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D25X XHenrique Mesquita Gabriel, D26X XMDa, D27X XTiago Nolasco, D28X XMDb, D29X XS�ergio Boshoff, D30X XMDb, D31X XMarta Marques, D32X XMDb,

D33X XLu�ıs Bruges, D34X XMDb, D35X XJos�e Calquinha, D36X XMDb, D37X XMiguel Sousa-Uva, D38X XMD, PhDb, D39X XMiguel Abecasis, D40X XMDb,
D41X XManuel Almeida, D42X XMDa, D43X XJos�e Pedro Neves, D44X XMDb, and D45X XMiguel Mendes, D46X XMDa
nt o

ent

usc

cep

s of

ndin

res

018

10.
Current recommendations on the optimal revascularization strategy in Non−ST-elevation
myocardial infarction (NSTEMI) with left main (LM) or multivessel coronary disease
(MVD) are based upon randomized clinical trials conducted in stable coronary artery dis-
ease. In a real-world contemporary observational registry, we compared the long-term out-
come of NSTEMI patients with LM/MVD (n = 1,104) submitted to coronary artery bypass
grafting (CABG), percutaneous coronary intervention (PCI), or optimized medical therapy
(OMT). The primary end point was 5-year all-cause mortality. Results were assessed in the
entire population (CABG 289, PCI 399, and OMT 416) and in a propensity score-matched
cohort of CABG (n = 159) and PCI (n = 159). Crude 5-year mortality rates in CABG and
PCI were 25.3% versus 29.6%, respectively (unadjusted hazard ratio [HR] 1.2; 95% confi-
dence intervals [CI] 0.9 to 1.6; p = 0.212); OMT, however, was associated with a twofold
higher risk of mortality when compared with any revascularization strategy (unadjusted
HR 2.0; 95% CI 1.7 to 2.5; p < 0.001). After propensity score-matching and multivariate
analysis, there was a trend toward a higher incidence of the primary end point in patients
who underwent PCI versus CABG (31% vs 21%; adjusted HR 1.52; 95% CI 0.93 to 2.50;
p = 0.094). This was a consistent finding over subgroups deemed clinically relevant, such as
in patients with LM or proximal left anterior descending disease, SYNergy between
percutaneous coronary intervention with TAXus ≥23 and left ventricle ejection fraction
<40%. In conclusion, in a real-world cohort of NSTEMI patients with LM/MVD, those
selected for OMT had a dire outcome. Although adjusted 5-year mortality was statistically
similar between revascularization strategies, there was a trend favoring CABG, which
might be the preferred option in LM, proximal LAD, SYNergy between percutaneous
coronary intervention with TAXus ≥23, and left ventricle ejection fraction <40%
subgroups. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:717−724)
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Current recommendations1,2 for selecting the best revascu-
larization strategy in patients with left main (LM) or
multivessel disease (MVD) sustaining non−ST-elevation myo-
cardial infarction (NSTEMI) are based on the results of several
randomized clinical trials,3,4 which compared coronary artery
bypass grafting (CABG) against percutaneous coronary inter-
vention (PCI), mostly in patients with stable coronary disease.
No contemporary randomized clinical trial comparing CABG
with PCI in this important population subset has been per-
formed so far and previous studies of LM or MVD have
included a negligible fraction of NSTEMI patients (<10%).5−7

Similarly, data regarding patients with NSTEMI and LM or
MVD who are not amenable to revascularization due to severe/
diffuse coronary artery disease or severe co-morbidity is sparse.
We sought to evaluate the mid-to-long-term (5-year) all-cause
mortality in a real-world single-center prospective registry of
patients with NSTEMI and LM or MVD, according to baseline
treatment strategy (CABG, PCI, or optimized medical therapy
[OMT]). In addition, a propensity score (PS)-matched cohort of
CABG and PCI patients was derived to investigate further the
potential impact of different revascularization options on hard
clinical outcomes.
Methods

All patients presenting with an acute coronary syndrome
(ACS) at our institution and who underwent invasive coro-
nary angiography from January 2009 to December 2014
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(n = 5,379) were prospectively included in a dedicated regis-
try. From these, the population included in our analysis
(n = 1,104) was identified and selected considering the fol-
lowing exclusion criteria: (1) ST-elevation myocardial
infarction or unstable angina; (2) 1 vessel disease; (3) at least
moderate valvular disease; (4) patients submitted to hybrid
revascularization (CABG plus PCI); (5) patients lost to fol-
low-up (Figure 1). Patients in whom coronary angiography
was not performed are not represented in the present study.

