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Background: The STICH trial showed superiority of coronary artery bypass plus medical treatment (CABG) over
medical treatment alone (MED) in patients with left ventricular ejection fraction (LVEF) ≤35%. In previous
publications, percutaneous coronary intervention (PCI) prior to CABG was associated with worse prognosis.
Objectives: The main purpose of this study was to analyse if prior PCI influenced outcomes in STICH.
Methods and results: Patients in the STICH trial (n=1212), followed for amedian time of 9.8 years, were included
in the present analyses. In the total population, 156 had a prior PCI (74 and 82, respectively, in theMED and CABG
groups). In those with vs. without prior PCI, the adjusted hazard-ratios (aHRs) were 0.92 (95% CI = 0.74–1.15)
for all-cause mortality, 0.85 (95% CI = 0.64–1.11) for CV mortality, and 1.43 (95% CI = 1.15–1.77) for CV hospi-
talization. In the group randomized to CABGwithout prior PCI, the aHRs were 0.82 (95% CI = 0.70–0.95) for all-
causemortality, 0.75 (95% CI=0.62–0.90) for CVmortality and 0.67 (95% CI= 0.56–0.80) for CV hospitalization.
In the group randomized to CABGwith prior PCI, the aHRswere 0.76 (95%CI=0.50–1.15) for all-causemortality,
0.81 (95% CI = 0.49–1.36) for CV mortality and 0.61 (95% CI = 0.41–0.90) for CV hospitalization. There was no
evidence of interaction between randomized treatment and prior PCI for any endpoint (all adjusted p N 0.05).
Conclusion: In the STICH trial, prior PCI did not affect the outcomes of patients whether they were treated
medically or surgically, and the superiority of CABG over MED remained unchanged regardless of prior PCI.
Clinical trial registration: Clinicaltrials.gov; Identifier: NCT00023595

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Coronary artery bypass graft (CABG) surgery has been established as
the standard of care for patients with multi-vessel coronary artery
disease (CAD) and left ventricular (LV) dysfunction [1,2]. Although
pt. 1401, São Paulo 01224-020,

).
this was first suggested by subgroup analyses from older randomized
trials, in subgroup analyses with small numbers of patients [3,4], more
recently the STICH trial definitely demonstrated a significant long-
term mortality reduction favoring CABG versus medical treatment
alone (MED) specifically in patients with LVEF ≤35% [5,6].

Whether the same benefit could be conferred by percutaneous
coronary intervention (PCI) is a matter of debate [7–10], with a meta-
analysis demonstrating superiority of PCI and CABG over MED, with
survival advantage favoring CABG in comparison with PCI [11].
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In previous reports, prior PCI has been associated with worse short-
term outcomes after CABG [12–14] and to increased long-term post-
operative mortality [15]. However, this claim has been disputed by
recent reports. Ueki et al. analyzing N48,000 individuals undergoing
CABG (12,437 with prior PCI), found the same operative mortality
(1.2%) in the groups with or without prior PCI. Mariscalco et al. found
an odds-ratio of 0.90 (with vs. without prior PCI) for in-hospital
mortality (p = 0.81), raising the question whether there could be
any influence of selection bias due to inclusion of prior PCI in an urgent
setting in the previous studies [16,17]. However, none of those reports
specifically addressed the high-risk population with severe LV dysfunc-
tion. Therefore, we sought to investigate in the STICH trial (which
randomized patients with LVEF ≤35% to CABG plus MED or MED alone)
whether prior PCI influences the benefit of CABG compared to MED.

