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Abstract

Background and 
Aims

In the Surgical Treatment for Ischaemic Heart Failure Trial Extension Study (STICHES), coronary artery bypass grafting 
(CABG) improved outcomes of patients with ischaemic left ventricular dysfunction receiving medical therapy, whereas in 
the Revascularization for Ischaemia Ventricular Dysfunction trial (REVIVED-BCIS2), percutaneous coronary intervention 
(PCI) did not. The aim of this study was to explore differences in outcomes of participants treated with medical therapy 
alone in STICHES vs. REVIVED-BCIS2 and to assess the incremental benefit of CABG or PCI.

Methods Pooled analysis of adjusted individual participant data from two multicentre randomized trials. All patients had left ventricu-
lar ejection fraction ≤35% and coronary artery disease and received medical therapy. Participants were randomized 1:1 to 
CABG (STICHES) or PCI (REVIVED-BCIS2). The primary outcome was the composite of all-cause death and hospitalization 
for heart failure over all available follow-up.

Results A total of 1912 participants (88% male, 76% white ethnicity) were included with 98.3% completeness of follow-up for the 
primary outcome. The median follow-up was 118 months in STICHES and 41 months in REVIVED-BCIS2. Those receiving 
medical therapy alone in REVIVED-BCIS2 had fewer primary outcome events than those receiving medical therapy alone in 
STICHES (adjusted hazard ratio 0.60, 95% confidence interval 0.48–0.74, P < .001). Patients receiving PCI in REVIVED- 
BCIS2 were less likely to experience a primary outcome event than those receiving CABG in STICHES. Adjusted outcomes 
of patients treated with CABG in STICHES were worse than those receiving medical therapy alone in REVIVED-BCIS2.

Conclusions Patients with ischaemic cardiomyopathy receiving medical therapy in REVIVED-BCIS2 had better outcomes than those in 
STICHES, with or without CABG surgery. Further trials comparing CABG, PCI, and medical therapy in this population are 
warranted.
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Structured Graphical Abstract

Have outcomes of medically treated patients with ischaemic left ventricular dysfunction changed over time? What can we learn from 
trials of coronary revascularization?

In this individual patient data analysis of the REVIVED-BCIS2 and STICHES trials, patients receiving medical therapy in REVIVED-BCIS2 
had a lower risk of death or hospitalization for heart failure than those enrolled in STICHES. 

Advances in medical therapy have improved the outcomes of patients with ischaemic cardiomyopathy, limiting the clinical actionability of 
previous trials. Thus, further trials of coronary revascularization in patients with ischaemic cardiomyopathy are needed.

Key Question

Key Finding

Take Home Message

Time to event adjusted for baseline characteristics;
secondary analysis with 1:1 propensity score matching

Pooled analysis of individual participant data from STICHES and REVIVED-BCIS2 trials

Results were consistent in the propensity
matched population

N=1912

CABG+MT STICHES

PCI+MT REVIVED
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MT REVIVED

Adjusted HR of MT REVIVED vs MT STICHES 0.54
(95% CI 0.40 to 0.74), p <0.001

Adjusted HR of MT REVIVED vs MT STICHES 0.60 
(95% CI 0.48 to 0.74), p <0.001
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Primary outcome

In this pooled individual participant data analysis of 1912 patients with ischaemic left ventricular dysfunction enrolled in REVIVED-BCIS2 and 
STICHES, patients receiving medical therapy in REVIVED-BCIS2 had better outcomes than those enrolled in STICHES, regardless of treatment as-
signment. CABG, coronary artery bypass grafting; CI, confidence interval; HR, hazard ratio; MT, medical therapy; PCI, percutaneous coronary inter-
vention; REVIVED-BCIS2, Revascularization for Ischaemia Ventricular Dysfunction Trial; STICHES, Surgical Treatment for Ischaemic Heart Failure 
Trial Extension Study.

Keywords Heart failure • Ischaemic heart disease • Coronary artery disease • Revascularization