According to local practice and guidelines—and after
diagnostic coronarography—the attending Invasive Cardi-
ologist would opt for angioplasty or Heart Team discussion,
in case of anatomically complex coronary artery disease or
when other clinical features are deemed relevant for the
decision. Subsequently, the team would decide for PCI,
CABG, or OMT alone, if patients were considered not ame-
nable to revascularization. There were no protocol-man-
dated recommendations for decision-making.

Clinical and anatomical variables were collected at the
time of diagnostic coronary angiography in a dedicated
cath lab-based electronic database (Cardiobase, Infortu-
cano, Lisbon, Portugal). Chronic renal disease was classi-
fied as follows: dialysis (regardless of serum creatinine
level); moderately impaired renal function (30 to 60 ml/
min/1.73 m2); and severely impaired renal function (<30
ml/min/1.73 m2). Severe pulmonary disease was considered
present if long-term bronchodilators or steroids were being
used for lung disease. The ischemic risk was assessed by
the GRACE ACS risk score.8 Left ventricle ejection frac-
tion (LVEF) was stratified according to the latest recom-
mendation9 into preserved EF (LVEF ≥50%), mid-range
EF (LVEF 40% to 49%) and reduced ejection fraction
(LVEF <40%).

A diseased epicardial vessel was defined as a major ves-
sel (LM, left anterior descending [LAD], left circumflex, or
right coronary artery, including its branches) containing 1
or more lesions with a visually estimated diameter stenosis
Figure 1. Study flowchart. ACS = acute coronary syndrome; CABG = coronary

NSTEMI = non−ST-elevation myocardial infarction; OMT = optimized medical

myocardial infarction.
>50%. MVD was defined as at least 2 diseased epicardial
coronary arteries. The anatomical coronary complexity was
evaluated according to the SYNergy between percutaneous
coronary intervention with TAXus (SYNTAX) score10 with
subsequent categorization into low, intermediate, and high
complexity (SYNTAX ≤22; 23 to 32; and ≥33 points,
respectively). The surgical risk was estimated by the Euro-
SCORE II.11 High, intermediate, and low surgical risk were
defined according to the following cutoffs: <2%, 2 to 5%,
and >5%, respectively.

Patients treated with PCI or OMT were discharged with
dual antiplatelet therapy except when atrial fibrillation was
present, in which case the antiplatelet regimen as well as its
duration were decided on an individual basis. The antiplate-
let strategy in patients treated with CABG was left at the
discretion of the Cardiac Surgeon. The use of b blockers
and angiotensin enzyme convertor inhibitors or angiotensin
II receptor blockers were tailored to the patients’ co-mor-
bidities and heart failure status.

The study primary end point was all-cause mortality.
Vital status and date of death was assessed by consulting
the Portuguese National Patient Registry. Patients were
censored at the time of the last known follow-up.

Normally and non-normally distributed variables were
expressed as mean § standard deviation and median (inter-
quartile range [IQR]), respectively. Differences between
groups were assessed using independent samples t test and
chi-square test for continuous and categorical variables,
respectively.

Given significant differences in preprocedural variables
between the CABG and PCI groups we performed a PS-
matching. The PS is a conditional probability of receiving a
treatment given a set of baseline-measured covariates.12

To make the 2 groups comparable, a PS was estimated by
multivariable logistic regression with PCI as dependent vari-
able and the following baseline characteristics as covariates/
independent variables: age, gender, body mass index,
artery bypass graft; LM = left main; MVD =multivessel coronary disease;

therapy; PCI = percutaneous coronary intervention; STEMI = ST-elevation
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hypertension, smoking, diabetes mellitus, dyslipidemia,
severe pulmonary disease, peripheral vascular disease, previ-
ous history of stroke/transient ischemic attack, previous his-
tory of myocardial infarction, previous history of PCI,
previous history of CABG, LVEF strata, creatinine clear-
ance, GRACE score and strata, SYNTAX score and strata,
number of disease vessels, LM, proximal LAD, 3-vessel dis-
ease, and EuroSCORE II and strata. Matching was per-
formed with the use of a 1:1 matching protocol without
replacement, with a caliper width equal to 0.01 of the stan-
dard deviation of the logit of the PS. Standardized differen-
ces were estimated for all the baseline covariates before and
after matching to assess prematch imbalance and postmatch
Table 1

Baseline clinical and angiographic characteristics of study cohort

Variable CABG (n = 289) PCI (n = 399)

Age (years) 69 (61−76) 69 (60−77)
Men 221 (77%) 283 (71%)

BMI (Kg/m2) 27.3 (24.5−30.1) 27.3 (24.8−29.8
Diabetes mellitus 117 (41%) 163 (41%)

Insulin-requiring 24 (8.3%) 39 (9.8%)

Hypertension 211 (73%) 321 (81%)

Dyslipidemia 166 (57%) 227 (57%)

Smoker 56 (19%) 91 (23%)

