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Abstract

Background: The optimal revascularization approach for patients with multivessel coronary 

artery disease (MVCAD) is controversial. We sought to investigate outcomes in patients 

undergoing coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI) 

for non-ST elevation myocardial infarction (NSTEMI).

Methods: Adult patients with MVCAD and NSTEMI undergoing either CABG or PCI at a single 

institution between 2011 and 2018 were included. Multivariable analysis was utilized to determine 

independent predictors of death, major adverse cardiac and cerebrovascular events (MACCE), and 

readmissions. A subanalysis examined patients undergoing complete revascularization.

Results: A total of 2001 patients were included, of whom 1480 (74.0%) underwent CABG. 

CABG was associated with a lower risk-adjusted hazard for death (hazard ratio, 0.59, P < .001) 

and with improved survival at 1 year (92.0 vs 81.8%, P < .001) and 5 years (80.7 vs 63.3%, P 
< .001). Additionally, freedom from MACCE (P < .001) was greater in the CABG group and 

cumulative readmission, rates of MI, and rates of repeat revascularization were lower with CABG 

(each P < .001). Among patients undergoing complete revascularization, overall survival (1 year: 

92.7 vs 83.9%, P = .010; 5 years: 81.1 vs 69.4%, P < .001) and freedom from MACCE (1 year: 

92.3 vs 75.2%, P < .001; 5 years: 81.7 vs 61.4%, P < .001) remained higher for the CABG group; 

cumulative incidence of readmission was also decreased in those undergoing CABG (P < .001).
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Conclusions: In this real-world analysis of patients with MVCAD presenting with NSTEMI, 

revascularization with CABG resulted in improved survival with lower rates of MACCE and 

readmission as compared to PCI, which persisted when accounting for complete revascularization.
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1 | INTRODUCTION

Optimal revascularization approaches for patients with multivessel coronary artery disease 

(MVCAD) remain controversial despite multiple randomized trials and retrospective 

series.1–5 Indeed, many of the prior randomized clinical trials comparing coronary artery 

bypass grafting (CABG) and percutaneous coronary intervention (PCI) for MVCAD have 

analyzed specific subsets of patients thus making the generalizability of the results to 

real-world clinical practice questionable. For example, several recent trials have frequently 

excluded patients with MVCAD who present with non-ST elevation myocardial infarction 

(NSTEMI). NSTEMI is one of the most common presentations of the acute coronary 

syndrome and, furthermore, rates of multivessel disease among patients with NSTEMI are 

greater than 50%.6 There has been some investigation into the relative risks and benefits 

of revascularization of the culprit lesion as compared to complete revascularization in 

NSTEMI with MVCAD.7 Nevertheless, there is limited data regarding real-world outcomes 

of surgical vs percutaneous revascularization in the setting of MVCAD and NSTEMI. The 

aim of this study was to compare mortality, adverse events, and readmission rates among 

patients with MVCAD and NSTEMI undergoing either PCI or CABG.

2 | METHODS

2.1 | Data source

The University of Pittsburgh Medical Center is a large, multicenter health system. This 

study utilized institutionally-derived data from the Society of Thoracic Surgeons (STS) adult 

cardiac database and the National Cardiovascular Data Registry (NCDR) from five hospitals 

to capture patients undergoing PCI and CABG. These data were then supplemented with 

longitudinal data from the electronic health record. This study was approved by the 

Institutional Review Board at the University of Pittsburgh.

2.2 | Study population

Adults (≥18 years old) with NSTEMI and MVCAD who underwent PCI or CABG between 

2011 and 2018 were included. The criteria utilized to define MVCAD included three-vessel 

CAD (defined by the presence of 70% or greater stenosis in the left anterior descending, 

left circumflex, and right coronary arteries), left main coronary artery stenosis of at 

least 50%, or two-vessel stenosis of at least 70% in two of the major coronary arteries 

including the proximal left anterior descending. NSTEMI diagnosis consisted of both of the 

following: (a) cardiac biomarkers (ie, troponin, creatine kinase-myocardial band) exceeding 

the upper limit of normal with a clinical presentation consistent with or suggestive of 

cardiac ischemia and (b) absence of electrocardiogram changes diagnostic of a STEMI. 
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Complete revascularization was defined as revascularization of all significantly stenosed (ie, 