2. Methods

2.1. Population

The STICH trial was a prospective, multicenter, randomized trial sponsored by the
National Heart, Lung and Blood Institute that enrolled 1212 individuals from 22 countries
and 99 sites. STICH trial hypothesis 1 enrollment criteria, as well as the main results, have
been published previously [5,18]. Briefly, patients with multi-vessel CAD and LVEF ≤35%
who were deemed suitable for surgical revascularization were randomized to optimal
medical treatment with or without CABG and followed-up for a median of 9.8 years
after a protocol amendment to the initial planned 5-year follow-up [6]. Themain exclusion
criteria were presence of a left main coronary stenosis of 50% or more of the
artery diameter, Canadian Cardiovascular Society class III or IV angina on MED, plan for
PCI and history of acute myocardial infarction within 30 days. STICH hypothesis 1 investi-
gated whether CABGwould be superior to MED in terms of themain primary endpoint of
all-cause mortality, as well as the secondary endpoints of cardiovascular mortality, the
composite of all-cause death or hospitalization due to cardiovascular (CV) causes, and CV
hospitalization.

For the purposes of the present study, the database from the trial was retrospectively
analyzed regarding whether patients had undergone PCI prior to enrollment. Data was
not available regarding details of the PCI procedure including vessels involved, timing of
the procedures in relation to study entry, use and type of stents or clinical circumstances
(e.g. acute coronary syndromes or elective, etc.).

The authors reviewed the data, participated in the analyses andwrote themanuscript,
and assume responsibility for the completeness and accuracy of the data and the analyses
and for the fidelity of the study to the trial protocol.

2.2. Statistical analyses

Baseline patient characteristics are summarized for those with and without prior
PCI. Unless otherwise noted, continuous variables are depicted as medians (25th, 75th
percentiles) and prior PCI groups compared with Wilcoxon rank-sum tests. Categorical
variables are summarized as counts (percentages) and groups were compared with
Pearson's chi-square or Fisher's exact tests as appropriate.

For the comparison of outcomes (all-cause mortality, CV mortality, CV hospitalization,
and the composite of all-cause death or CV hospitalization) for patients with and without
prior PCI, Cox proportional hazards models were fit. Results are presented as number of
events, Kaplan-Meier rate at 10 years, hazard ratio with 95% confidence interval (CI), and
p-value. Unadjustedmodels were adjusted for variables that were associatedwith any out-
come at 0.05 level of significance. Adjustedmodels were developed from Coxmodels using
backward elimination method. The following baseline variables were selected at the
0.05 level of significance: age, sex, region, creatinine clearance, randomized treatment,
prior CABG, number and location of diseased vessels, heart rate, NYHA class III or IV, atrial
fibrillation, moderate or severe mitral regurgitation, end systolic volume index, diabetes,
stroke, current smoking, chronic renal insufficiency, depression, and ACE/ARB use. There
were a few missing values in this study and a multiple imputation technique was used.

Cox proportional hazards models including treatment, prior PCI, and the treatment-
by-prior PCI history interaction were used to test for a differential treatment effect
(CABGversusMED) inpatientswith orwithout prior PCI. Adjusted and unadjustedmodels
were fit for treatment as randomized and as received. Kaplan-Meier plots have been pro-
duced for prior PCI vs. no prior PCI groups that were stratified by treatment. Unadjusted
hazard ratios and 95% confidence intervals for treatment with CABG are provided for
those with and without prior PCI along with the interaction p-value.

As a sensitivity analysis, the unadjusted models for the association between prior PCI
and outcomes were adjusted for propensity score. The propensity scores were calculated
using a logistic regression model including clinically important variables and variables
associatedwith having prior PCI in current data. Variables included sex, age, race, previous
CABG, previous internal cardiac defibrillator, diabetes, NYHA class, weight, creatinine,
systolic blood pressure, angina, moderate or severe mitral regurgitation, smoking, hyper-
cholesterolemia, prior myocardial infarction, ejection fraction, ACE/ARB, statins, potas-
sium sparing diuretic, number of diseased vessels and disease of proximal left anterior
descending.We checked for confounding and the departure from the linearity assumption
among covariates before adjusting the model to get the propensity scores.

All statistical analyses were two-sided and a p-value b0.05 was considered as statisti-
cally significant. SAS version 9.4 (SAS Institute, Inc., Cary, NC) was used for all statistical
analyses.