Previous MI 65 (23%) 119 (30%)

Previous PCI 37 (13%) 100 (25%)

Previous CABG 5 (1.7%) 59 (15%)

Previous stroke/TIA 25 (8.7%) 43 (11%)

Peripheral vascular disease 44 (15%) 62 (15%)

Severe pulmonary disease 42 (15%) 68 (17%)

SYNTAX score 22 (17−28) 16 (10−24)
Low (0−22) 156 (54%) 289 (72%)

Intermediate (23−32) 89 (31%) 67 (17%)

High (≥ 33) 44 (15%) 43 (11%)

GFR MDRD (mL/min/1.73 m2) 73.7 § 30.8 76.1 § 32.9

>60 194 (67%) 279 (70%)

30−60 75 (26%) 93 (23%)

<30 11 (3.8%) 13 (3.3%)

Dialysis 9 (3.1%) 14 (3.5%)

LVEF

≥50% 197 (68%) 280 (70%)

40−50% 36 (13%) 55 (14%)

<40% 56 (19%) 64 (16%)

Critical status 6 (2.1%) 13 (3.3%)

GRACE score 149 (126−170) 143 (122−170)
EuroSCORE II (%) 1.87 (1.17−2.98) 2.12 (1.14−4.35

Low risk 153 (53%) 192 (48%)

Intermediate risk 101 (35%) 119 (30%)

High risk 35 (12%) 88 (22%)

Number diseased vessels 3 (3−3) 3 (2−3)
LM 107 (37%) 52 (13%)

Proximal LAD 96 (53%) 119 (34%)

Three-vessel disease 137 (47%) 196 (49%)

Medication at discharge

Beta blockers 154 (53%) 194 (49%)

ACEi/ARB 154 (53%) 209 (52%)

Continuous values are presented as median (interquartile range) or mean § stan

Bold represent statistically significant p values.

Abbreviations: ACEi/ARB = angiotensin enzyme convertor inhibitors or angiote

bypass grafting; Cr = creatinine; GFR = glomerular filtration rate; LAD = left ante

MDRD=Modification of Diet in Renal Disease; MI =myocardial infarction; PCI =
balance. Standardized differences of less than 10% for a
given covariate indicate a relatively small imbalance.

In the matched cohort, paired comparisons were per-
formed with the use of McNemar’s test for binary variables
and a paired Student’s t test or paired-sample test for contin-
uous variables. The comparative risk of all-cause mortality
was further adjusted for in the matched cohort with the use
of a Cox proportional hazards regression model. Kaplan
−Meier curves were used to report all-cause mortality over
time. Differences in the survival curves of both PCI and
CABG groups were assessed with the log-rank test.

Prespecified subgroup analyses were performed based on
2 types of characteristics. Anatomical subgroups were based
OMT (n = 416) p value

(CABG vs PCI)

p value

(OMT vs others)

74 (65−80) 0.514 <0.001
279 (67%) 0.105 0.028

) 26.7 (24.2−29.4) 0.770 0.007

209 (50%) 0.923 0.002

45 (10.8%) 0.509 0.368

364 (88%) 0.021 <0.001
266 (64%) 0.886 0.025

59 (14%) 0.279 0.003

164 (39%) 0.032 <0.001
100 (24%) <0.001 0.106

108 (26%) <0.001 <0.001
51 (12%) 0.356 0.217

99 (24%) 0.910 0.001

88 (21%) 0.375 0.030

19 (12−28) <0.001 0.805

258 (62%) <0.001 0.373

89 (21%) <0.001 0.620

69 (17%) 0.083 0.068

64.5 § 30.9 0.334 <0.001
238 (57%) 0.435 <0.001
117 (28%) 0.426 0.173

31 (7.5%) 0.699 0.003

30 (7.2%) 0.776 0.004

270 (65%) 0.573 0.128

70 (17%) 0.612 0.101

76 (18%) 0.255 0.727

8 (1.9%) 0.350 0.382

153 (132−177) 0.151 0.001

) 3.69 (1.95−6.02) 0.056 <0.001
110 (26%) 0.212 <0.001
168 (40%) 0.155 0.005

138 (33%) 0.001 <0.001
3 (2−3) <0.001 0.055

64 (15%) <0.001 0.002

135 (38%) <0.001 0.496

202 (49%) 0.656 0.960

208 (50%) 0.227 0.851

211 (51%) 0.814 0.511

dard deviation.

nsin II receptor blockers; BMI = body mass index; CABG= coronary artery

rior descending; LM = left main; LVEF = left ventricular ejection fraction;

percutaneous coronary intervention; TIA = transient ischemic attack.



