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Abstract

Background

A substantial number of patients presenting with non-ST-elevation myocardial infarction

(NSTEMI) and multivessel disease (MVD) have severe left ventricular systolic dysfunction

(LVSD) (left ventricular ejection fraction (LVEF) less than 35%). But data are lacking regard-

ing optimal percutaneous coronary intervention (PCI) strategy for these patients. The aim of

this study was to compare the long-term outcomes of IRA (infarct-related artery)-only and

multivessel PCI in patients with NSTEMI and MVD complicated by severe LVSD.

Methods

Among 13,104 patients enrolled in the PCI registry from November 2011 to December

2015, patients with NSTEMI and MVD with severe LVSD who underwent successful PCI

were screened. The primary outcome was 3-year major adverse cardiovascular events

(MACEs), defined as all-cause death, any myocardial infarction, stroke, and any

revascularization.
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Results

Overall, 228 patients were treated with IRA-only PCI (n = 104) or MV-PCI (n = 124). The

MACE risk was significantly lower in the MV-PCI group than in the IRA-only PCI group

(35.5% vs. 54.8%; hazard ratio [HR] 0.561; 95% confidence interval [CI] 0.378–0.832; p =

0.04). This result was mainly driven by a significantly lower risk of all-cause death (23.4%

vs. 41.4%; hazard ratio [HR] 0.503; 95% confidence interval [CI] 0.314–0.806; p = 0.004).

The results were consistent after multivariate regression, propensity-score matching, and

inverse probability weighting to adjust for baseline differences.

Conclusions

Among patients with NSTEMI and MVD complicated with severe LVSD, multivessel PCI

was associated with a significantly lower MACE risk. The findings may provide valuable

information to physicians who are involved in decision-making for these patients.

Introduction

Despite the advancement of preventive medical interventions, guideline-recommended early

intervention strategies, and early detection methods such as high-sensitivity troponin, as well

as widespread public awareness of acute myocardial infarction (AMI), the incidence of non-

ST-elevation myocardial infarction (NSTEMI) has been increasing in the past decade, accord-

ing to data from the United States [1], Europe [2] and South Korea [3]. Multivessel disease

(MVD) is prevalent among acute myocardial infarction (AMI) patients, and it is identified in

40–50% of patients seen with STEMI [4, 5], and 40–70% of those seen with NSTEMI [6, 7].

The presence of MVD with severe left ventricular systolic dysfunction (LVSD) in AMI patients

has long been associated with worse clinical outcomes [5, 8]. Recently, data from the British

Cardiac Intervention Society (BCIS) PCI database [9] and Korea Acute Myocardial Infarction

Registry [10, 11] showed significantly lower cumulative mortality rates in patients who under-

went multivessel (MV)-PCI than in those who underwent infarct-related artery (IRA)-only

PCI, demonstrating that LVSD is a strong predictor of all-cause mortality. Nevertheless, a

minority of the population in both registries was affected by severe LVSD. Although the cur-

rent guidelines recommend the MV-PCI strategy in NSTEMI patients with MVD, excluding

those with cardiogenic shock [12, 13], the preferred revascularization strategy has not been

defined, and the PCI strategy used in NSTEMI patients with severe LVSD (left ventricular ejec-

tion fraction (LVEF)� 35%) was inconsistent, as the selection of the strategy depends on the

operator due to the absence of robust clinical data. Therefore, we investigated the efficacy and

safety of two reperfusion strategies, IRA-only PCI and MV-PCI, in patients with NSTEMI and

MVD with severe LVSD in real-world practice.

Methods

Design and study population

The data were obtained from the Korea Acute Myocardial Infarction Registry–National Insti-

tutes of Health (KAMIR-NIH) database. The KAMIR-NIH is a prospective, multicenter,

cohort study that included AMI patients from 20 tertiary university hospitals in Korea from

November 2011 to December 2015. The detailed study protocols have been published
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previously [14]. Among the 13,104 patients, we analyzed patients with NSTEMI and MVD

who presented with severe LVSD and underwent PCI. The definition of NSTEMI was based

on the criteria for the fourth universal definition of MI [15]. MVD was defined as the presence

of� 70% diameter stenosis in two or more major epicardial arteries or� 50% diameter steno-

sis in the left main coronary artery.

Global LV systolic function was qualitatively measured based on a 2-dimensional echocar-

diogram as the LVEF. Severe LVSD was defined as LVEF� 35% based on inclusion criteria of

STICH (Surgical Treatment for Ischemic Heart Failure) trial [16] and current recommenda-

tions for revascularization (2013 ACC/AHA guideline for heart failure [17] and 2018 ESC/

EACTS Guidelines on myocardial revascularization [18]). PCI was considered successful if the

final residual stenosis was<30% with thrombolysis in myocardial infarction (TIMI) grade 3

flow. To compare the effect of two PCI strategies (MV-PCI or IRA-only PCI) in patients with

NSTEMI and MVD with severe LVSD, we only included who successfully underwent PCI dur-

ing initial hospitalization. We excluded 216 patients (33 patients who had unsuccessful or

failed PCI, 2 patients who received thrombolysis, and 181 patients who did not undergo CAG)

who were considered inappropriate candidates for CAG (and PCI). Other exclusion criteria

were STEMI, patients who had a history of coronary artery bypass grafting (CABG), had sin-

gle-vessel disease, or presented with a LVEF > 35% at presentation. Finally, 228 patients were

included for analysis and stratified according to revascularization strategy (i.e., IRA-only PCI

or MV-PCI) (Fig 1). MV-PCI was defined as IRA PCI followed by either non-IRA PCI at the

time of index PCI or staged non-IRA PCI during initial hospitalization. After PCI, dual anti-

platelet therapy was prescribed and maintained for at least 1 year unless there was any reason