3. Results

Of the 1212 patients enrolled (602 randomized to MED and 610 to
CABG), 156 (12.9%) had a prior PCI (74 in the MED group and 82 in
the CABG group). Patients with prior PCI more frequently had a history
of hyperlipidemia, myocardial infarction, andmoderate or severemitral
regurgitation. They had greater severity of angina, more frequently
implanted with a cardioverter defibrillator, and were less likely to
have disease in the left anterior descending artery. Clinical characteris-
tics are shown by PCI history in Table 1 with groups further grouped
by randomized treatment in Supplemental Table 1.

3.1. Relationship between prior PCI and outcomes

As can be seen in Table 2, Kaplan-Meier rates at 10 years were
respectively 60.2% and 64.3% for patients with or without previous
PCI for all-cause mortality (adjusted HR = 0.92, 95% CI, 0.74–1.15),
and 44.5% comparedwith 51.0% for CVmortality, respectively (adjusted
HR = 0.85, 95% CI, 0.64–1.11). Conversely, all-cause mortality or
CV hospitalization (adjusted HR = 1.19, 95% CI 0.99–1.44) and CV
hospitalization alone (adjustedHR1.43, 95%CI, 1.15–1.77)were greater
in patients with prior PCI. There were no significant differences re-
garding the main causes of hospitalization between patients with
or without prior PCI: heart failure (27% vs. 29%, respectively), unstable
angina (15% vs. 11%), arrhythmias (11% vs. 10%) or infection (9% vs.
8%). In the sensitivity analysis adjusted for the propensity to have
prior PCI, similar results for mortality were observed for all-cause and
CV mortalities, but the hazard ratio of CV hospitalization in patients
with prior PCI was no longer significant (adjusted HR = 1.20 (95% CI,
0.95–1.50) (Supplement Table 2).

3.2. Influence of prior PCI on outcomes in the STICH trial

By intention to treat, the reduced risk of all-cause mortality,
CV mortality, CV hospitalization, and the all-cause mortality or CV hos-
pitalization composite that was observed with CABG and MED in com-
parison with MED alone overall in the trial, was not dependent on
whether patients had PCI prior to randomization. Interaction p-values
were not significant for any endpoint with or without adjustment
(Fig. 1 and Supplemental Fig. 1). By treatment received, as can be seen
in Table 3, the results were similar to the previous ones, with no sig-
nificant interaction for any of the analyzed endpoints.

4. Discussion

In this high-risk population comprised of patients with LVEF ≤35%,
our results showed that prior PCI was not associated with an increased
risk of all-cause and CV mortality. Moreover, in the STICH trial CABG
remained superior to MED whether patients were treated with or
without PCI prior to enrollment.

The prevalence of prior PCI has been increasing steadily in patients
undergoing CABG [19,20]. The prevalence in the present experience
(12.9%) is similar to the median of 12.7% reported by Mehta et al. in
a meta-analysis that included N34,000 patients (about 10% with heart
failure) [19], and similar to the incidence found by Nauffal et al. in
patients with triple-vessel disease and diabetes (12.8%) [21], and
lower than the incidences described by Niclauss (24%) [20] and O'Neill
(19%) [22]. These differencesmay be related to the time period reported
in the respective studies or some other factor.



Table 1
Baseline patient characteristics by prior PCI.