Figure 2. Survival analysis before propensity score matching according to

the treatment strategy. CABG = coronary artery bypass graft; OMT = opti-

mized medical treatment; PCI = percutaneous coronary intervention.
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on LM disease, proximal LAD disease, and SYNTAX strata
(low vs intermediate/high anatomic complexity). Clinical
subgroups were based on gender, diabetes status, and LVEF
strata (≥50% vs 40% to 49% vs <40%). Tests for interaction
were performed to assess for heterogeneity of treatment
effect among subgroups. p Values for interaction where cor-
rected with the formula 1¡ (1 ¡ P)6 to account for multiple
testing.13

All tests were 2-sided and statistical significance was
accepted if p value <0.05. Analyses were performed using
SPSS 25.0 and Stata 13.0.
Figure 3. Survival analysis after propensity score matching comparing

CABG with PCI in the overall population and according to the anatomical

complexity. CABG = coronary artery bypass graft; PCI = percutaneous

coronary intervention.
Results

Among the 5,379 patients with ACS included in the reg-
istry during the selected period, 1,516 had NSTEMI with
LM or MVD. After applying the study-defined exclusion
criteria, we identified 289 patients treated with CABG, 399
patients treated with PCI, and 416 patients managed with
OMT alone (final study population of n = 1,104; Figure 1).
Baseline population characteristics are depicted in Table 1,
where the imbalance between CABG and PCI subgroups
can be observed. As expected, patients selected to OMT
alone were older, had more co-morbidities and were more
severely ill.

Before PS-matching and among PCI-treated patients,
stents were implanted in 93% (n = 371), mostly drug-elut-
ing stents (73%). The mean number of stents was 1.60 §
0.44 stents/patient and the mean number of treated vessels
per patient was 1.17 § 0.50. The rate of complete revascu-
larization in the PCI group was 9.5% (n = 38). In the CABG
group, the mean number of grafts/patient was 2.31 § 0.79,
with arterial graft used in 98% of the cases. Off-pump
CABG was performed in 63% of the patients. The median
time from admission to revascularization in the CABG
group was 9 days (IQR: 4 to 16 days). The proportion of
complete revascularization was 47% (n = 136).

The overall median of the follow-up was 58 months
(IQR 30 to 60 months); although it was shorter in the OMT
group (49 months, p < 0.001), it did not differ significantly
between revascularization groups (CABG 64 months vs
PCI 61 months, p = 0.616). The primary outcome of all-
cause mortality occurred in 118 patients (29.6%) in the PCI
group, in 73 patients (25.3%) in the CABG group and in
201 patients (48.3%) in the OMT group (Figure 2). There
was no statistically meaningful difference in long-term all-
cause mortality between PCI and CABG (unadjusted HR
1.2; 95% CI 0.9 to 1.6; p = 0.212). However, OMT was
associated with a twofold increase in the mortality risk over
the study period, when compared with percutaneous or sur-
gical revascularization (unadjusted HR 2.0; 95% CI 1.7 to
2.5; p < 0.001).

Using a PS-matching methodology, 159 patients who
underwent PCI where matched with 159 patients who
underwent CABG. After matching, the standardized differ-
ences were ≤10% for all variables, indicating only small

www.ajconline.org


Table 2

Baseline clinical and angiographic characteristics of study cohort after propensity score matching