Introduction
Ischaemic left ventricular (LV) dysfunction is a common cause of heart 
failure and is increasing in incidence.1 There have been major prognostic 
advances in medical and device therapy in recent decades, but morbid-
ity and mortality rates remain high.2,3 Removing the substrate for is-
chaemia by treating diseased coronary arteries has been 
hypothesized to improve outcomes in this population, but the only 
two randomized trials to have addressed this yielded discordant 

results.4–7 In extended follow-up of the Surgical Treatment for 
Ischaemic Heart Failure trial (STICHES), recruiting participants be-
tween 2002 and 2007, treatment with coronary artery bypass grafting 
(CABG) reduced all-cause mortality over 10-year follow-up compared 
with medical therapy, though no difference was observed at the initial 
5-year analysis.5,6,8 In contrast, in the Revascularization for Ischaemic 
Ventricular Dysfunction trial (REVIVED-BCIS2), recruiting from 2013 
to 2020, treatment with percutaneous coronary intervention (PCI) 
did not reduce the combined primary endpoint of all-cause mortality 
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and hospitalization for heart failure at a median of 3.4 years from ran-
domization.7,9 It is unknown whether the contrasting outcomes of 
REVIVED-BCIS2 and STICHES were due to the different modes of re-
vascularization, advances in medical therapy or differences in patient 
characteristics, and whether CABG would still provide incremental 
benefit over the contemporary medical therapy used in 
REVIVED-BCIS2. The purpose of this study was to use a harmonized 
dataset combining full individual participant data from STICHES and 
REVIVED-BCIS2 to (i) compare the clinical outcomes of patients trea-
ted with medical therapy alone in STICHES and REVIVED-BCIS2, (ii) es-
timate whether CABG would provide incremental benefit over more 
contemporary medical therapy used in REVIVED-BCIS2, and (iii) com-
pare outcomes between CABG and PCI in patients with ischaemic LV 
systolic dysfunction.

Methods
Trial populations and randomized 
treatments
This pooled analysis combined individual participant data from the 
STICHES and REVIVED-BCIS2 trials. The rationale, design, and primary 
results of STICHES and REVIVED-BCIS2 have been published 
previously; both were prospective, multicentre, open-label, rando-
mized controlled trials.5–9 Patients were eligible for enrolment in 
STICHES if they had LV ejection fraction (EF)  ≤35% and any coronary 
artery disease (CAD) suitable for revascularization, and for 
REVIVED-BCIS2 if they had LVEF ≤35%, extensive CAD (British 
Cardiovascular Intervention Society Jeopardy Score ≥ 6), and evidence 
of viability in at least four dysfunctional myocardial segments which 
were amenable to treatment with PCI.10 Full details of inclusion and ex-
clusion criteria for each trial are included in Supplementary data online, 
Table S1. Randomization was on a 1:1 basis using permuted blocks.

All patients in both trials received medical and device therapy 
based on guidelines from trial medical therapy committees who up-
dated recommendations on an ongoing basis. In STICHES, patients ran-
domized to revascularization underwent treatment with CABG, 
including at least one internal mammary artery graft where possible. 
In REVIVED-BCIS2, patients randomized to revascularization under-
went PCI of all significant coronary lesions in major proximal vessels 
supplying viable myocardium.

Outcomes and follow-up
All patients were followed up in person at regular intervals for clinical 
and imaging outcomes. Baseline characteristics, details of assigned treat-
ment, and follow-up data were recorded using dedicated case report 
forms (CRFs). Outcomes collected included all-cause death, cardiovas-
cular death, hospitalization for heart failure, myocardial infarction, and 
LVEF. In both trials, primary and key secondary outcome events were 
adjudicated by independent clinical events committees. Outcome defi-
nitions for each trial are included in Supplementary data online, 
Table S2. In STICHES, extended follow-up continued for a minimum 
of 3.5 years and a maximum of 13.4 years; data from the full duration 
of follow-up were included in this analysis. In REVIVED-BCIS2, follow- 
up continued for a minimum of 2.0 years and a maximum of 8.7 years.

The primary outcome of this pooled analysis was the composite of 
all-cause death or hospitalization for heart failure. Secondary outcomes 
were individual components of the primary outcome, cardiovascular 
death, and myocardial infarction.

Combining individual participant data
Data from the two trial CRFs were combined into a harmonized data-
set. Full 10-year data from the STICHES trial were used in preference to 
the initial 5-year follow-up, in order to utilize the maximum amount of 
data, recognizing that the follow-up duration would differ between 
trials regardless of the source of data used. The two trial CRFs were 
reviewed to identify common variables (baseline and outcomes), and 
a harmonized dataset was assembled. Outcome definitions in each trial 
were reviewed to ensure consistency (see Supplementary data online, 
Table S2). Participants were divided into four groups based on trial en-
rolment and treatment assignment: CABG + medical therapy in 
STICHES (CABG + MT STICHES), medical therapy alone in STICHES 
(MT STICHES), PCI + medical therapy in REVIVED-BCIS2 (PCI + MT 
REVIVED), and medical therapy alone in REVIVED-BCIS2 (MT 
REVIVED). Missing baseline data were imputed after the datasets 
were combined using multiple imputation by chained equations, assum-
ing missingness was at random and stratified by trial. These imputed 
data were included in the reported baseline characteristics, adjustment, 
and propensity matching.