Fig 1. Study flowchart. The study population selection and the numbers of patients included and excluded in the present study are shown. STEMI, ST-

segment elevation myocardial infarction; CABG, coronary artery bypass graft; IRA, infarct-related artery; PCI, percutaneous coronary intervention;

LVEF, left ventricular ejection fraction; CAG, coronary angiography; POBA, plain old balloon angioplasty.

https://doi.org/10.1371/journal.pone.0258525.g001
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for its discontinuation. Patients were managed according to current NSTEMI guidelines [18,

19]. Cardiogenic shock was defined as systolic blood pressure <90 mm Hg for>30 min or the

need for inotropes to maintain systolic blood pressure>90 mm Hg; signs of pulmonary con-

gestion; and signs of impaired organ perfusion with at least 1 of the following: cool extremities,

decreased urine output < 30ml/h, increased lactic acid level (> 2.0 mmol/l), or altered mental

status. The complexity of coronary lesions was scored based on the definitions of the American

College of Cardiology (ACC)/American Heart Association (AHA). Complex coronary anat-

omy (or complex lesion) was defined as ACC/AHA type B2 or C lesions [20]. CKD (chronic

kidney disease) was defined as GFR� 59 mL/min/1.73m2. The eGFR (estimated glomerular-

filtration rate) was calculated using the Cockroft-Gault Formula. The choice of PCI strategy,

prescribed medications, approach site, use of intravascular imaging, procedural application

related to PCI such as stents (type, diameter, length, and the number of stents), aspiration

thrombectomy, or hemodynamic support devices were left to the discretion of operator. Clini-

cal events that occurred during index hospitalization and within the 3-year follow-up were

analyzed. This study was approved by the institutional review board (IRB) of each participating

institution (IRB of the Catholic University of Korea, Daejeon, St. Mary’s hospital, IRB of the

Catholic University of Korea, Suwon, St. Vincent’s Hospital, IRB of the Catholic University of

Korea, Seoul, St. Mary’s hospital, IRB of Chonnam National University, IRB of Korea Univer-

sity Guro IVD Support Center, IRB of Seoul National University Hospital Biomedical

Research Institute, IRB of Samsung Medical Center Clinical Trial Center, IRB of Chungnam

National University Hospital, IRB of Chungbuk National University Hospital, IRB of Kyung-

pook National University Hospital, Clinical Trial Center of Keimyung University Dongsan

Medical Center, Clinical Trial Center for Medical Devices of Yeungnam University Hospital,

Clinical Trial Center of Pusan National University Hospital, IRB of Wonkwang University

Hospital and IRB of Chonbuk National University Hospital) and was conducted according to

the Declaration of Helsinki. Written informed consent was obtained from all participants.

Outcomes

The primary outcome was major adverse cardiac events (MACEs) at 3 years (a composite of

all-cause death, any myocardial infarction (MI), stroke, or any repeat revascularization). The

secondary outcomes were the individual components of cardiac death, non-IRA repeat revas-

cularization, or any rehospitalization at 3 years. In-hospital outcomes were defined as cardio-

genic shock, recurrent MI, newly developed heart failure, stent thrombosis, and

cerebrovascular events (a composite of cerebral infarction and intracranial hemorrhage). In-

hospital complications included TIMI major and minor bleeding, acute kidney injury (AKI),

ventricular tachycardia (VT), or ventricular fibrillation (VF). All deaths were considered car-

diac deaths unless a definite noncardiac cause was identified. Recurrent MI was defined as the

recurrence of angina accompanied by changes in electrocardiogram or an increase in cardiac

enzyme levels. Repeat revascularization was documented as clinically driven revascularization

that happened after discharge from the index hospitalization. AKI was defined as a reduction

in kidney function (absolute increase in serum creatinine of� 0.3 mg/dl, a percentage increase

in serum creatinine� 50% or a decrease in urine output� 0.5 ml/kg/h for more than 6 h) less

than 48 h after PCI. All clinical outcomes were defined according to the Academic Research

Consortium guidelines.

Statistical analysis

Continuous variables are expressed as the means ± standard deviations when normally distrib-

uted or as the medians (interquartile ranges) if nonnormally distributed. Categorical data are
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presented as absolute values and percentages. Differences in categorical variables between

groups were analyzed with the chi-square test or Fisher’s exact test as appropriate, and differ-

ences in continuous variables between groups were analyzed with 2-tailed Student‘s t-tests or

the Mann-Whitney U tests. Stratified by the revascularization strategy, the primary outcome

was estimated at 3 years. The data are presented in tables. Kaplan-Meier curves were con-

structed. The log-rank test was performed to compare the incidences of the outcomes between

the groups stratified by revascularization strategy. Based on the variables that were significant

(P< 0.05), propensity score-matching analysis was performed to reduce bias due to confound-

ing variables. Baseline demographic, clinical, and angiographic characteristics were compared

within the propensity score-matched group. The propensity score was computed by nonparsi-

monious multiple logistic regression analysis (c-statistics = 0.668). Matching was performed

using 1:1 nearest- neighbor matching from an initial 7 to 1 digit. For inverse probability of

treatment weighting (IPTW) adjustment, the inverse of the propensity score was assessed by

calculating the standardized mean differences in the covariate used to generate the propensity

score. We confirmed the model reliability with the goodness-of-fit test (p = 0.771). In the

matched cohort, paired comparisons were performed using McNemar’s test for binary vari-

ables and a paired t-test for continuous variables. All analyses were two-tailed, and clinical sig-

nificance was defined as p< 0.05. All statistical analyses were performed using Statistical

Analysis Software (SAS, version 9.4, SAS Institute, Cary, NC, USA).