>70%) major epicardial vessels. Major adverse cardiac and cerebrovascular adverse events 

(MACCE) included the occurrence of all-cause mortality, myocardial infarction, stroke, 

or the need for any repeat revascularization. Patients with a prior CABG, a nonisolated 

CABG (eg, combined procedures such as concomitant CABG and valve surgery), staged 

revascularization procedures, and a lack of follow-up were excluded.

2.3 | Outcomes

The primary outcome was overall survival following CABG or PCI. Secondary outcomes 

included freedom from MACCE and readmissions. A subanalysis was conducted to examine 

survival, freedom from MACCE, and readmissions specifically in patients who underwent 

complete revascularization.

2.4 | Statistical analysis

Demographic and clinical characteristics are presented as frequency (percentage) for 

categorical variables and mean ± standard deviation for Gaussian continuous variables or 

median (interquartile range [IQR]) for non-Gaussian continuous variables. Normality was 

checked with the Kolmogorov-Smirnov test. The χ2 test or the Fisher exact test was utilized 

for categorical variables and continuous variables were analyzed with the Student t test 

if normally distributed and the Mann Whitney U test if non-Gaussian. Cox proportional 

hazards models were constructed to determine independent predictors of survival and 

MACCE. A total time-restricted model was utilized to determine independent predictors 

of multiple readmissions. Kaplan-Meier estimates were used to compare overall survival and 

freedom from MACCE in the CABG and PCI groups. Cumulative rates of readmission were 

also modeled.

3 | RESULTS

3.1 | Characteristics of the study population

A total of 2001 patients (median age, 68 years; 31.7% female) with MVCAD and NSTEMI 

were included in the analysis (Table 1). A greater proportion underwent CABG (n = 1480, 

74.0%) as compared to PCI (n = 521, 26.0%). Patients undergoing CABG were less likely 

to have a diagnosis of heart failure (10.4 vs 15.9%, P = .001) and were less likely to have 

had a prior PCI (23.6 vs 31.5%, P < .001). Additionally, patients undergoing CABG had a 

greater percentage of three-vessel disease (77.7 vs 59.3%, P < .001) and were more likely to 

undergo complete revascularization (81.0 vs 28.6%, P < .001).

3.2 | Survival analysis

The overall median time of follow-up was 3.6 years (IQR, 2.3–5.4 years). A multivariable 

model for survival among patients with NSTEMI undergoing revascularization demonstrated 

that increasing creatinine (hazard ratio [HR], 1.17; 95% confidence interval [CI], 1.08–1.27; 

P < .001), older age (HR, 1.04; 95% CI, 1.03–1.05; P < .001) and comorbidities including 

cerebrovascular disease (HR, 1.47; 95% CI, 1.20–1.81; P < .001), end-stage renal disease 

(HR, 1.89; 95% CI, 1.15–3.12; P = .013), and diabetes (HR 1.45; 95% CI, 1.19–1.77; P < 

.001) were all associated with increased hazards for death (Table 2). Additionally, CABG 
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was associated with a lower hazard for death (HR, 0.59; 95% CI, 0.46–0.76; P < .001) when 

compared to PCI. Overall survival was higher at 1 year (92.0 vs 81.8%; P < .001) and 5 

years (80.7 vs 63.3%, P < .001) in patients undergoing CABG as compared to PCI (Figure 

1).