Statistical analysis
In accordance with our hypotheses, between-group comparisons of 
interest were as follows: (i) MT REVIVED vs. MT STICHES, (ii) PCI +  
MT REVIVED vs. CABG + MT STICHES, and (iii) MT REVIVED vs. 
CABG + MT STICHES and (iii) PCI + MT REVIVED vs. CABG + MT 
STICHES. Between-trial differences in baseline characteristics were 
compared with unpaired t-tests or Mann–Whitney tests, depending 
on the normality of distribution. Kaplan–Meier survival plots were 
used to estimate and present cumulative event rates for all four groups. 
Parametric survival models using the Weibull method were used to 
examine differences in the outcome across the four groups of interest. 
We used a maximum likelihood estimation parametric regression sur-
vival time model, with a Weibull distributional form of the error term. 
We report hazard ratios (HRs) and 95% confidence intervals (CIs) with 
MT STICHES as the reference group and all four groups included in the 
model. The proportional hazards assumption was evaluated using log– 
log plots.

Outcomes were analysed as intention-to-treat on a time-to-first 
event basis, with time measured from randomization to the first event 
or censoring. All analyses were adjusted for established determinants of 
risk, including age, sex, ethnicity, body mass index, systolic blood pres-
sure, diastolic blood pressure, heart rate, current smoking, hyperten-
sion, diabetes, history of myocardial infarction, previous PCI, previous 
CABG, chronic kidney disease, peripheral vascular disease, presence 
of an implantable cardioverter defibrillator, LVEF, LV end-systolic vol-
ume index, number of diseased coronary arteries, New York Heart 
Association functional class, Canadian Cardiovascular Society angina 
grade, treatment with angiotensin-converting enzyme inhibitor, and 
treatment with beta-blocker.

A sensitivity analysis was carried out using nearest neighbour pro-
pensity score matching for each pairwise comparison of interest. The 
propensity score was calculated only on age, sex, diabetes, chronic kid-
ney disease, extent of CAD, and LVEF, to ensure good balance on the 
covariates that were a priori considered to be the most clinically im-
portant. The approach implemented 1-to-N nearest neighbour match-
ing with no replacement, allowing multiple matches from the larger of 
the two groups within a 0.05 calliper width. Following the matching 
processes, we used parametric survival models (one for each pairwise 
comparison) controlling for all covariates previously mentioned 
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(including those used for the generation of the propensity score). As 
REVIVED-BCIS2 participants were recruited in the UK, we performed 
a sensitivity analysis with a subset of STICHES patients recruited in 
comparable healthcare systems (North America, Western Europe, 
and Poland). All analyses were performed with Stata, version 18.

Results
A total of 1912 participants were included in the pooled dataset, 610 
CABG + MT STICHES, 602 MT STICHES, 347 PCI + MT REVIVED, 
and 353 MT REVIVED. Enrolment to STICHES was from 24 July 
2002 to 5 May 2007 and to REVIVED-BCIS2 from 28 August 2013 
to 19 March 2020. The median age was 63.6 [standard deviation 
(SD) 10.2] years, 1678 (87.8%) participants were male, and 451 
(23.6%) were of non-white ethnicities. The mean LVEF was 26.7% 
(SD 6.3%). Details of the missing data are included in Supplementary 
data online, Table S3. In REVIVED-BCIS2, 12 (3.7%) patients assigned 
to PCI did not undergo the procedure, whilst 37 (10.5%) of patients 
in the MT arm underwent unplanned revascularization. In STICHES, 
55 patients (9%) assigned to CABG did not undergo the procedure, 
whilst 119 (19.8%) had CABG performed at any point before the com-
pletion of long-term follow-up, 66 (11%) of whom were within 1 year 
of enrolment.

Compared with STICHES, patients enrolled in REVIVED-BCIS2 
were older, equally likely to be male, and less likely to be of non-white 
ethnicity, had a higher prevalence of chronic kidney disease and a lower 
prevalence of prior myocardial infarction (Table 1). Enrolment to 
REVIVED-BCIS2 was from 40 sites exclusively in the UK, whereas par-
ticipants in STICHES were enrolled from 127 sites in 26 countries. 
Details of the propensity score-matched populations are reported in 
Supplementary data online, Tables S4–S6.