Results

Of the 13,104 patients enrolled in the KAMIR-NIH registry, 6,192 patients were diagnosed

with NSTEMI. Among them, 3486 (56.3%) patients had MV disease. Among the 6,192

NSTEMI patients, 437 patients were diagnosed with NSTEMI with severe LVSD. Among

them, 338 (77.3%) patients had MV disease (S1 Fig). Patients were excluded from the analysis

if they met one of the exclusion criteria (Fig 1). Finally, 228 patients were selected for inclusion

in the study. Among these patients, 104 (45.6%) underwent IRA-only PCI, and 124 (54.4%)

underwent MV-PCI. The median follow-up duration was 1074 days (Fig 1).

Baseline characteristics

The baseline clinical, lesional and procedural characteristics are described in Tables 1 and 2

(baseline characteristics of the propensity score-matched cohort are listed in S1 and S2

Tables). The study population had a mean age of 69.5 years, and 68.4% were men; 52.1% of

the patients had diabetes, 61.8% had hypertension, 26.8% were current smokers, and 53.0%

had chronic kidney disease (CKD). The majority of PCI procedures were performed through

the radial route, accounting for 64.9% of the procedures. Most of the patients who underwent

PCI received second-generation drug-eluting stent (DES)s. Of these patients, 104 (45.6%)

underwent IRA-only PCI, and 124 (54.4%) underwent MV-PCI. Overall, there was no signifi-

cant difference in baseline characteristics between the two groups, with the exception that

those undergoing IRA-only PCI were older, were less likely to have received potent P2Y12

inhibitors and had a lower left main (LM) disease incidence in the overall lesion profile. The

median time interval between the diagnosis and CAG was 2.2 ± 4.8 days without a significant

difference between the two groups (1.9 ± 3.1 days in the MV-PCI group vs. 2.6 ± 6.2 days in

the IRA-only PCI group, p = 0.951). There were also no differences in the time from symptom

onset to revascularization between the groups.
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Table 1. Baseline demographic, clinical and laboratory characteristics in the study population stratified by revascularization strategy.

Crude population

Characteristic Total population IRA-Only PCI Multivessel PCI p-value

(n = 228) (n = 104) (n = 124)

Demographic

Age (years) 69.5±11.1 71.1±10.7 68.1±11.2 0.045

Age > 70 years 129(56.6) 65(62.5) 64(51.6) 0.099

Male 156(68.4) 74(71.2) 82(66.1) 0.416

BMI (kg/m2) 22.8±3.6 22.9±4.2 22.7±3.1 0.744

Initial presentation

SBP (mmHg) 126.6±34.0 126.5±34.5 126.7±33.7 0.965

DBP (mmHg) 76.4±20.8 76.2±21.2 76.6±20.5 0.884

Heart rate (frequency/min) 95.3±25.0 95.9±23.8 94.8±26.1 0.744

Killip classification (%) 97(42.5) 43(41.4) 54(43.6) 0.738

III, IV 126.6±34.0 126.5±34.5 126.7±33.7 0.965

Symptom onset-to-arrival time, days 1.6±3.1 1.3±1.8 1.8±3.9 0.386

Arrival-to-angiography time, days 2.2±4.8 2.6±6.2 1.9±3.1 0.951

Clinical risk factors

Diabetes (%) 121(53.1) 57(54.8) 64(51.6) 0.630

Hypertension (%) 141(61.8) 62(59.6) 79(63.7) 0.526

Dyslipidemia (%) 22(9.6) 8(7.7) 14(11.3) 0.359

Previous MI (%) 32(14.0) 16(15.4) 16(12.9) 0.591

Prior CVA (%) 32(14.0) 16(15.4) 16(12.9) 0.591

CKD (%) 121(53.1) 54(51.9) 67(54.0) 0.751

eGFR (mL/min/1.72m2) 34.9±16.9 34.4±14.6 35.3±18.6 0.780

Stage 3 78(34.2) 35(33.7) 43(34.7)

Stage 4 18(7.9) 12(11.5) 6(4.8)

Stage 5 25(11.0) 7(6.7) 18(14.5)