Variable CABG (n = 159) PCI (n = 159) Std mean diff

Age (years) 68 (58−76) 66 (58−76) 0.1%

Men 116 (73%) 111 (70%) 6.6%

BMI (Kg/m2) 27.7 (25.0−31.2) 27.3 (24.6−29.8) 6.9%

Diabetes mellitus 91 (57%) 93 (59%) 2.0%

Insulin-requiring 12 (7.5%) 17 (10.7%) 10.0%

Hypertension 121 (76%) 115 (72%) 9.1%

Dyslipidemia 90 (57%) 88 (55%) 4.0%

Smoker 33 (21%) 40 (25%) 9.5%

Previous MI 38 (24%) 28 (24%) 0.0%

Previous PCI 27 (17%) 22 (14%) 8.3%

Previous CABG 5 (3.1%) 6 (3.8%) 5.4%

Previous stroke/TIA 19 (11.9%) 14 (8.8%) 9.8%

Peripheral vascular disease 29 (18%) 23 (15%) 10.0%

Severe pulmonary disease 25 (16%) 26 (16%) 1.7%

SYNTAX score 19 (14.5−24.0) 18 (13−25.5) 8.8%

Low (0−22) 109 (69%) 103 (65%) 8.0%

Intermediate (23−32) 38 (24%) 39 (25%) 1.5%

High (≥ 33) 12 (7.5%) 17 (10.7%) 10.0%

GFR MDRD (mL/min/1.73 m2) 75.0 § 29.3 73.7 § 30.6 4.3%

> 60 112 (70%) 111 (70%) 1.4%

30−60 37 (23%) 36 (23%) 1.5%

<30 7 (4.4%) 8 (5.0%) 3.0%

Dialysis 3 (1.9%) 4 (2.5%) 4.3%

LVEF

>50% 110 (69%) 111 (70%) 1.5%

40−50% 20 (13%) 22 (14%) 3.6%

< 40% 29 (18%) 26 (16%) 5.0%

Critical status 3 (1.9%) 4 (2.5%) 4.3%

GRACE score 146 (125−170) 144 (119−176) 4.6%

Low risk 20 (13%) 20 (13%) 0.0%

Intermediate risk 48 (30%) 52 (32%) 5.4%

High risk 91 (57%) 87 (55%) 5.1%

EuroSCORE II (%) 1.83 (1.11−3.09) 1.86 (1.07−3.24) 3.4%

Low risk 86 (54%) 83 (52%) 3.8%

Intermediate risk 50 (31%) 54 (34%) 5.4%

High risk 23 (15%) 22 (14%) 1.8%

Number diseased vessels 3 (2−3) 3 (2−3) 1.1%

LM 22 (14%) 24 (15%) 3.6%

Proximal LAD 61 (45%) 60 (44%) 0.2%

Three-vessel disease 100 (63%) 94 (59%) 7.8%

Medication at discharge

Beta blockers 81 (51%) 75 (47%) 7.6%

ACEi/ARB 86 (54%) 81 (51%) 6.3%

Continuous values are presented as median (interquartile range) or mean § standard deviation.

Abbreviations: ACEi/ARB = angiotensin enzyme convertor inhibitors or angiotensin II receptor blockers; BMI = body mass index; CABG = coronary

artery bypass grafting; Cr = creatinine; diff = differences; GFR = glomerular filtration rate; LAD = left anterior descending; LM = left main; LVEF = left ven-

tricular ejection fraction; MDRD =Modification of Diet in Renal Disease; MI = myocardial infarction; PCI = percutaneous coronary intervention; Std = stan-

dardized; TIA = transient ischemic attack.
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differences between the 2 groups. Baseline and postmatch-
ing baseline characteristics of the population are depicted
in Table 2 and in Supplementary Table 1.

In the PS-matched cohort, the median follow-up was
60 months (IQR 47 to 60 months) in the overall popula-
tion, 60 months (IQR 49 to 60 months) in the CABG
group, and 60 months (IQR 41 to 60 months) in the PCI
group (p = 0.06). Procedural characteristics were similar
before and after PS-matching. Among PS-matched PCI-
treated patients, stents were implanted in 94% (n = 149)
of all patients, with drug-eluting stents used in 70% of
stented patients. Mean number of stents was 1.61 §
0.47 stents/patient. Mean number of vessels treated in
the PCI group was 1.13 § 0.55 per patient. In the CABG
group, the mean number of grafts/patient was 2.30 §
0.78, with arterial bypass used in 98% of the patients.
There were 72% of the patients submitted to off-pump
surgery. The median time from admission to revasculari-
zation in the CABG group was 9 days (IQR 4 to 20 days).
Notably, CABG was associated with a higher prevalence
of complete revascularization when compared with PCI
(48% vs 5%, p < 0.001).



Table 3

Univariate and multivariate (Cox regression) analysis after propensity score matching

Univariate analysis Multivariate analysis

Unadjusted HR 95% CI p value Adjusted HR 95% CI p value

Diabetes mellitus 1.88 1.22−2.91 0.005 1.63 1.04 − 2.54 0.033

EuroSCORE II (per unit) 1.08 1.06−1.11 <0.001 1.07 1.04 − 1.10 < 0.001

SYNTAX intermediate/high 2.31 1.50−3.56 <0.001 1.93 1.23 − 3.02 0.004

Incomplete revascularization 1.89 1.06−3.35 0.031 1.25 0.66 − 2.38 0.493

PCI 1.59 1.02−2.48 0.039 1.52 0.93 − 2.50 0.094

Age* (per unit) 1.07 1.04−1.09 <0.001 ¡ ¡ ¡
Creatinine clearance* (per unit) 0.98 0.98−0.99 <0.001 ¡ ¡ ¡
GRACE score* (per unit) 1.02 1.02−1.03 < 0.001 ¡ ¡ ¡
LVEF ≥50%* 0.34 0.22−0.52 <0.001 ¡ ¡ ¡
LVEF 40−50%* 2.16 1.28−3.64 0.004 ¡ ¡ ¡
LVEF <40%* 2.39 1.50−3.84 <0.001 ¡ ¡ ¡
Critical status* 8.79 3.79−20.4 <0.001 ¡ ¡ ¡
Left main disease* 1.91 1.13−3.22 0.015 ¡ ¡ ¡

Bold represent statistically significant p values.