The median (inter-quartile range) duration of follow-up was 118 
(109–132) months in STICHES and 41 (28–60) months in 
REVIVED-BCIS2. Follow-up for the primary outcome was ascertained 
at final follow-up in 1881 patients (98.3%). In total, 1117 participants 
(58.4%) experienced a primary outcome event at a mean of 57 ± 41 
months; unadjusted event rates were 404 (66%) in CABG + MT 
STICHES, 129 (37%) in PCI + MT REVIVED, 450 (75%) in MT 
STICHES, and 134 (38%) in MT REVIVED. Unadjusted event rates 
for secondary outcomes are summarized in Supplementary data 
online, Table S7.

Primary outcome
In the adjusted analysis of the whole study population, participants in 
PCI + MT REVIVED and MT REVIVED were less likely to experience 
a primary outcome event than those in MT STICHES (HR 0.59, 95% 
CI 0.47–0.74, P < .001 and HR 0.60, 95% CI 0.48–0.74, P < .001, re-
spectively, Figure 1 and Table 2). The propensity score-matched analysis 
confirmed these results, with participants in MT REVIVED less likely to 
experience a primary outcome event than participants in MT STICHES 
(HR 0.46, 95% CI 0.34–0.62, P < .001, Figure 2 and Table 2). The pre-
dicted median event-free survival time was 145 (95% CI 95–196) 
months in MT REVIVED and 57 (95% CI 47–64) months in MT 
STICHES, a difference of 88 months.

Participants in CABG + MT STICHES experienced a greater number 
of primary outcome events than those in MT REVIVED (Figure 1 and 
Table 2). In those who received revascularization, enrolment in 
CABG + MT STICHES was not associated with incremental benefit, 

compared with PCI + MT REVIVED (Figure 1 and Table 2). The results 
were consistent in the propensity score-matched population (Figure 2).

Secondary outcome
The number of deaths from any cause, cardiovascular deaths, first hos-
pitalizations for heart failure, and myocardial infarctions were 982 
(51.4%), 708 (37.0%), 463 (24.2%), and 147 (7.7%), respectively. The 
occurrence of all-cause and cardiovascular death was higher in the 
MT STICHES alone compared with CABG + MT STICHES, PCI + MT 
REVIVED, or MT REVIVED alone (with similar rates in the latter 
groups) (Table 3). Compared with CABG + MT STICHES, first hospital-
ization for heart failure was more frequently observed in MT STICHES 
but less frequently observed in both PCI + MT REVIVED and MT 
REVIVED (Table 3). Assignment to CABG + MT STICHES was asso-
ciated with a lower hazard for myocardial infarction compared with as-
signment to MT STICHES, PCI + MT REVIVED, or MT REVIVED 
(Table 3).

In the propensity score-matched analysis for secondary outcomes, 
participants in PCI + MT REVIVED were less likely to die from any cause 
than in the CABG + MT STICHES group (Table 3), with similar trends 
for MT REVIVED vs. MT STICHES and MT REVIVED vs. CABG + MT 
STICHES. No between-group differences were observed for cardiovas-
cular death (Table 3). Hospitalization for heart failure occurred less of-
ten in REVIVED-BCIS2 patients than in either arm of STICHES. 
Enrolment in CABG + MT STICHES was associated with a lower risk 
of myocardial infarction than both REVIVED-BCIS2 groups across all 
comparisons.

Sensitivity analysis
Baseline characteristics of STICHES patients recruited in North 
America, Western Europe, and Poland are reported in 
Supplementary data online, Table S8. In the sensitivity analysis incorpor-
ating only these patients, both the PCI + MT REVIVED and MT 
REVIVED groups had lower rates of the primary outcome than patients 
in MT STICHES (HR 0.57, 95% CI 0.44–0.73, P < .001 and HR 0.58, 95% 
CI 0.45–0.74, P < .001, respectively, Supplementary data online, 
Figure S5 and Table S9). The occurrence of the primary outcome did 
not differ between CABG + MT STICHES and MT STICHES in this sub-
population (HR 0.88, 95% CI 0.73–1.05, P = .162). The results were 
consistent in the propensity score-matched populations (see 
Supplementary data online, Table S9).

Discussion
Our key findings are that in patients with ischaemic LV dysfunction (i) 
outcomes of patients treated with MT alone were better in 
REVIVED-BCIS2 than in STICHES, (ii) a strategy of CABG and MT in 
STICHES was not associated with an incremental survival benefit 
when compared with MT alone in REVIVED-BCIS2, and (iii) a strategy 
of CABG and MT in STICHES was not associated with an incremental 
benefit in all-cause mortality and heart failure hospitalization, when 
compared with PCI and MT as delivered in REVIVED-BCIS2 
(Structured Graphical Abstract).