Current smoking (%) 61(26.8) 22(21.2) 39(31.5) 0.080

Laboratory findings

Hb (g/dL) 12.6±2.2 12.4±2.2 12.7±2.3 0.352

Creatinine (mg/dL) 1.9±1.9 1.8±1.7 1.9±2.0 0.602

eGFR (mL/min/1.72m2) 60.4±34.1 59.7±32.7 61.0±35.4 0.772

HbA1c (%) 7.0±1.7 6.8±1.5 7.1±1.8 0.219

CK-MB (ng/mL) 69.1±112.3 66.5±119.4 71.3±106.5 0.349

Troponin I (ng/mL) 36.3±77.9 27.9±63.0 43.0±88.0 0.187

LDL cholesterol (mg/dL) 102.3±39.5 95.7±34.1 107.5±42.7 0.036

HDL cholesterol (mg/dL) 40.8±11.7 42.0±11.7 39.8±11.7 0.182

hsCRP (mg/L) 3.1±4.5 2.9±4.5 3.3±4.6 0.218

NT-proBNP (pg/mL) 10,109.9±10,809.1 10,273.6±11,251.5 9,938.2±10,391.4 0.900

LVEF (%) 27.9±5.0 27.8±4.7 28.0±5.3 0.819

Medications at discharge

Aspirin (%) 221(96.9) 100(96.2) 121(97.6) 0.705

Clopidogrel (%) 183(80.3) 91(87.5) 92(74.2) 0.012

Prasugrel (%) 15(6.6) 3(2.9) 12(9.7) 0.039

Ticagrelor (%) 23(10.1) 7(6.7) 16(12.9) 0.123

Potent P2Y12 inhibitors (%) 38(16.7) 10(9.6) 28(22.6) 0.009

ACE inhibitor/ARB (%) 170(74.6) 75(72.1) 95(76.6) 0.437

ß-blocker (%) 179(78.5) 78(75.0) 101(81.5) 0.238

(Continued)
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In-hospital clinical outcomes and complications

There were no significant differences between the two groups in in-hospital outcomes. There

was a higher proportion of patients with cardiogenic shock in the IRA-only PCI group but a

lower proportion with newly developed heart failure after PCI; however, neither difference

was statistically significant. No significant differences were observed in in-hospital complica-

tions, such as TIMI major or minor bleeding, AKI, or life-threatening arrhythmia (e.g., VT,

VF) (Table 3, upper panel). There were no differences in in-hospital outcomes or in-hospital

complications between the two groups in the propensity score-matched cohort (Table 3, lower

panel).

Long-term clinical outcomes

The 3-year clinical outcomes stratified by revascularization strategy were shown in Table 4.

The risk of MACEs was significantly lower in the MV-PCI group than in the IRA-only PCI

group (35.5% vs. 54.8%; HR (95% CI): 0.56 (0.38–0.83); p = 0.004) and was mainly driven by a

significantly lower risk of all-cause mortality in the MV-PCI group. The risk of cardiac death

was also significantly lower in the MV-PCI group than in the IRA-only PCI group (14.5% vs.

30.8%; HR (95% CI): 0.43 (0.24–0.76); p = 0.004). Sensitivity analysis performed with multivar-

iate Cox regression, propensity-score matching, and IPTW adjustment consistently showed a

significantly lower risk of MACEs, all-cause mortality, and cardiac death in the MV-PCI group

than in the IRA-only PCI group (Table 4). The 3 years clinical outcomes of two reperfusion

strategy in propensity-score matched population are depicted in Fig 2. The MV-PCI groups

showed a significantly lower risk of MACEs and all-cause death compared with the IRA-only

groups. The risk of any MI and any revascularization also showed a similar trend: patients

treated by the MV-PCI experienced fewer events than those treated by the IRA-only PCI

throughout the study period.

Independent predictors of MACEs

A multivariate Cox proportional hazard model identified independent predictors of MACEs

(S3 Table). In the multivariable logistic regression model, MV-PCI, statin use, and troponin I

were independent predictors of MACEs. The MV-PCI was independently associated with a

lower MACE risk (HR (95% CI): 0.576 (0.335–0.990); p = 0.046) than the IRA-only PCI at 3

years.

Table 1. (Continued)

Crude population

Characteristic Total population IRA-Only PCI Multivessel PCI p-value

(n = 228) (n = 104) (n = 124)

Statin (%) 190(83.3) 83(79.8) 107(86.3) 0.191

Oral anticoagulant (%) 22(9.6) 9(8.7) 13(10.5) 0.641

Data are presented as mean ± SD, median (interquartile range), and number (percentage) as appropriate.

Abbreviations: IRA, infarct related artery; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MI, myocardial infarction; CVA,

cerebrovascular accident; CKD, chronic kidney disease; Hb, hemoglobin; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin A1c; LDL, low-

density lipoprotein; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal prohormone of brain natriuretic peptide;

LVEF, left ventricular ejection fraction; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

https://doi.org/10.1371/journal.pone.0258525.t001
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Table 2. Baseline lesional and procedural characteristics in the study population stratified by revascularization strategy.

Crude Population

Characteristic Total IRA-Only PCI Multivessel PCI p-value

(n = 228) (n = 104) (n = 124)

Culprit vessel (%) 0.188

LAD 93(40.8) 50(48.1) 43(34.7)

LCX 42(18.4) 18(17.3) 24(19.4)

RCA 69(30.3) 28(26.9) 41(33.1)

LMCA 24(10.5) 8(7.7) 16(12.9)

Lesion classification (%)

B2/C 206(90.4) 92(88.5) 114(91.9) 0.376

Small vessel 110(48.2) 47(45.2) 63(50.8) 0.398

Long lesion 118(51.8) 48(46.2) 70(56.5) 0.121

Overall lesion profile (%)

Left main disease 41(18.0) 13(12.5) 28(22.6) 0.048

Three-vessel disease 105(46.1) 50(48.1) 55(44.4) 0.574

Pre TIMI flow of culprit vessel (%) 0.328

0 58(25.4) 22(21.2) 36(29.0)

I 34(14.9) 18(17.3) 16(12.9)

II, III 136(59.6) 64(61.5) 72(58.1)