3.3 | Secondary outcomes

Analysis of adverse events revealed greater freedom from MACCE in the CABG group at 1 

year (91.5 vs 75.8%, P < .001) and 5 years (81.1 vs 60.0%, P < .001) (Figure 2). Rates of MI 

(1.8 vs 7.5%, P < .001) and need for repeat revascularization (2.2 vs 6.5%, P < .001) were 

significantly lower in the CABG group; there was no significant difference in the rate of 

stroke (0.8% in CABG vs 1.2% in PCI, P = .479). A Cox model was constructed to explore 

the adjusted hazards for MACCE (Table S1). CABG was associated with a lower adjusted 

hazard for MACCE (HR, 0.43; 95% CI, 0.35–0.52; P < .001) when compared to PCI. Older 

age (HR, 1.03; 95% CI, 1.02–1.04; P < .001), increasing creatinine (HR, 1.17; 95% CI, 

1.08–1.26; P < .001), and comorbidities including cerebrovascular disease (HR, 1.31; 95% 

CI, 1.07–1.60; P = .009), end-stage renal disease (HR, 1.86; 95% CI, 1.15–3.01; P = .012), 

and diabetes (HR, 1.48; 95% CI, 1.22–1.80; P < .001) were all significantly associated with 

MACCE.

A total time-restricted model for multiple readmissions demonstrated a lower adjusted 

hazard ratio for readmission in patients undergoing CABG (HR, 0.69; 95% CI, 0.53–

0.89; P = .004) as well as a lower hazard for readmission in those undergoing complete 

revascularization (HR, 0.74; 95% CI, 0.63–0.87; P < .001). Additionally, older age (HR, 

1.01; 95% CI, 1.01–1.02; P < .001), lower ejection fraction (HR, 0.99; 95% CI, 0.99–1.00; 

P = .016), and comorbidities including heart failure (HR, 1.28; 95% CI, 1.08–1.52; P = 

.004), diabetes (HR, 1.35, 95% CI, 1.18–1.54, P < .001), and end-stage renal disease (HR, 

1.61, 95% CI, 1.13–2.30, P = .008) were associated with increased hazards for multiple 

readmissions. The cumulative incidence of readmission was significantly lower in patients 

undergoing CABG (P < .001) (Figure 3).

3.4 | Analysis of patients undergoing complete revascularization

We performed a subanalysis of the 149 PCI patients and 1199 CABG patients who 

underwent complete revascularization. Overall survival was significantly higher in the 

CABG group at 1 year (92.7 vs 83.9%, P = .01) and 5 years (81.1 vs 69.4%, P < .001) 

(Figure S1). Additionally, freedom from MACCE was higher in patients undergoing CABG 

at 1 year (92.3 vs 75.2%, P < .001) and 5 years (81.7 vs 61.4%, P < .001) (Figure S2). 

By univariate analysis, rates of myocardial infarction (1.9 vs 7.4%, P < .001) and repeat 

revascularization (2.4 vs 8.7%, P < .001) were significantly lower in the CABG group; there 

was no significant difference between CABG and PCI in the rate of stroke (0.9 vs 0%, P = 

.240). Cumulative incidence of readmission was significantly lower in patients undergoing 

CABG vs PCI with complete revascularization (P < .001) (Figure S3).
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4 | CONCLUSIONS

The optimal revascularization strategy for patients with MVCAD and NSTEMI remains 

controversial, with most comparative trials specifically excluding this patient subset. Since 

the majority of NSTEMI patients have multivessel disease, treatment and timing are 

critical components to ensure favorable patient outcomes.6 In this study, we demonstrated 

improved survival and freedom from MACCE along with lower readmission rates in 

patients undergoing CABG as compared to PCI. In particular, rates of MI and repeat 

revascularization were significantly lower among patients undergoing CABG, with no 

significant differences in stroke rates. Additionally, given the widely discrepant rates of 

complete revascularization in the groups, a subanalysis of only those patients undergoing 

complete revascularization was conducted and demonstrated that outcomes including 

mortality, freedom from MACCE, and readmission rates consistently favored CABG. 

This real-world analysis of patients with MVCAD presenting with NSTEMI is, therefore, 

supportive of revascularization with CABG in this setting.