This is the first analysis to utilize individual participant data from ran-
domized trials that investigated the role of coronary revascularization in 
ischaemic LV dysfunction. Notwithstanding the fact that allocation to 
revascularization or medical therapy was by randomization, whereas 
between-trial comparisons are observational, this highly curated and in-
dependently adjudicated dataset affords unique insights into the 
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Table 1 Baseline characteristics of the pooled population

CABG + MT  
STICHES n = 610

PCI + MT REVIVED  
n = 347

MT STICHES  
n = 602

MT REVIVED  
n = 353

Total  
n = 1912

P-value

Age, years 60.6 ± 9.0 70.0 ± 9.0 60.0 ± 9.6 68.8 ± 9.1 63.6 ± 10.2 <.001

Male sex, n(%) 537 (88) 302 (87) 527 (88) 312 (88) 1678 (88) .962

Ethnicity, n (%) <.001

White 407 (67) 306 (88) 420 (70) 328 (93) 1461 (76)

Asian 107 (18) 32 (9) 102 (17) 17 (5) 258 (14)

Black 18 (3) 3 (1) 13 (2) 3 (1) 37 (2)

Mixed/other 78 (13) 6 (2) 67 (11) 5 (1) 156 (8)

Body mass index, kg/m2 27.2 ± 4.7 28.4 ± 5.5 27.4 ± 4.9 28.7 ± 5.4 27.8 ± 5.1 <.001

Heart rate, b.p.m. 76 ± 16 70 ± 12 74 ± 14 69 ± 12 73 ± §4 <.001

Systolic blood pressure, mmHg 121 ± 18 125 ± 20 121 ± 17 125 ± 20 123 ± 19 <.001

Diastolic blood pressure, mmHg 75 ± 11 71 ± 12 76 ± 11 72 ± 12 74 ± 14 <.001

Current smoking, n (%) 130 (21) 61 (18) 122 (20) 75 (21) 388 (20) .470

Diabetes, n (%) 240 (39) 136 (39) 238 (40) 153 (43) 767 (40) .427

Chronic kidney disease, n (%) 49 (8) 73 (21) 45 (8) 56 (16) 223 (12) <.001

Previous MI, n (%) 462 (76) 175 (50) 472 (78) 197 (56) 1306 (68) <.001

Previous PCI, n (%) 82 (13) 66 (19) 74 (12) 76 (22) 298 (16) <.001

Previous CABG, n (%) 22 (4) 12 (4) 14 (2) 22 (6) 70 (4) .034

Peripheral vascular disease, n (%) 89 (15) 48 (14) 95 (16) 46 (13) 278 (15) .295

No. of diseased coronary arteries, n (%) <.001

0/1 148 (24) 36 (10) 159 (26) 39 (11) 382 (20)

2 233 (38) 178 (51) 229 (38) 166 (47) 806 (42)

3 229 (38) 133 (38) 214 (36) 148 (42) 724 (38)

LVEF, % 26.7 (6.1) 27.0 (6.6) 26.4 (6.0) 27.0 (6.9) 26.7 (6.3) .438

LVESVi, mL/m−2 84.5 (42) 69.1 (30) 83.3 (41) 68.3 (28) 77.5 (37) <.001

NYHA class, n (%) <.001

I/II 384 (63) 265 (77) 381 (63) 248 (70) 1278 (67)

III/IV 226 (37) 80 (23) 221 (37) 102 (29) 629 (33)

CCS class, n (%) <.001

0 217 (36) 228 (66) 225 (37) 236 (67) 906 (48)

I/II 361 (59) 111 (32) 351 (58) 107 (31) 930 (49)

III/IV 32 (5) 7 (2) 26 (4) 8 (2) 73 (4)

RAAS inhibitor, n (%)* 567 (93) 308 (89) 544 (90) 317 (90) 1736 (91) .840

Beta-blocker, n (%) 507 (83) 315 (91) 529 (88) 319 (90) 1670 (87) .001

Mineralocorticoid receptor antagonist, n (%) 280 (46) 176 (51) 276 (46) 170 (48) 902 (47) .13

Implantable cardioverter–defibrillator, n (%) 15 (3) 77 (22) 14 (2) 71 (20) 177 (9) <.001

P-values report between-trial comparisons.
CABG + MT STICHES, coronary artery bypass grafting plus medical therapy in STICHES; CCS, Canadian Cardiovascular Society; LVEF, left ventricular ejection fraction; LVESVi, left 
ventricular end-systolic volume index; MI, myocardial infarction; MT REVIVED, medical therapy in REVIVED-BCIS2; MT STICHES, medical therapy in STICHES; NYHA, New York 
Heart Association; RAAS, renin–angiotensin–aldosterone system; PCI + MT REVIVED, percutaneous coronary intervention plus medical therapy in REVIVED-BCIS2.
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prognostic impact of evolution of medical therapy as well as the relative 
efficacy of the revascularization strategies. The close reproduction of 
the initial within-trial results in the propensity matched population sup-
ports our statistical approach and the robustness of this analysis.