All patients
(N = 1212)

No prior PCI
(N = 1056)

Prior PCI
(N = 156)

p-Value

Age (years) 60 (54, 67) 60 (54, 67) 59 (54, 67) 0.518
Female sex 148 (12.2%) 123 (11.6%) 25 (16.0%) 0.119
Race b0.001

White 827 (68.2%) 698 (66.1%) 129 (82.7%)
Black 31 (2.6%) 26 (2.5%) 5 (3.2%)
Asian 209 (17.2%) 193 (18.3%) 16 (10.3%)
Other 145 (12.0%) 139 (13.2%) 6 (3.8%)

Body mass index (kg/m2) 26.8 (24.0, 29.8) 26.7 (23.9, 29.7) 27.8 (24.4, 30.2) 0.059
Systolic blood pressure (mmHg) 120 (110, 130) 120 (110, 130) 120 (108, 130) 0.019
Diastolic blood pressure (mmHg) 78 (70, 80) 80 (70, 80) 75 (68, 80) 0.072
Heart rate (bpm) 74 (66, 82) 74 (66, 81) 72 (66, 84) 0.828
Hemoglobin (g/dL) 13.9 (12.7, 14.9) 13.9 (12.7, 14.9) 13.9 (12.7, 14.7) 0.213
Cockcroft-Gault creatinine clearance (mg/dL) 76.5 (60.5, 95.9) 76.1 (60.4, 94.8) 80.1 (61.7, 104.8) 0.119
LVEF 28 (22, 34) 28 (23, 34) 26 (21, 33) 0.197
ESVI (mL/m2) 78.0 (60.9, 99.1) 77.8 (60.6, 99.1) 80.4 (61.6, 99.0) 0.495
Diabetes 478 (39.4%) 415 (39.3%) 63 (40.4%) 0.796
Hyperlipidemia 730 (60.3%) 623 (59.1%) 107 (68.6%) 0.024
Hypertension 728 (60.1%) 628 (59.5%) 100 (64.1%) 0.270
Peripheral vascular disease 184 (15.2%) 166 (15.7%) 18 (11.5%) 0.174
Myocardial infarction 934 (77.1%) 799 (75.7%) 135 (86.5%) 0.003
Stroke 92 (7.6%) 80 (7.6%) 12 (7.7%) 0.959
Moderate or severe mitral regurgitation 220 (18.2%) 179 (17.0%) 41 (26.3%) 0.005
Prior ICD 29 (2.4%) 20 (1.9%) 9 (5.8%) 0.008
Prior CABG 36 (3.0%) 29 (2.7%) 7 (4.5%) 0.212
Atrial fibrillation or flutter 153 (12.6%) 131 (12.4%) 22 (14.1%) 0.551
Current smoking 252 (20.8%) 219 (20.8%) 33 (21.2%) 0.910
CCS angina class 0.006

0 442 (36.5%) 383 (36.3%) 59 (37.8%)
I 187 (15.4%) 167 (15.8%) 20 (12.8%)
II 525 (43.3%) 464 (43.9%) 61 (39.1%)
III 48 (4.0%) 36 (3.4%) 12 (7.7%)
IV 10 (0.8%) 6 (0.6%) 4 (2.6%)

NYHA class 0.356
I 139 (11.5%) 121 (11.5%) 18 (11.5%)
II 626 (51.7%) 547 (51.8%) 79 (50.6%)
III 412 (34.0%) 361 (34.2%) 51 (32.7%)
IV 35 (2.9%) 27 (2.6%) 8 (5.1%)

Baseline medications
ACE inhibitor or ARB 1085 (89.5%) 938 (88.8%) 147 (94.2%) 0.040
Beta blocker 1036 (85.5%) 898 (85.0%) 138 (88.5%) 0.257
Aspirin 1002 (82.7%) 874 (82.8%) 128 (82.1%) 0.826
Clopidogrel 208 (17.2%) 176 (16.7%) 32 (20.5%) 0.234
Antiarrhythmic (including amiodarone) 128 (10.6%) 112 (10.6%) 16 (10.3%) 0.894
Digoxin 245 (20.2%) 215 (20.4%) 30 (19.2%) 0.743
Insulin 197 (16.3%) 168 (15.9%) 29 (18.6%) 0.397
Oral diabetic agent 286 (23.6%) 252 (23.9%) 34 (21.8%) 0.570
Nitrate 646 (53.3%) 562 (53.2%) 84 (54.2%) 0.820
Statin 983 (81.1%) 847 (80.2%) 136 (87.2%) 0.038
Warfarin 127 (10.5%) 111 (10.5%) 16 (10.3%) 0.923
Diuretic-loop thiazide 791 (65.3%) 700 (66.3%) 91 (58.7%) 0.064
Diuretic-potassium sparing 556 (45.9%) 473 (44.8%) 83 (53.2%) 0.049

