprusside, n (%) 1.081 (0.627;1.865) 0.779

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; N, neutrophils; L, lymphocytes; NLR, N/L ratio; RBC, red blood cell;
Hb, hemoglobin; PLT, platelets; hsCRP, high-sensitivity C-reactive protein; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein; LDL, low density lipoprotein; sdLDL, small dense low-density lipoprotein; Apo A, apolipoprotein A; Apo B, apolipoprotein B;
Lpa, lipoprotein a; LDH, lactate dehydrogenase; CKMB, creatine kinase isoenzyme-MB; hsTnT, high-sensitivity troponin T; cTnl, cardiac troponin I; NT-proBNP, N-terminal
pro-brain natriuretic peptide; FIB, fibrinogen; DD2, D-dimer; HbA | ¢, glycated hemoglobin; sUA, serum uric acid; SBT, symptom onset-to-balloon time; D2B, door-to-balloon
time; preAP, pre-infarction angina; LAD, left anterior descending; LCX, left circumflex branch; RCA, right coronary artery.

Development and Validation of Nomogram to the Predictive Probability of CMVO
After Primary PCI

These 7 independent influencing factors selected by multivariate regression analysis were incorporated to generate
a nomogram, and the nomogram was showed in Figure 2. The AUC for the nomogram of the training cohort and the
validation cohort was 0.835 (95% CI: 0.780-0.882) and 0.881 (95% CI: 0.803-0.939), respectively, which suggested
a nomogram with good discriminative capacity, and ROC curves were showed in Figure 3A and B. The calibration of the
nomogram was assessed by using the calibration curve and Hosmer-Lemeshow test. The calibration plot showed good
agreement between the nomogram and the validating sets (Figure 4A and B), and the Hosmer-Lemeshow test also suggested
high consistency for predicted and actual probability in both the nomogram (P = 0.684) and validation (P = 0.727) cohort.

Table 3 Multivariate Logistic Regression Analysis of the Data from the Training Cohort

Variable OR 95% CI P value
Killip grade, n (%) 2.19 (1.065;4.503) 0.033
N, x10°/L 1.166 (1.044; 1.303) 0.006
Hb, g/L 1.037 (1.013; 1.062) 0.002
TG, mmol/L 1.343 (1.059; 1.704) 0.015
High thrombus load, n (%) 3.146 (1.424; 6.952) 0.005
No-reflow, n (%) 3.142 (1.419; 6.955) 0.005
Ischemic postconditioning, n (%) 0.445 (0.209; 0.944) 0.035

Abbreviations: N, neutrophils; Hb, hemoglobin; TG, triglycerides.
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Figure 2 Nomogram for predicting the possibility of CMVO after primary PCl in NSTEMI patients.
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Figure 3 ROC curves for the nomogram in the training cohort (A) and the validating cohort (B).
Abbreviation: ROC, receiver operating characteristics.

Use of the Nomogram
The possibility of CMVO after NSTEMI is predicted by combining N, Hb, TG, Killip grade, high thrombus load, No-
reflow, and ischemic postconditioning. The score of each variable is calculated by drawing a vertical line between each

variable axis and the top line of the nomogram. Then, we can add the scores of each variable and find the corresponding
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Figure 4 The calibration plot for the nomogram in the training cohort (A) and the validating cohort (B). The predicted probability of CMVO is plotted on the x-axis and the
actual probability is plotted on the y-axis.
Abbreviation: CMVO, cardiac microvascular obstruction.

score on the total scoreline. Finally, we can draw a vertical line from the total scoreline to the bottom predicted
probability scale to obtain the individual probability of CMVO in NSTEMI patients.

Clinical Effectiveness

The clinical validity of the nomogram was evaluated by the decision curve analysis (DCA). As shown decision curve, the
blue dotted line represents the intervention-none and the net benefit with zero, the green dotted line shows intervention-
all-patients. The upper part of the green dotted line represents positive income, meanwhile, the lower part represents
negative income. Redline represents a threshold of the model. The threshold of the nomogram and validation sets exceed
widely threshold range and all range shows from approximately 5% to 85%, which suggests that the nomogram was
clinically useful (Figure 5A and B).

Discussion

At present, in clinical practice, primary PCI is the main treatment method for NSTEMI. However, even after primary
PCI, some NSTEMI patients still have main adverse cardiovascular events, which seriously affect people’s quality of life.
However, the current evaluation of CMVO still lacks a unified prediction and scoring system. Therefore, the focus of the
present study is to develop a nomogram and identify the possibility of CMVO after PCI for NSTEMI patients. Based on
multivariate logistic regression analysis, we identified the following 7 independent influencing factors for CMVO: N, Hb,
TG, Killip grade, high thrombus load, no-reflow and ischemic postconditioning. The present study demonstrates that
a simple diagnostic score composed of the above independent risk factors is a valid clinical tool for calculating the
possibility of CMVO after primary PCI. The excellent correspondence of results in both the nomogram and verification
cohort demonstrated that the score is useful enough to provide accurate risk stratification of NSTEMI patients even
among people in different periods.