Our key finding of marked improvement in outcomes of medically trea-
ted patients is striking though consistent with the wider heart failure litera-
ture.11,12 In the two decades between the recruitment of the first 
STICHES participant and final follow-up of REVIVED-BCIS2, development 
of new pharmacological treatment continued at pace. This included the 
first randomized trial evidence for eplerenone, sacubitril/valsartan, and 
the sodium–glucose cotransporter 2 inhibitors dapagliflozin and empagli-
flozin.13–16 Whilst it might be expected that outcomes of the control 
groups in these pharmacologic trials also improved over time, ours is 
the first observation of this effect specific to patients with ischaemic LV 
dysfunction considered for revascularization. Utilization of implantable 
cardiac device therapy also increased substantially over this period, as evi-
denced by the fact that approximately half of all patients in 
REVIVED-BCIS2 have received an implantable cardioverter–defibrillator 
by the end of follow-up. Our estimate of 88 additional months of event- 
free survival between the two trials is particularly notable given the char-
acteristics of patients enrolled in REVIVED-BCIS2. Participants were an 
average of 10 years older with a higher prevalence of chronic kidney dis-
ease, both of which are key predictors of all-cause mortality.

Whilst we have hypothesized that the improvement in outcomes is 
due to an improvement in medical therapy, the observed differences 
may relate to other unmeasured differences in the trial populations. 
For instance, REVIVED-BCIS2 recruited solely in the UK, whilst 
STICHES was an international trial recruiting in 26 countries with poten-
tially wider variation in health systems and social determinants of care. 
These differences may have affected event rates and treatment effects, 
given that development in systems of care, the widespread deployment 
of multidisciplinary teams, and community heart failure services have 
been shown to reduce mortality and rehospitalizsation.17 Although 

we adjusted for measured baseline confounders, unmeasured baseline 
differences in the populations may also underlie the observed 
differences, including differences in the trial inclusion criteria. 
REVIVED-BCIS2 required the presence of extensive myocardial viability 
for enrolment, and whilst secondary analyses of STICHES indicate that 
most patients in STICHES had extensive viability, it is possible that the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 The primary outcome of all-cause death or 
hospitalization for heart failure in the pooled and 
propensity score-matched populations

Hazard 
ratio

95% CI P-value

Pooled, adjusted population

MT STICHES Reference group

CABG + MT STICHES 0.80 0.70–0.92 .001

PCI + MT REVIVED 0.59 0.47–0.74 <.001

MT REVIVED 0.60 0.48–0.74 <.001

Propensity score-matched population

MT REVIVED vs. MT STICHES 0.46 0.34–0.62 <.001

MT REVIVED vs. CABG + MT  
STICHES

0.62 0.45–0.84 .002

PCI + MT REVIVED vs. CABG  
+ MT STICHES

0.61 0.43–0.87 .007

CABG + MT STICHES, coronary artery bypass grafting plus medical therapy in 
STICHES; CI, confidence interval; MT REVIVED, medical therapy in REVIVED-BCIS2, 
MT STICHES, medical therapy in STICHES; PCI + MT REVIVED, percutaneous 
coronary intervention plus medical therapy in REVIVED-BCIS2.

Figure 1 Kaplan–Meier plot of event-free survival for the primary outcome of all-cause death or hospitalization for heart failure in the whole popu-
lation. CABG + MT STICHES, coronary artery bypass grafting plus medical therapy in STICHES; MT REVIVED, medical therapy in REVIVED-BCIS2; MT 
STICHES, medical therapy in STICHES; PCI + MT REVIVED, percutaneous coronary intervention plus medical therapy in REVIVED-BCIS2
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inclusion of those without viability creates a higher-risk population.18,19

Likewise, the need for mitral valve surgery was an exclusion from 
REVIVED-BCIS2 but not from STICHES, and the representation of pa-
tients with significant valve disease could also lead to worse observed 
outcomes.