Coronary anatomy
Number of diseased vessels (75%) 0.046
0 25 (2.1%) 19 (1.8%) 6 (3.9%)
1 282 (23.3%) 243 (23.0%) 39 (25.2%)
2 462 (38.2%) 395 (37.4%) 67 (43.2%)
3 442 (36.5%) 399 (37.8%) 43 (27.7%)

Left main stenosis ≥50% 32 (2.6%) 28 (2.7%) 4 (2.6%) 1.000
Proximal LAD stenosis ≥75% 826 (68.2%) 734 (69.5%) 92 (59.4%) 0.011

Surgical characteristics in those randomized to and received surgery N = 555 N = 485 N = 70
Number of conduits 0.399
1 69 (12.4%) 63 (13.0%) 6 (8.6%)
2 175 (31.5%) 148 (30.5%) 27 (38.6%)
3 236 (42.5%) 206 (42.5%) 30 (42.9%)
N3 75 (13.5%) 68 (14.0%) 7 (10.0%)

Number of arterial conduits 0.819
0 50 (9.0%) 44 (9.1%) 6 (8.6%)
1 446 (80.4%) 388 (80.0%) 58 (82.9%)
N1 59 (10.6%) 53 (10.9%) 6 (8.6%)

Number of distal anastomoses 0.312
0 7 (1.3%) 5 (1.0%) 2 (2.9%)
1 63 (11.4%) 57 (11.8%) 6 (8.7%)
2 128 (23.1%) 109 (22.5%) 19 (27.5%)
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Table 1 (continued)

All patients
(N = 1212)

No prior PCI
(N = 1056)

Prior PCI
(N = 156)

p-Value

3 221 (39.9%) 192 (39.6%) 29 (42.0%)
4 98 (17.7%) 91 (18.8%) 7 (10.1%)
N4 37 (6.7%) 31 (6.4%) 6 (8.7%)

LVEF = left ventricular ejection fraction; ESVI = end systolic volume index; ICD = internal cardiac defibrillator; CABG = coronary artery bypass graft; CCS=Canadian Cardiovascular
Society; NYHA = New York Heart Association; ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; LAD = left anterior descending artery.

Table 2
Association between prior PCI and outcomes.a

Total events
(KM rate at 10 years)

Unadjusted Adjustedb

Outcome No prior PCI
(n = 1056)

Prior PCI
(n = 156)

HR (95% CI) for prior PCI p-Value HR (95% CI) for prior PCI p-Value

All-cause mortality 649 (64.3%) 91 (60.2%) 0.88 (0.71, 1.10) 0.261 0.92 (0.74, 1.15) 0.475
Cardiovascular mortality 478 (51.0%) 60 (44.5%) 0.79 (0.60, 1.03) 0.080 0.85 (0.64, 1.11) 0.235
All-cause mortality or CV hospitalization 850 (83.5%) 135 (89.1%) 1.20 (1.00, 1.44) 0.050 1.19 (0.99, 1.44) 0.065
CV hospitalization 514 (64.1%) 104 (80.0%) 1.51 (1.22, 1.87) b0.001 1.43 (1.15, 1.77) 0.001

a Intention to treat analyses.
b Models are adjusted for baseline age, sex, region, creatinine clearance, randomized treatment, prior CABG, diseased vessels, heart rate, NYHA class, AF, MR, ESVI, diabetes, stroke,

current smoking, chronic renal insufficiency, depression, and ACE/ARB u.
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4.1. Relationship between prior PCI and outcomes in patients submitted
to CABG