Survival following NSTEMI has improved significantly over the years and this has been 

attributed to more aggressive revascularization approaches.8 Although STEMI has been 

associated with greater mortality, NSTEMI patients are typically older and have more 

extensive coronary artery disease.9 Mortality rates among elderly NSTEMI patients have 

been quoted at around 24% at 1 year with rates of up to 45.5% among nonagenarians.10,11 

We similarly found age to be an independent predictor of death. These study populations, 

however, included patients treated medically, which may be responsible for the elevated 

mortality rates compared to our 1-year mortality rates of 18.2% and 8.0% in the PCI 

and CABG groups, respectively. The survival benefit observed with CABG in our study 

may be attributable to these lower rates of MI and repeat revascularization. A recent 

meta-analysis corroborated these findings, demonstrating significant reductions in mortality, 

MI, and repeat revascularization with CABG.1 Interestingly, we also found that among 

NSTEMI patients, this survival benefit appears to be independent of the completeness of 

revascularization, as a subanalysis of our population again demonstrated improved outcomes 

with CABG.

Prior studies have compared strategies targeting only the culprit lesion vs complete 

revascularization in patients undergoing PCI. In all patients with MVCAD, complete 

revascularization of all significant lesions, as opposed to revascularization of the culprit 

lesion only, is associated with improved survival and lower rates of MI.4,12,13 This 

finding has also been described in patients with NSTEMI.7,14 Reflecting the superiority of 

addressing all significant lesions, the 2014 American Heart Association (AHA) Guidelines 

for patients with NSTEMI suggest multivessel PCI over culprit lesion-only PCI as a 

class IIb recommendation.15 Interestingly, in our analysis complete revascularization was 

achieved in nearly threefold more CABG patients as compared to PCI. Further, CABG 

was associated with a 57% reduction in MACCE after adjustment for relevant covariates 

and, moreover, rates of MI and repeat revascularization were significantly higher among 

the PCI group. Although these findings suggest a potential difference in the durability of 

treatment and patency rates, the occurrence of subclinical stenoses or occlusions is unable 

to be captured as patients in this series did not undergo routine follow-up angiography. The 
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timing of revascularization is another important factor in treating NSTEMI. Prior studies 

have demonstrated no difference in mortality and outcomes noted between procedures 

performed within 24 hours of NSTEMI presentation compared to those performed after 

3 days, although in patients with significantly elevated troponin levels there may be a benefit 

to waiting for troponin normalization.16,17 As it relates to CABG, this benefit stems from the 

belief some surgeons have that a short time interval between MI and surgical intervention 

results in a higher likelihood that the heart will be less apt to tolerate cardiopulmonary 

bypass and aortic cross-clamping, or in cases of off-pump CABG, less likely to tolerate 

hemodynamic fluctuations and manipulation. A recent study from our center demonstrated 

no difference in outcomes in those undergoing CABG within 24 hours vs after 24 hours 

following a MI.18

Readmission rates were also notable in this patient population with over 50% of PCI 

patients being readmitted within 5 years; rates in the CABG population, although lower, 

still approached 40%. Hospital readmissions and their associated costs are increasingly 

scrutinized in today’s healthcare landscape. Nonetheless, costs accumulated during 

readmission are only a component of overall costs with a substantial portion related to the 

index hospitalization. A cost analysis of PCI vs CABG for MVCAD demonstrated higher 

index hospitalization costs as well as cumulative costs over 5 years for CABG, despite lower 

rates of MACCE.19 Another study of diabetic patients with MVCAD similarly demonstrated 

higher costs with CABG up to 5-year follow-up, although the authors projected that during 

the lifetime of a patient CABG would be economically attractive relative to PCI with 

substantial gains in life expectancy, quality-adjusted life expectancy, and incremental cost-

effectiveness ratios.20

An important implication of this real-world analysis is that a multidisciplinary heart 

team approach should be considered in cases of MVCAD with NSTEMI. Our group 

has previously demonstrated the utility of a multidisciplinary revascularization heart team 

as a means to support and validate clinical decisions in an individual patient-centered 

approach.21 In fact, joint guidelines from the American College of Cardiology and the AHA 

provide a class I recommendation for a heart team approach to revascularization in patients 

with complex MVCAD.22

This study has several limitations. Due to the retrospective nature of the study design, 

we were unable to account for all factors contributing to decision-making regarding 

revascularization approach for each individual patient. We also could not capture which 

patients were discussed in a multidisciplinary heart team. Potentially confounding factors 

that were not included in the analysis include patient preference, target vessel size and 

quality, and frailty. Finally, we did not capture any readmissions that occurred outside of 

our health system, although prior internal quality control analyses from our group have 

determined that more than 90% of patients that are readmitted are readmitted within our 

multihospital regional network.