Post TIMI flow of culprit vessel (%)

II, III 228(100.0) 104(100.0) 124(100.0)

IVUS during PCI (%) 48(21.1) 17(16.4) 31(25.0) 0.110

OCT during PCI (%) 2(0.9) 2(1.9) 0(0.0) 0.207

IRA treatment (%) 0.181

Bare-metal stent 8(3.5) 5(4.8) 3(2.4)

First-generation DES 2(0.9) 2(1.9) 0(0.0)

Second-generation DES 218(95.6) 97(93.3) 121(97.6)

Total number of implanted stents 2.0±1.0 1.3±0.6 2.6±1.0 <0.001

Timing of non-IRA PCI

Single-staged PCI during index procedure - - 84(67.7) -

Multi-staged PCI during index hospitalization - - 40(32.3) -

Complete revascularization - - 75(60.5) -

Hemodynamic support

Intra-aortic balloon pump 15(6.6) 5(4.8) 10(8.1) 0.323

Extracorporeal membrane oxygenation 6(2.6) 4(3.9) 2(1.6) 0.416

Approach site

Transfemoral approach 80(35.1) 36(34.6) 44(35.5) 0.891

Glycoprotein IIb/IIIa inhibitor 22(9.6) 13(12.5) 9(7.3) 0.182

Thrombus aspiration 20(8.8) 10(9.6) 10(8.1) 0.680

Data are presented as number (percentage) where appropriate.

Abbreviations: LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.

LMCA, left main coronary artery, lesion based on American College of Cardiology/American Heart Association. lesion classification; TIMI, thrombolysis in myocardial

infarction; IVUS, intravascular ultrasound; OCT, optical coherence tomography; DES, drug eluting stent; PCI, percutaneous coronary intervention; GpIIb-IIIa

inhibitor, glycoprotein IIb/IIIa inhibitor.

https://doi.org/10.1371/journal.pone.0258525.t002
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Landmark analysis

The Kaplan-Meier curves for 1-month and 3-year MACEs for the propensity score-matched

cohort are shown in Fig 3. The landmark analysis revealed that the difference in MACEs based

on the revascularization strategy mostly occurred after 1 month. The 1-month landmark anal-

ysis showed that there was no significant difference in the risk of MACEs between the

MV-PCI group and the IRA-only PCI group (11.6% vs. 7.0%; HR (95% CI): 0.60(0.22–1.64);

p = 0.424). However, beyond 1 month, patients in the IRA-only PCI group consistently had a

higher risk of MACEs than patients in the MV-PCI group (43.0% vs. 26.7%; HR (95% CI): 0.43

(0.32–0.90); p = 0.039).

Table 3. In-hospital clinical outcomes and complications stratified by revascularization strategy in the overall and propensity score-matched populations.

Crude population

IRA-Only PCI Multivessel PCI p-value Log rank p-value HR 95.0% CI p-value

No. (%) No. (%)

(n = 104) (n = 124) Lower Upper

Cardiogenic shock 14(13.5) 16(12.9) 0.901 0.903 0.958 0.468 1.963 0.907

Newly developed heart failure 20(19.2) 30(24.2) 0.367 0.369 1.263 0.717 2.225 0.418

Stent thrombosis 1(1.0) 1(0.8) >0.999 0.901 0.839 0.052 13.409 0.901

Recurrent myocardial infarction 1(1.0) 1(0.8) >0.999 0.901 0.839 0.052 13.409 0.901

Cerebral infarction 0(0.0) 2(1.6) 0.502 0.201 - - - -

ICH 3(2.9) 4(3.2) >0.999 0.906 1.094 0.245 4.889 0.906

Emergent CABG 2(1.9) 0(0.0) 0.207 0.114 - - - -

TIMI major bleeding 3(2.9) 5(4.0) 0.730 0.666 1.368 0.327 5.726 0.668

TIMI minor bleeding 4(3.9) 7(5.7) 0.528 0.551 1.449 0.424 4.949 0.554

Acute kidney injury 3(2.9) 6(4.8) 0.515 0.466 1.662 0.416 6.643 0.473

VT/VF 9(8.7) 12(9.7) 0.790 0.804 1.113 0.469 2.641 0.809

Propensity Score Matching

IRA-Only PCI No. (%) Multivessel PCI No. (%) p-value Log rank P-value HR 95.0% CI p-value

(n = 86) (n = 86) Lower Upper

Cardiogenic shock 12(14.0) 9(10.5) 0.648 0.486 0.747 0.315 1.773 0.509

Newly developed heart failure 16(18.6) 24(27.9) 0.201 0.151 1.510 0.802 2.843 0.201

Stent thrombosis 1(1.2) 0(0.0) >0.999 0.317 - - - -

Recurrent myocardial infarction 1(1.2) 0(0.0) >0.999 0.317 - - - -

Cerebral infarction 0(0.0) 1(1.2) >0.999 0.326 - - - -

ICH 2(2.3) 3(3.5) >0.999 0.669 1.474 0.246 8.824 0.671

Emergent CABG 2(2.3) 0(0.0) 0.500 0.146 - - - -

TIMI major bleeding 2(2.3) 3(3.5) >0.999 0.669 1.474 0.246 8.824 0.671

TIMI minor bleeding 3(3.5) 5(5.8) 0.727 0.505 1.617 0.386 6.765 0.511

Acute kidney injury 2(2.3) 2(2.3) >0.999 0.993 0.991 0.140 7.034 0.993

VT/VF 7(8.1) 5(5.8) 0.754 0.539 0.704 0.223 2.218 0.549

Data are presented as n (%).