Another postulated explanation for the different results of the 
REVIVED and STICHES trials was that PCI and CABG are mechanistic-
ally distinct treatment modalities and hence might be associated with 
different long-term prognostic impact. Although there have been nu-
merous randomized trials comparing PCI with CABG, reduced LVEF 
has been a ubiquitous exclusion criterion.20–22 Our finding that PCI 
in REVIVED was associated with better outcomes than CABG in 
STICHES should be interpreted with the important caveat that we 
have compared strategies rather than revascularization modalities per 
se; adjunctive medical therapy is an integral component of these strat-
egies in both trials. Given the margin of prognostic difference in the 
medical therapy used in the two trials, the comparisons between 
CABG and PCI arms are speculative and should be treated as hypoth-
esis generating only. Furthermore, the previously referenced trials com-
paring CABG and PCI have generally favoured CABG, as have 
meta-analyses and observational studies in populations with reduced 
LVEF.23,24 A recent in silico analysis leveraging routinely collected data 
from more than 13 000 patients in England who matched the 
STICHES inclusion criteria concluded that PCI was associated with a 
significantly higher rate of mortality and cardiovascular hospitalization 
than CABG.25 A meta-analysis of five randomized trials of coronary re-
vascularization in chronic heart failure due to CAD showed a lower risk 
of all-cause mortality, but that the difference was neither substantial nor 
robust; the authors concluded that further trials were required.26

Ultimately, two key questions remain. The first is whether CABG re-
mains superior to contemporary medical therapy alone in patients 
with ischaemic LV dysfunction and stable CAD of the type 

recruited to REVIVED-BCIS2 and STICH. The MASS-VI (HF) trial 
(ISRCTN77449548), a single centre randomized trial assessing the in-
cremental value of CABG in 600 patients with ischaemic LV dysfunction 
with evidence of ischaemia myocardial viability who are receiving med-
ical therapy, has recently been completed. The primary outcome is a 
composite of all-cause death, non-fatal myocardial infarction, stroke, 
and unstable angina requiring reintervention. The results are anticipated 
in September 2025.27 How definitively this trial changes the evidence 
base will depend on the characteristics of the enrolled population 
and generalizability of results from a single centre to international 
practice.

The second question is a robust comparison of the two revascular-
ization modalities in a head-to-head trial that seeks to answer the ques-
tion of whether CABG is superior to PCI in patients with CAD, LV 
dysfunction, and a clear indication for revascularization (predominantly 
angina and acute coronary syndromes) who are receiving optimal med-
ical therapy. A family of harmonized randomized trials is currently un-
derway (ISRCTN29654606, NCT05427370,28 and NCT05584280) or 
planned, under the umbrella of the STICH3 consortium. These trials 
will be unique as the first direct comparison of CABG and PCI in this 
patient population, reflecting a randomized evolution of the current 
data, albeit with a subtle difference in indication.

Our study has some limitations. As discussed above, the between- 
trial comparisons are observational and we can only hypothesize as 
to the drivers of difference in outcome. Given the striking difference 
in outcome between medical therapy groups, this is particularly rele-
vant to observations involving CABG and PCI which should only be 
considered hypothesis generating; we can neither make statements 
on the incremental benefit of CABG over contemporary medical ther-
apy, nor the relative benefits of PCI and CABG in this context. Second, 
due to limitations in the trial CRF data collection, we were not able to 
fully quantify changes in medical therapy: whilst the prescribed 

A

Figure 2 Parametric survival analysis comparing occurrence of the primary outcome between (A) MT REVIVED and MT STICHES, (B) MT REVIVED 
and CABG + MT STICHES, and (C ) PCI + MT REVIVED and CABG + MT STICHES in the 1-to-N propensity score-matched population. CABG + MT 
STICHES, coronary artery bypass grafting plus medical therapy in STICHES; CI, confidence interval; MT REVIVED, medical therapy in REVIVED-BCIS2; 
MT STICHES, medical therapy in STICHES; PCI + MT REVIVED, percutaneous coronary intervention plus medical therapy in REVIVED-BCIS2
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medication classes were recorded, details on doses were not collected 
in either trial. Newer agents such as angiotensin receptor–neprilysin in-
hibitors and sodium–glucose cotransporter 2 inhibitors were not avail-
able during STICHES or the early phase of REVIVED-BCIS2; their 
unmeasured use later in REVIVED-BCIS2 may account for some of 
the difference in outcomes of medically treated patients. Data on sta-
tins and antiplatelets were also not included in the combined trial 
eCRF, though there is limited evidence of an outcome benefit of these 
agents in a heart failure population. There were significant differences in 

the period of enrolment, health systems, and age of the populations. 
Although we attempted to control for measured confounding, we 
were constrained by available information, and there is always unmeas-
ured confounding risk in observational studies that use propensity 
matching approaches. Our pre-specified plan for adjustment and pro-
pensity matching did not include blood pressure or creatinine, which 
are powerful markers of prognosis and may have improved the analysis, 
though the populations were generally well matched. We analysed ran-
domized clinical trials which collected identical or very similar 