For AMI, what was once considered to be a disease with a high risk for mortality have been treated effectively with
low mortality because of primary PCI, during the past 2 decades. However, despite the general success of primary PCI,
a large proportion of patients do not achieve myocardial reperfusion owing to CMVO after primary PCI.** Several
studies have clearly shown that CMVO is interrelated to various adverse prognoses, such as ventricular remodeling, heart
failure, and death.® Therefore, the diagnosis of CMVO is particularly important for clinicians. Xiao et al established
a model for predicting CMVO after primary PCI in STEMI patients,” but their results may have certain controversy.
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Firstly, they defined TMPG 3 grade as the gold standard for CMVO, however, the current gold standard for diagnosing
CMVO is DE-CMR in our study. Early studies had shown that even if coronary angiography showed complete recovery
of epicardial blood flow, a sizeable proportion of patients still had CMVO.'""'* And secondly, their model has not been
tested for clinical effectiveness, whether the model can be effectively applied in a clinic is still unknown. Meanwhile, in
the present study, not only do we regard DE-CMR as the gold standard for diagnosing CMVO, but also our model has
good clinical effectiveness by conducting clinical effectiveness tests.

Previous studies have shown that the emergence of CMVO was caused by multiple interactive mechanisms, which
makes the diagnosis of CMVO unable to be predicted by a single factor. Among the various CMVO mechanisms, the
following four mechanisms are widely accepted: distant embolization, ischemia-related injury, reperfusion-related injury,
and individual susceptibility.?*° In this study, multiple risk factors were identified to develop a nomogram that can
predict the possibility of CMVO after primary PCI. For the constituent elements of nomogram in the present study,
neutrophils result in capillary blocking in the coronary microcirculation and can mediate endothelial function injury
leading to the “no-reflow” phenomenon.*”** As one of the major risk factors in cardiovascular disease, the mechanism of
the contribution of dyslipidemia in atherosclerosis has been widely accepted. Hypertriglyceridaemia exerts detrimental
effects on nitric oxide bioavailability resulting in endothelial dysfunction and stimulating the accumulation of inflam-
matory factors to the endothelial surface decreasing stability of coronary artery plaques.”’=° For AMI patients, the Killip
grade indicates their quality of heart function, and the high Killip grade represents poor heart function and larger infarct
size.’! Jang and De Luca et al found that high Killip grade was associated with a high coronary microcirculation
resistance index and myocardial reperfusion injury.***

In addition, the study also found high thrombus load, no-reflow were independent risk factors and ischemic
postconditioning was an independent protective factor for CMVO after primary PCI. The high-load thrombus may
break up to form small or tiny thrombus to block the distal capillaries either spontaneously or after mechanical dilation of
the culprit lesion, which can cause the “no-reflow” or slow-reflow of the culprit’s vessel during primary PCI,** which
may aggravate ischemia-reperfusion injury. In clinical practice, we often regard “no-reflow” phenomenon as CMVO, yet
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CMVO may be more complicated than the “no-reflow”.*> Most “no-reflow” phenomena are reversible by applying
vasodilators into the coronary arteries,”® In addition, Kim and Vicente et al found that the possibility of CMVO
diagnosed by coronary angiography is often lower than the actual incidence of CMVO.""'* Meanwhile, Engstrom
et al found that ischemic postconditioning had no obvious positive effect on death and hospitalization,*® but the study
from Zhao et al found that ischemic postconditioning was cardio-protective effect on the heart by attenuating myocardial
edema after reperfusion injury.”” The cardioprotection by ischemic preconditioning could be achieved through several
complex signal transduction pathways. Although several risk factors and comorbidities, including advanced age,
diabetes, hypertension, and Hyperemia, may attenuate or abrogate the cardioprotection effects of ischemic postcondition-
ing, this cardioprotection effect could be not affected by coronary microembolization.”** The protective effect of
ischemic postconditioning is consistent with the results of this study.

Currently, some studies have proved that age, smoking, and other factors are independent risk factors for CMVO.
With the increase of age, aging-related vascular endothelial dysfunction can induce coronary artery disease.*”** In
addition, endothelial dysfunction has been confirmed in the coronary arteries of long-term smokers, in whom coronary
flow reserve was reduced by 21% by comparing with the value in nonsmoking.*' However, the present study did not get
similar results with the above. We analyzed the following reasons for the above results: 1) In this study, only 30% of
patients were elderly, which reduced the proportion of risk factors for advanced age. 2) In this study, about 97% of
smoking patients were young and middle-aged, which may increase the influence of age as a risk factor on the results. 3)
The data collection bias has a certain impact on the experimental results because of the retrospective study. Although the
nomogram does not include the above influencing factors, it can still predict the occurrence of CMVO accurately.

Limitations

Several limitations should be pointed out. Firstly, the present study is a single-center retrospective design. The number of
patients is small, and the selected population is relatively limited, which may lead to experimental bias. Further studies,
especially multi-center registration, large-scale prospective research should be needed to verify the transportability and
generalizability of our nomogram. Secondly, some indicators of echocardiography were not included in the nomogram.
Finally, the nomogram cannot be applied to those patients with Killip IV grade, as these patients were excluded in this study.

Conclusions

The nomogram developed by using 7 factors, including N, Hb, TG, Killip grade, high thrombotic load, no-reflow, and
ischemic post-treatment, could be used to calculate the possibility of CMVO in NSTEMI patients after primary PCI, and
it could help clinicians contribute to the risk stratification, judge the prognosis and make a decision for treatment in
NSTEMI patients.
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