Contrary to our results, although not unanimously, previous publica-
tions, mainly in patients with preserved LV function, have suggested
that the presence of prior PCI is associated with worse short- and
long-term prognosis of patients who underwent CABG [12–15], which
could be influenced by a decrease in the number of grafts utilized in
patients with prior PCI [12]. In the present study, the number of grafts
was similar in patients with or without prior PCI in accordance to
Thielmann et al. findings [13]. Songur et al. analyzing patency rates in
patients with or without prior PCI, found significantly higher graft pa-
tency rates for the group without prior PCI in left anterior descending,
Fig. 1.Randomized treatment effects by history of PCI. * Models are adjusted for baseline age, se
ESVI, diabetes, stroke, current smoking, chronic renal insufficiency, depression, and ACE/ARB u
circumflex, and right coronary arteries at a mean time of 60 months
[23], which could be related to competitive flow, as suggested by the
results of the recently presented IMPAG trial [24]. Conversely, the
EuroSCORE and the STS risk model have been found to be inaccurate
in predicting outcomes after CABG in patients with prior PCI, with an
area under the curve (EuroSCORE) for 30-day mortality of 0.875 for pa-
tients without prior PCI, and only 0.552 for patients with prior PCI [25].

In our patients assigned to CABG, we found a non-significant
decrease in all-cause and CV mortality rates for those with prior PCI
(HR = 0.85 and 0.84, respectively) as compared with those without
prior PCI, a finding similar to that of Luthra et al., who described higher
survival rates for patients having CABG with prior PCI and LVEFb30%,
but not for those with LVEF N30% [26]. Finally, for CV hospitalization,
x, region, creatinine clearance, prior CABG, diseased vessels, heart rate, NYHA class, AF, MR,
se. CV = cardiovascular; ACM = all-cause mortality.
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weobserved a higher rate (statistically significant in themodel adjusted
by baseline variables but not significant in the model adjusted for
propensity for prior PCI) during the follow-up in patients with prior
PCI. Additionally, unstable angina requiring hospitalization was similar
between the groups, contrary to the findings of Chocron et al. who
found a higher incidence in patients with prior PCI, but in a population
with LVEF N39% [27].

4.2. CABG vs. MED: the influence of prior PCI

Before the present analysis, no publications specifically assessed the
role of prior PCI in patients with LVEF b35% submitted to CABG or MED.
In ameta-analysiswith 21 studies and N16,000 patientswith LVEF b40%,
Wolff et al. found a significant superiority of CABG over MED (HR =
0.66, p b 0.001) [11]. However, the important hypothesis that prior
PCI could influence CABG results was not addressed in that publication.
In this context, our results are reassuring, showing that CABG is superior
to MED in patients with or without previous PCI, with consistent results
for both as randomized and as treated analyses.

4.3. Study limitations

There are several limitations to the current study. First, although
similar to other reports, the analysis is post hoc with a relatively small
number of patients. Second, we collected no detailed information
specific to the intervention performed. The modern practice of PCI is
complex and how data from the current study relates to that practice
is unknown and may have influenced the results [13,21]. However,
this is the only report we are aware of limited to a population with LV
dysfunction maintained on optimal medical therapy that analyzes the
impact of prior PCI in patients undergoing CABG or maintained on
MED alone. Finally, while our analysis is the largest so far to specifically
assess the association of prior PCI and outcomes in patients with LV
dysfunction treated with CABG, we cannot exclude that a lack of statis-
tical power might have been an issue.

5. Conclusion

In the STICH population of patients with ischemic heart disease and
LVEF ≤35%, patients with prior PCI did not have a worse prognosis
compared to thosewhodid not.Moreover, thepreviously demonstrated
benefit of CABG plus optimal medical therapy over MED alone was
maintained regardless of whether patients had prior PCI. This report
supports the idea that prior PCI should not be a factor in whether to
offer CABG to patients with LV dysfunction.
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