Abbreviations: PCI, percutaneous coronary intervention; CI, confidence interval; HR, hazard ratio.

ICH,intracranial hemorrhage; CABG, coronary artery bypass grafting; TIMI, thrombolysis in myocardial infarction; VT, ventricular tachycardia; VF, ventricular

fibrillation.

https://doi.org/10.1371/journal.pone.0258525.t003
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Subgroup analysis

Prespecified subgroup analyses (Fig 4) revealed that the MV-PCI group consistently had a sig-

nificantly lower risk of MACEs than the IRA-only PCI group across almost all subgroups with-

out significant interactions except with the presence of a complex lesion (type B2/C lesion), for

which a trend toward a revascularization strategy-by-subgroup interaction was found. Among

patients with complex lesion profiles, the MV-PCI group had a significantly lower risk of

MACEs than the IRA-only PCI group (HR (95% CI): 0.469(0.284–0.773)). However, among

patients without complex lesion profiles, a more favorable effect of the MV-PCI strategy than

the IRA-only strategy was not observed (HR (95% CI): 1.824(0.474–7.001)) (P = 0.04 for inter-

action), implying that IRA-only PCI could be better in patients with relatively simple coronary

lesions. Notably, the beneficial effect of the MV-PCI strategy was observed irrespective of age,

sex, CKD severity, diabetes status, target vessel, number of diseased vessels, approach site

(transfemoral or transradial), the presence of cardiogenic shock, or the use of mechanical sup-

port devices.

Discussion

In this study, we evaluate the 3-year clinical outcomes between MV-PCI and IRA-only PCI in

patients with NSTEMI and MVD accompanied by severe LVSD. The principal findings of this

study can be summarized as follows. First, MVD is prevalent in patients with NSTEMI and

severe LVSD and MV-PCI is associated with a lower long-term risk of MACEs than the IRA-

only PCI. This result was driven by a significantly lower risk of all-cause mortality in the

MV-PCI group, mainly due to a lower incidence of cardiac death in the MV-PCI group. These

findings were consistently observed in multiple sensitivity analyses with adjustment for base-

line differences. Second, MV-PCI also yielded comparable in-hospital clinical outcomes and

complications to the IRA-only PCI strategy. Third, the beneficial effect of the MV-PCI strategy

was observed 1 month after the index hospitalization and persisted for 3 years. Fourth, a signif-

icantly lower risk of MACEs in the MV-PCI group than in the IRA-only PCI group was consis-

tently observed across various subgroups without significant interactions.

Table 4. Three-year primary and secondary clinical outcomes stratified by revascularization strategy.

IRA-Only PCI Multivessel PCI Unadjusted Multivariable Adjusted Propensity Score Matched IPTW-Adjusted

(n = 104) (n = 124) HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Primary outcomes

MACE 57(54.8) 44(35.5) 0.56(0.38–0.83) 0.004 0.52(0.34–0.79) 0.002 0.54(0.34–0.87) 0.010 0.60(0.45–0.80) 0.001

All-cause death 43(41.4) 29(23.4) 0.50(0.31–0.81) 0.004 0.49(0.30–0.81) 0.005 0.53(0.30–0.93) 0.027 0.54(0.39–0.76) <0.001

Any MI 9(8.7) 9(7.3) 0.76(0.30–1.91) 0.553 0.47(0.17–1.34) 0.159 0.30(0.08–1.12) 0.074 0.74(0.37–1.49) 0.398

Stroke 1(1.0) 1(0.8) 0.81(0.05–12.92) 0.880 1.48(0.08–26.66) 0.790 0.97(0.06–15.56) 0.985 1.31(0.21–8.13) 0.774

Any revascularization 17(16.4) 17(13.7) 0.73(0.37–1.43) 0.355 0.71(0.35–1.43) 0.336 0.61(0.28–1.31) 0.201 0.81(0.49–1.34) 0.411

Secondary outcomes

Cardiac death 32(30.8) 18(14.5) 0.43(0.24–0.76) 0.004 0.38(0.21–0.70) 0.002 0.29(0.13–0.64) 0.002 0.40(0.26–0.61) <0.001

Non-IRA revascularization 5(4.8) 7(5.7) 1.01(0.32–3.18) 0.986 1.34(0.41–4.40) 0.631 1.13(0.08–1.12) 0.861 1.32(0.57–3.05) 0.513

Any rehospitalization 13(12.5) 21(16.9) 1.30(0.65–2.60) 0.459 1.24(0.60–2.57) 0.569 1.06(0.43–2.61) 0.899 1.48(0.89–2.47) 0.131

Data are presented as n (%).