Abbreviations: CI = confidence interval; HR = hazard ratio; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention.

* not included in multivariate analysis given the presence of multicollinearity.
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In the matched population, the primary outcome of all-
cause mortality occurred in 49 patients (31%) in the PCI
group and in 33 patients (21%) in the CABG group (unad-
justed HR 1.59; 95% CI 1.02 to 2.48; p = 0.039). After fur-
ther adjustment for variables considered prognostically
relevant this difference was no longer statistically significant,
although a trend could be detected favoring CABG (adjusted
HR 1.52; 95% CI 0.93 to 2.50; p = 0.094; taking CABG as
reference; Table 3). Furthermore, diabetes mellitus, Euro-
SCORE II and SYNTAX score (intermediate/high anatomic
complexity) remained independent predictors of all-cause
mortality. Survival analysD47X Xes of the overall comparison and
according to the SYNTAX score are depicted in Figure 3.

Subgroup analysis showed a trend for better long-term
outcomes favoring CABG in patients with LM disease,
proximal LAD disease, intermediate/high SYNTAX, and
LVEF <40% (Figure 4). Of note, among patients with
LVEF <40% those who achieved complete revasculariza-
tion had a lower 5-year mortality rate than those who did
not (24.0% vs 54.2%, p < 0.001).
Discussion

To our best knowledge, this is the first study that
compared mid-to-long-term mortality in a population of
NSTEMI patients with LM or MVD, treated with PCI,
CABG, or OMT. Our results can be summarized as follows:
(1) OMT is associated with a worse long-term prognosis
when compared with any revascularization strategy; (2)
long-term mortality seems to be equivalent in patients
treated with PCI or CABG, however; (3) a trend for lower
mortality with CABG was found, especially in the sub-
groups of patients with LM disease, proximal LAD disease,
intermediate/high risk SYNTAX score, and LVEF <40%.

A substantial proportion (up to 50%) of patients with
NSTEMI who underwent invasive management has LM
or MVD on the index angiography.2,14,15 In real-word prac-
tice, these patients are considered for ad hoc angioplasty or
heart team discussion to decide whether CABG, PCI, or
OMT is the best option and this decision is closely linked
namely to the anatomical complexity of the disease, to
patient-specific characteristics and the ischemic burden.
Data regarding the role of OMT in this population is scarce.
In a population with symptomatic stable coronary artery
disease, it has been shown that those treated with OMT had
a higher mortality at 3 years.16 Similarly, we report a two-
fold higher risk of 5-year mortality when NSTEMI patients
with LM or MVD deemed not amenable to revasculariza-
tion are medically treated. Whether or not high-risk revas-
cularization approaches can significantly impact this dire
scenario remains to be fully determined.

Until now, no randomized clinical trial in NSTEMI
patients with LM or MVD has been conducted. Indeed, the
current recommendations for revascularization in this setting
derive from studies conducted in stable coronary artery dis-
ease. Although a post hoc analysis from the Acute Catheteri-
zation and Urgent Intervention Triage strategy trial showed no
differences in 1-year mortality between these 2 revasculariza-
tion strategies (4.4% for CABG vs 5.7% for PCI; p = 0.58),
the more recent Future REvascularization Evaluation in
patients with Diabetes mellitus: Optimal management of Mul-
tivessel disease (FREEDOM) and the SYNTAX trials showed
a potential benefit of CABG specially in the subgroup of
patients with more complex disease.3−5 The 5-year results of
the SYNTAX trial revealed that patients randomly treated
with CABG had a lower rate of MACCE when compared
with the PCI group (26.9% vs 37.3%, p < 0.001). Further-
more, in patients with the highest anatomical complexity
(SYNTAX score ≥33), CABG was also associated with lower
mortality (11.4% vs 19.2%, p = 0.005). Similar results were
reported in the FREEDOM trial, where the rates of the com-
posite end point of all-cause death, cerebrovascular accident,
or myocardial infarction were lower in CABG when com-
pared with PCI (18.7% vs 26.6%, p = 0.005). Yet, in the
FREEDOM trial, the mortality benefit associated with CABG
was found only in patients with intermediate anatomical com-
plexity (SYNTAX score 23 to 32). Our findings are supported
and parallel those of both the FREEDOM and SYNTAX

www.ajconline.org


Figure 4. Subgroup analysis after propensity score matching. CABG = coronary artery bypass graft; CI = confidence interval; HR = hazard ratio; LAD = left

anterior descending artery; PCI = percutaneous coronary intervention.