B

Figure 2 Continued

C

Figure 2 Continued
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Table 3 Secondary outcomes in the pooled and propensity score-matched populations

Secondary outcomes Hazard ratio 95% CI P-value

All-cause death

Pooled, adjusted population

MT STICHES Reference group

CABG + MT STICHES 0.83 0.72–0.97 .015

PCI + MT REVIVED 0.67 0.52–0.85 .001

MT REVIVED 0.71 0.56–0.90 .004

Propensity score-matched population

MT REVIVED vs. MT STICHES 0.60 0.42–0.84 .003

MT REVIVED vs. CABG + MT STICHES 0.68 0.49–0.95 .023

PCI + MT REVIVED vs. CABG + MT STICHES 0.67 0.46–0.96 .031

Cardiovascular death

Pooled, adjusted population

MT STICHES Reference group

CABG + MT STICHES 0.78 0.66–0.92 .004

PCI + MT REVIVED 0.67 0.50–0.89 .007

MT REVIVED 0.78 0.59–1.02 .070

Propensity score-matched population

MT REVIVED vs. MT STICHES 0.73 0.49–1.07 .108

MT REVIVED vs. CABG + MT STICHES 0.87 0.58–1.30 .497

PCI + MT REVIVED vs. CABG + MT STICHES 0.79 0.51–1.22 .286

Hospitalization for heart failure

Pooled, adjusted population

MT STICHES Reference group

CABG + MT STICHES 0.71 0.57–0.87 .001

PCI + MT REVIVED 0.47 0.33–0.67 <.001

MT REVIVED 0.47 0.33–0.66 <.001

Propensity score-matched population

MT REVIVED vs. MT STICHES 0.38 0.24–0.59 <.001

MT REVIVED vs. CABG + MT STICHES 0.60 0.37–0.97 .037

PCI + MT REVIVED vs. CABG + MT STICHES 0.40 0.23–0.70 .001

Myocardial infarction

Pooled, adjusted population

MT STICHES Reference group

CABG + MT STICHES 0.61 0.37–0.98 .042

PCI + MT REVIVED 1.87 1.09–3.19 .023

MT REVIVED 1.92 1.14–3.24 .015

Propensity score-matched population

MT REVIVED vs. MT STICHES 2.30 1.13–4.67 .021

MT REVIVED vs. CABG + MT STICHES 3.86 1.58–9.40 .003

PCI + MT REVIVED vs. CABG + MT STICHES 3.65 1.27–10.46 .016

CABG + MT STICHES, coronary artery bypass grafting plus medical therapy in STICHES; CI, confidence interval; MT REVIVED, medical therapy in REVIVED-BCIS2; MT STICHES, medical 
therapy in STICHES; PCI + MT REVIVED, percutaneous coronary intervention plus medical therapy in REVIVED-BCIS2.
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information, although we acknowledge that all changes in practice over 
time will not have been necessarily captured in the datasets. For the sur-
vival models that included all four arms, we could not account for ran-
dom effects (intercept) across the two trials. Our initial analysis plan 
was to use the first 5 years of STICH trial data; however, we revised 
the analysis plan early on to include the extended follow-up data, to 
make maximal use of the available data. The resulting difference in 
follow-up time may have influenced the findings, though our 
time-to-event analysis should minimize the potential impact of this dif-
ference, particularly given the treatment effect of CABG in STICH was 
consistent over time, with a statistically significant benefit developing 
due to the larger number of events with longer follow-up. There was 
a strong predominance of white and male patients in both trials, and ap-
plicability to female patients and other ethnicities is less certain. There 
were some differences in outcome definitions and adjudication which 
may have impacted the secondary outcomes. The change in biomarkers 
used to diagnose myocardial infarction from STICHES (creatine kinase 
myocardial band (CK-MB) and low-sensitivity troponin assays) to 
REVIVED-BCIS2 (high-sensitivity troponin assays) may have affected 
the frequency of this outcome. Finally, patients with a recent acute cor-
onary syndrome or limiting angina were excluded (per-protocol criteria 
and/or as applied by investigators) from both STICHES and 
REVIVED-BCIS2 and hence the results of our analysis should not be ex-
trapolated to these clinical scenarios.

Conclusions
Medical therapy in the recent REVIVED trial was associated with better 
outcomes than medical therapy in the older STICHES trial, in keeping 
with the use of more prognostically impactful therapies over time. 
The relative efficacy of revascularization modalities needs to be com-
pared directly in patients with ischaemic LV dysfunction, and in these 
trials, all patients should receive contemporary medical therapy. 
Likewise, consideration should be given to updating the evidence for 
CABG against contemporary medical therapy in this population.
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