Abbreviations: IPTW, inverse probability of treatment weighting; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event; MI, myocardial

infarction; IRA, infarct-related artery.

https://doi.org/10.1371/journal.pone.0258525.t004
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Potential benefits of the MV-PCI strategy for patients with NSTEMI and

severe LVSD

The 2014 American College of Cardiology Foundation/American Heart Association guidelines

gives a class IIb recommendation for PCI in NSTEMI patients but no PCI recommendations

for patients with severe LVSD [13]. Additionally, the latest 2020 ESC Acute Coronary Syn-

dromes (ACS) in Patients Presenting without Persistent ST-Segment Elevation (Management

of) Guidelines recommend complete revascularization in non-ST-elevation acute coronary

syndrome (NSTE-ACS) patients without cardiogenic shock and with MV coronary artery dis-

ease (CAD) but offer no recommendations for patients with severe LVSD [12]. Until now,

there has been a lack of randomized trials and recommendations regarding the optimal revas-

cularization strategies in NSTEMI patients with severe LVSD. The identification of the IRA

can be more challenging in patients with NSTEMI than in those with STEMI because the for-

mer patients are more likely to present with either MV CAD or insignificant CAD [21]. In

patients with NSTEMI and LVSD, the use of the IRA-only PCI strategy could mean that culprit

lesions are left untreated more often than when MV-PCI strategy is used. Revascularization

provides more substantial benefits with regard to improving survival and quality of life, partic-

ularly in patients with more extensive MVD and the most severe phase of LVSD [22], regard-

less of whether viable myocardium is present [23, 24]. Additionally, revascularization may

provide long-term benefits even without contractile recovery by preventing further LVSD

decline, recurrent MIs, lethal ventricular arrhythmias, progressive left ventricular (LV)

Fig 2. Three-year cumulative incidence of primary outcomes and individual components in propensity-matched population. Kaplan-Meier curves

for (A) MACEs, (B) all-cause mortality, (C) any MI, and (D) any revascularization according to the PCI strategy are shown. MACEs, major adverse

cardiac events; MI, myocardial infarction; PCI, percutaneous coronary intervention.

https://doi.org/10.1371/journal.pone.0258525.g002
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dilation, and sudden cardiac death [24]. For the reasons mentioned above, untreated culprit

lesions are responsible for future cardiac events and worse prognosis despite medical treat-

ment. Another critical issue is the timing of revascularization. In patients with NSTEMI and

high-risk features such as severe LVSD, early revascularization is associated with an improved

LVEF and a favorable prognosis, whereas delayed revascularization in these patients is associ-

ated with worse outcomes [6, 25]. Although the clinical outcome, according to the timing of

revascularization, was not the main focus of this study, all non-IRA PCIs were performed dur-

ing the index hospitalization. Therefore, our study provides important insights into the com-

parative effectiveness of the MV-PCI strategy and the IRA-only PCI strategy in patients with

NSTEMI and MVD complicated by severe LVSD, which could help physicians choose the

optimal revascularization strategy in clinical practice.

Strengths and limitations of the study

There are several important implications of this study. First, to the best of our knowledge, this

is the first study to evaluate long-term clinical outcomes according to two different revasculari-

zation strategies, namely, IRA-only PCI and MV-PCI, in patients with NSTEMI and MVD

accompanied by severe LVSD. This study exclusively enrolled patients with NSTEMI present-

ing with severe LVSD who successfully underwent PCI with newer-generation DESs in tertiary

hospitals in Korea, reflecting “real world” clinical practice. Despite the small sample size, the

results of this study were based on significant clinical outcomes, such as MACEs, all-cause

Fig 3. Three-year cumulative incidence of MACEs (1-month landmark analysis) in a propensity score-matched population. Kaplan-Meier curves

with the 1-month landmark analysis of MACEs stratified by the PCI strategy are shown.

https://doi.org/10.1371/journal.pone.0258525.g003
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mortality, and cardiac death. As the current guidelines emphasize the importance of the indi-

vidualization of interventional strategies based on clinical status, comorbidities, and disease

severity in patients with NSTEMI and MVD [12, 13, 18], the present study provides evidence

regarding the optimal revascularization strategy in high-risk NSTEMI patients. Second, we

found similar in-hospital outcomes and complication rates between the IRA-only PCI and

MV PCI groups but better long-term clinical outcomes with the MV-PCI strategy than with

the IRA-only PCI strategy, although patients in the study population had a higher risk than

those in the previous BCIS study [9]. In the BCIS registry [9], the MV-PCI strategy was associ-

ated with an increased risk of in-hospital morbidity and mortality despite being associated

with a lower long-term mortality rate than the IRA-only PCI strategy. Additionally, severe

LVSD was a strong predictor of mortality, as shown in the subgroup analysis. However, the

results should be interpreted with caution as the number of patients with severe LVSD was rel-

atively small (5.6%), and the baseline clinical, lesional, and procedural characteristics of the

patients were different from those of our study population (among the patients included in

this study, 61.8% had hypertension, 53.1% had diabetes, 53.1% had CKD, and 100% had severe

LVSD; in contrast, the study population in the BCIS study [9] was composed of 57.7% hyper-

tensive patients, 34.5% diabetic patients, 6.3% CKD patients, and 5.6% severe LVSD patients).

Compared with the BCIS study [9], this study population exclusively included patients who

underwent successful PCI (100% vs. 92.1%), had a higher prevalence of DES implantation

Fig 4. Exploratory subgroup analysis of MACEs. Prespecified subgroup analysis revealed consistent results across all the subgroups except for with

regard to the complexity of the lesion profile. The beneficial effect of MV-PCI on the risk of MACEs was observed in only patients with complex

coronary anatomy (Type B2/C lesion). HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus; GFR, glomerular filtration rate; LAD, left

anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery; BMS, bare-metal stent; DES, drug-eluting stent.

https://doi.org/10.1371/journal.pone.0258525.g004
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(96.5% vs. 76.6%), were more likely to receive intravascular ultrasound (IVUS)-guided PCI

(21.1% vs. 2.9%) and were more likely to undergo PCI via the transradial approach (64.9% vs.