Coronary Artery Disease/Coronary Artery Bypass Grafting 723
trials. The magnitude of the numerical difference in mortality
between CABG and PCI that we found in our study is within
the range reported by the aforementioned trials. After double
adjustment by PS-matching and Cox multivariate analysis (to
overcome residual bias), the difference was no longer statisti-
cally significant. However, a trend persisted favoring CABG
and, moreover, the impact seemed to be more striking in
patients with an intermediate/high anatomical complexity
(SYNTAX ≥23), LM or proximal LAD disease or LVEF
<40%. In a similar study7 that pooled data from 3 randomized
clinical trials performed in the setting of ACS with non−ST-
elevation with LM or MVD (n = 1,246 patients), the 5-year
rate of all-cause mortality, myocardial infarction, or stroke
was significantly lower with CABG than with PCI (HR 0.74;
95% CI 0.56 to 0.98; p = 0.036). Nevertheless, in this study,
only 6% of the patients were admitted with NSTEMI (n = 77),
contrasting with our work where a total of 1,104 NSTEMI
patients were included. Also, our analysis was conducted in a
real-world population without the caveats of patient inclusion/
selection from randomized clinical trials.

Some important aspects should be mentioned when
interpreting our results. First, the CABG group had a higher
degree of revascularization as showed by a higher mean of
vessels treated and a lower rate of incomplete revasculari-
zation. Indeed, several studies support the concept that an
incomplete revascularization strategy can be detrimental in
the long-term, thus it could have conferred an advantage to
the CABG group in our population.17,18 Also, the presumed
better results of CABG in the subgroup of patients with
LVEF <40% could be explained by the higher rate of com-
plete revascularization that was achieved when compared
with PCI. Finally, the median time from admission to revas-
cularization in the CABG group was 9 days, which could
translate into a lower risk population when compared with
patients treated by PCI that could not be mitigated by the
PS-matching or multivariate analysis.

We recognize that the sample size is modest, hampering
definitive conclusions for the comparison between groups
due to type II error (lack of adequate statistical power). Sec-
ondly, due to its retrospective nature, potential confounding
might persist even after adequate PS-matching and multivar-
iate analysis, although standardized differences were ≤10%
for all the variables in the model. As such, our results should
be regarded as hypothesis generating especially the subgroup
analysis where study underpower is almost a certainty. Even
so, they are strongly supported by similar findings reported
in the literature from the abovementioned randomized clini-
cal trials and from a recent individual patient-data pooled
analysis19 performed in a broader patient population. More-
over, this is a single-center analysis and the decisions around
revascularization strategies might not reflect the practice in
other institutions. Third, we did not collect data regarding
stroke, acute myocardial infarction and subsequent revascu-
larization, which could have changed (and probably
strengthen) our findings. Also, even though we have infor-
mation about the medical therapy at discharge, we do not
report changes in therapy during the follow-up, which could
have influenced the outcome. Finally, epicardial coronary
artery disease was anatomically defined as at least 50% ste-
nosis and it remains uncertain if results would be the same
whether a different threshold (e.g., 70% stenosis) or a func-
tional definition had been used.
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In conclusion, in a real-world NSTEMI patient population
with LM or MVD, OMT alone was associated with a dire out-
come. Although 5-year all-cause mortality was statistically
similar between CABG and PCI, a signal toward a potential
benefit of CABG over PCI was detected, which may be partic-
ularly important in patients with intermediate/high anatomical
complexity (SYNTAX ≥23), LM disease, proximal LAD
disease, and LVEF <40%. Dedicated randomized trials are
needed to further elucidate the role of current revasculariza-
tion options in this growing patient population.
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Milewski K, Orlik B, Janas A, Wojakowski W, Kiesz RS, Zembala M,
Polo�nski L. Comparison of stenting and surgical revascularization
strategy in non-ST elevation acute coronary syndromes and complex
coronary artery disease (from the Milestone Registry). Am J Cardiol
2014;114:979–987.

7. Chang M, Lee CW, Ahn J-M, Cavalcante R, Sotomi Y, Onuma Y, Han
M, Park D-W, Kang S-J, Lee S-W, Kim Y-H, Park S-W, Serruys PW,
Park S-J. Comparison of Outcome of Coronary Artery Bypass Grafting
Versus Drug-Eluting Stent Implantation for Non-ST-Elevation Acute
Coronary Syndrome. Am J Cardiol 2017;120:380–386.

8. Fox KAA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van
de Werf F, Avezum A, Goodman SG, Flather MD, Anderson FA,
Granger CB. Prediction of risk of death and myocardial infarction
in the six months after presentation with acute coronary syndrome:
prospective multinational observational study (GRACE). BMJ
2006;333:1091.

9. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS, Falk V, Gonz�alez-Juanatey JR, Harjola V-P, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley
JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rutten FH, Meer Paner.
ESC Scientific Document Group. 2016 ESC Guidelines for the diagno-
sis and treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC)Developed with the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur
Heart J 2016;37:2129–2200.

10. Sianos G, Morel M-A, Kappetein AP, Morice M-C, Colombo A,
Dawkins K, Brand Manen, Van Dyck N, Russell ME, Mohr FW, Ser-
ruys PW. The SYNTAX Score: an angiographic tool grading the com-
plexity of coronary artery disease. EuroIntervention 2005;1:219–227.

11. Nashef SAM, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone
AR, Lockowandt U. EuroSCORE II. Eur J Cardiothorac Surg
2012;41:734–745.

12. D’Agostino RB. Propensity scores in cardiovascular research. Circula-
tion 2007;115:2340–2343.

13. Lagakos SW. The Challenge of subgroup analyses—reporting without
Distorting. N Engl J Med 2006;354:1667–1669.

14. Authors/Task Force members, Windecker S, Kolh P, Alfonso F, Collet
J-P, Cremer J, Falk V, Filippatos G, Hamm C, Head SJ, J€uni P,
Kappetein AP, Kastrati A, Knuuti J, Landmesser U, Laufer G,
Neumann F-J, Richter DJ, Schauerte P, Sousa Uva M, Stefanini GG,
Taggart DP, Torracca L, Valgimigli M, Wijns W, Witkowski A. 2014
ESC/EACTS Guidelines on myocardial revascularization: The Task
Force on Myocardial Revascularization of the European Society of
Cardiology (ESC) and the European Association for Cardio-Thoracic
Surgery (EACTS) Developed with the special contribution of the
European Association of Percutaneous Cardiovascular Interventions
(EAPCI). Eur Heart J 2014;35:2541–2619.

15. Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG,
Holmes DR, Jaffe AS, Jneid H, Kelly RF, Kontos MC, Levine GN,
Liebson PR, Mukherjee D, Peterson ED, Sabatine MS, Smalling RW,
Zieman SJ. ACC/AHA Task Force Members, Society for Cardiovascular
Angiography and Interventions and the Society of Thoracic Surgeons.
2014 AHA/ACC guideline for the management of patients with non-ST-
elevation acute coronary syndromes: executive summary: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation 2014;130:2354–2394.

16. Williams B, Menon M, Satran D, Hayward D, Hodges JS, Burke MN,
Johnson RK, Poulose AK, Traverse JH, Henry TD. Patients with coronary
artery disease not amenable to traditional revascularization: prevalence
and 3-year mortality. Catheter Cardiovasc Interv 2010;75:886–891.

17. Farooq V, Serruys PW, Bourantas CV, Zhang Y, Muramatsu T,
Feldman T, Holmes DR, Mack M, Morice MC, Sta

�
hle E, Colombo A,

Vries Tde, Morel M, Dawkins KD, Kappetein A-P, Mohr FW. Quanti-
fication of incomplete revascularization and its association with
five-year mortality in the synergy between percutaneous coronary
intervention with taxus and cardiac surgery (SYNTAX) trial validation
of the residual SYNTAX score. Circulation 2013;128:141–151.

18. Garcia S, Sandoval Y, Roukoz H, Adabag S, Canoniero M, Yannopou-
los D, Brilakis ES. Outcomes after complete versus incomplete revas-
cularization of patients with multivessel coronary artery disease: a
meta-analysis of 89,883 patients enrolled in randomized clinical trials
and observational studies. J Am Coll Cardiol 2013;62:1421–1431.

19. Head SJ, Milojevic M, Daemen J, Ahn J-M, Boersma E, Christiansen
EH, Domanski MJ, Farkouh ME, Flather M, Fuster V, Hlatky MA,
Holm NR, Hueb WA, Kamalesh M, Kim Y-H, M€akikallio T, Mohr
FW, Papageorgiou G, Park S-J, Rodriguez AE, Sabik JF, Stables RH,
Stone GW, Serruys PW, Kappetein AP. Mortality after coronary artery
bypass grafting versus percutaneous coronary intervention with stent-
ing for coronary artery disease: a pooled analysis of individual patient
data. Lancet 2018;391:939–948.

https://doi.org/10.1016/j.amjcard.2018.11.052
https://doi.org/10.1016/j.amjcard.2018.11.052
https://doi.org/10.1093/eurheartj/ehy394
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32157-X/sbref0019
www.ajconline.org

	Coronary Artery Bypass Grafting Versus Percutaneous Coronary Intervention in Patients With Non-ST-Elevation Myocardial Infarction and Left Main or Multivessel Coronary Disease
	Methods
	Results
	Discussion
	Acknowledgment
	Declarations of Interest
	Supplementary materials