In conclusion, we demonstrate improved outcomes including survival, MACCE, and 

readmissions among patients with MVCAD and NSTEMI undergoing CABG as their 

revascularization approach. These findings persist when evaluating only patients with 

Huckaby et al. Page 6

J Card Surg. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



complete revascularization. Continued evaluation of the best revascularization strategy for 

NSTEMI in MVCAD will need to be assessed in future randomized trials. In addition, 

the concept of individualized patient-centered therapy remains essential. Collectively taken 

together, these factors in conjunction with the outcomes reported in this real-world analysis 

are supportive of multidisciplinary discussions regarding the best revascularization therapy 

for patients with MVCAD and NSTEMI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Kaplan-Meier analysis of overall survival following non-ST elevation myocardial infarction 

(NSTEMI) in patients undergoing percutaneous coronary intervention (PCI) or coronary 

artery bypass grafting (CABG)
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FIGURE 2. 
Freedom from major adverse cardiac and cerebrovascular events (MACCE) following non-

ST elevation myocardial infarction (NSTEMI) in patients undergoing percutaneous coronary 

intervention (PCI) or coronary artery bypass grafting (CABG)
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FIGURE 3. 
Cumulative incidence of readmission following non-ST elevation myocardial infarction 

(NSTEMI) in patients undergoing percutaneous coronary intervention (PCI) or coronary 

artery bypass grafting (CABG)
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TABLE 2

Cox proportional hazards model for death in patients with non-ST elevation myocardial infarction (NSTEMI) 

undergoing either percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG)

Hazard ratio 95% Confidence interval P value

CABG (in reference to PCI) 0.59 0.46–0.76 <.001

Age, y 1.04 1.03–1.05 <.001

Left ventricular ejection fraction 0.98 0.97–0.99 <.001

Creatinine 1.17 1.08–1.27 <.001

Chronic lung disease 1.64 1.32–2.04 <.001

Cerebrovascular disease 1.47 1.20–1.81 <.001

End-stage renal disease 1.89 1.15–3.12 .013

Diabetes 1.45 1.19–1.77 <.001

Cancer 1.71 1.36–2.15 <.001

Peripheral artery disease 1.43 1.15–1.77 .001

Note: Variables included in the model but not significant: prior PCI, smoking, race, hyperlipidemia, prior MI, body mass index, body surface area, 
completeness of revascularization, number of diseased vessels, liver disease, hypertension, heart failure.
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TABLE 3

Total time-restricted model for multiple readmissions in patients with non-ST elevation myocardial infarction 

(NSTEMI) undergoing either percutaneous coronary intervention (PCI) or coronary artery bypass graft 

(CABG)

Hazard ratio 95% Confidence interval P value

CABG (in reference to PCI) 0.69 0.53–0.89 .004

Complete revascularization 0.74 0.63–0.87 <.001

Age, y 1.01 1.01–1.02 <.001

Left ventricular ejection fraction 0.99 0.99–1.00 .016

Creatinine 1.11 1.05–1.17 .001

Heart failure 1.28 1.08–1.52 .004

Cerebrovascular disease 1.21 1.06–1.39 .006

Peripheral artery disease 1.30 1.13–1.51 .000

Current smoker 1.22 1.04–1.42 .013

Diabetes 1.35 1.18–1.54 <.001

End-stage renal disease 1.61 1.13–2.30 .008

Cancer 1.50 1.27–1.76 <.001

Note: Variables included in the model but not significant: sex, number of diseased vessels, liver disease, hypertension, hyperlipidemia, chronic lung 
disease, prior MI, body mass index, body surface area.
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