29.8%). Therefore, the use of these newer-generation DESs, transradial approaches and IVUS-

guided PCI possibly resulted in similar in-hospital outcomes between the IRA-only PCI and

MV-PCI groups while maintaining the beneficial long-term effect of the MV-PCI strategy.

Third, the beneficial effect of the MV-PCI strategy was observed across almost all subgroups of

the study population regardless of age, sex, CAD extent, CKD severity, diabetes status, the

presence of cardiogenic shock, and the use of mechanical support devices. MV CAD patients

with severe LVSD tend to have relatively more comorbidities (e.g., older age, CKD, and diabe-

tes), and more diffuse and complex CAD; however, data comparing different PCI strategies in

the various subgroups of these populations are scarce. The exploratory finding in this study

might imply that if revascularization was successfully done with the MV-PCI strategy, favor-

able outcomes might be achieved irrespective of age, patient comorbidities, extent and severity

of CAD, and initial clinical presentation.

This study has some limitations. First, our results were derived from a subanalysis of a

nationwide, observational, and all-comer AMI registry, including patients with or without car-

diogenic shock and a relatively small sample size. These characteristics may have affected the

internal and external validity of this study. Additionally, our analysis was underpowered to

detect a clinically significant difference in the outcomes; nonsignificant findings may have

been significant in a larger cohort of patients. However, we performed several sensitivity analy-

ses to minimize the effect of the possible confounders of different baseline characteristics. A

larger clinical study could improve the internal validity of the study. Second, although cardio-

genic shock occurred in 14% of the patients in the IRA-only group and 10.5% in the MV-PCI

group in the propensity score-matched analysis, which was not a statistically significant differ-

ence (and despite the neutral results of the 1-month landmark analysis), this difference in the

rate of cardiogenic shock may have impacted the clinical outcomes. In the subgroup analysis,

MV-PCI was beneficial in patients with or without cardiogenic shock. Nevertheless, our study

results cannot be applied to patients with NSTEMI and cardiogenic shock because only a few

cardiogenic shock patients were included. Third, in this study, only 22% of the patients under-

went IVUS- or optical coherence tomography (OCT)-guided PCI. Although the routine use of

intravascular imaging is not currently recommended, these intracoronary imaging modalities

help interventional cardiologists optimize stent implantation, improve clinical outcomes, and

reduce periprocedural complications. Fourth, we performed an angiographic evaluation of the

lesion severity in the non-IRA. Fractional flow reserve or myocardial perfusion imaging may

help assess the nonculprit artery and avoid unnecessary procedures associated with increased

in-hospital complications and costs. Fifth, the critical issue of the timing of non-IRA PCI was

not addressed in this study due to the small number of MV-PCI patients. However, all non-

IRA PCI procedures were done before discharge. Sixth, we could not determine the effect of

complete revascularization in this study because only 60.5% of the MV-PCI group achieved

complete revascularization. Seventh, in this study, study population performed PCI rather

than CABG even though about a half of study patients were younger (43.4% of patients were

�70 years old), had the three-vessel disease (46.1% of patients), and had diabetes (53.1% of

patients), who might be a possible candidate for CABG. In the KAMIR-NIH registry, the

choice of revascularization strategy (CABG vs. PCI) was left only to the discretion of the

attending physician. Unfortunately, we did not collect any information on the revasculariza-

tion strategy decision process. Currently, there is no guideline of optimal revascularization

strategy (CABG vs. PCI) in patients with NSTEMI and MVD presenting with severe LVSD.

Further study will be needed to examine the outcomes depending on revascularization strategy

(CABG vs. PCI) in these populations. Eighth, the presence of CTO (chronic total occlusions)
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in patients with NSTEMI and MVD is known to associate with worse short-term and long-

term prognoses [26]. Unfortunately, data on the presence and attempted revascularization of

CTO are not available in the KAMIR-NIH registry. However, we only included patients who

had successful PCI to minimize the effect of CTO PCI on the present study outcomes. Finally,

the KAMIR-NIH registry does not fully capture information about various heart failure (HF)

medications (such as aldosterone antagonists, ivabradine, isosorbide dinitrate, hydralazine,

and diuretic agents) and HF-related device therapies (such as implantable cardioverter defi-

brillator, cardiac resynchronization therapy). But as shown in S4 Table, over 90% of our study

patients received antiplatelet and statin at discharge. Furthermore, a majority (over 70%) of

this study population was taking guideline-directed medical therapy (GDMT) (which includes

antiplatelet agents, statin, beta-blocker, ACE inhibitor/ARB) at discharge and successively

maintained the usage of GDMT for 3 years following PCI, including statin (93.1%), beta-

blockers (78.5%), ACE inhibitor/ARB (67.7%) and aspirin (76.9%), representing optimal

GDMT adherence.

Conclusions

In this prospective, observational, multicenter registry study, including patients with NSTEMI

and MVD with severe LVSD, MV-PCI yielded better clinical outcomes than IRA-only PCI

with respect to 3-year MACEs. Additionally, the MV-PCI strategy resulted in in-hospital out-

comes comparable to those associated with the IRA-only PCI strategy. This study suggests to

physicians that the MV-PCI strategy may be beneficial in NSTEMI patients with MVD and

severe LVSD. Nevertheless, large-scale, more rigorous observational studies and randomized

trials are needed to determine the optimal revascularization strategy in NSTEMI patients with-

out cardiogenic shock.
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