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Abstract The role of myocardial revascularization in heart failure (HF) patients with coronary artery disease by either percutaneous 
coronary intervention (PCI) or coronary artery bypass graft surgery (CABG) is controversial. For patients with HFrEF, prior 
to the advances in pharmacological heart failure therapy over the last 10 years, evidence suggests a modest, long-term bene
fit of CABG over guideline-recommended medical therapy. In the era of modern medical therapy, revascularization had no 
benefit in HFrEF. Whether a patient with HF and CAD should be advised to have revascularization and, if so, which pro
cedure remains unclear and should be discussed by the heart team given the limited and conflicting evidence. Evidence 
for viability or ischaemia-guided selection strategies is controversial. In all cases with HF, establishing and optimizing guide
line-directed medical therapy (GDMT) and device therapy is required. When HF symptoms dominate despite GDMT, add
itional invasive procedures are not indicated. When angina persists despite GDMT and device therapy, revascularization 
should be considered. The choice of revascularization procedure should be discussed in the heart team, considering symp
toms and ischaemic burden, surgical risk, coronary complexity, and the applicable HF treatment.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Revascularization • Heart failure • Coronary artery bypass graft • Percutaneous coronary intervention

* Corresponding author. Email: bernhard.haring@meduniwien.ac.at
† The authors contributed equally.
© The Author(s) 2026. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and 
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

Introduction
Coronary artery disease (CAD) is a common cause of heart failure 
(HF).1–5 The mechanisms underlying the development of HF in patients 

with CAD are either the occurrence of acute coronary syndromes or 
the progressive decline in cardiac function explained by a combination 
of scar tissue and areas of dysfunctional but still viable myocardium 
(stunning or hibernating myocardium).6
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CAD adds to the poor prognosis of HF.7,8 The rationale for revascu
larization has been based on the hypothesis of reducing chronic ischae
mia and restoring the function of hibernating myocardium.9 However, 
while in non-HF patients the prognostic and symptomatic benefits of 
myocardial revascularization critically depend on the completeness of 
revascularization, little is known on the role of revascularization in pa
tients with HF.9 By ensuring normal coronary blood flow, the under
lying hypothesis is to restore and save ischaemic, but still vital, 
myocardial tissue from irreversible damage (reversal of myocardial hi
bernation or stunning). This has been thought to possibly lead to an im
provement in contractile cardiac function and in prognosis.

According to current HF guidelines from the European Society of 
Cardiology (ESC), coronary revascularization may be considered to im
prove outcomes in patients with HFrEF, chronic coronary syndrome, 
and coronary anatomy suitable for revascularization, after careful evalu
ation of the individual risk-to-benefit ratio, including coronary anatomy 
(i.e. proximal stenosis >90% of large vessels, stenosis of left main or 
proximal LAD), comorbidities, life expectancy, and patient’s perspec
tives.10 CABG should be considered as first-choice revascularization 
due to the lack of benefit of PCI in HFrEF.10 There have been no trials 
of CABG or PCI in HFpEF or in hospitalized HF.

This expert consensus statement will present the available evidence 
on revascularization strategies in HFrEF, HFpEF, and hospitalized HF 
and propose an opinion-based management algorithm to inform clini
cians on how to manage patients with HF and multivessel coronary 
disease.

Revascularization strategies in 
HFrEF
Guidelines on HF and those on chronic CAD both recognize a potential 
role of myocardial revascularization to manage patients with HFrEF and 
CAD, but they differ in the strength of recommendations.10–12

According to the guidelines on HF, ‘revascularization’ may be consid
ered (class of recommendation II-b; level of evidence C) in patients 
with HFrEF and severe CAD. It should be considered to relieve persist
ent symptoms of angina (or an angina-equivalent) in patients with 
HFrEF, Canadian Cardiovascular Society angina class III or IV, and cor
onary anatomy suitable for revascularization, despite optimal medical 
treatment including anti-anginal drugs (class of recommendation II-a; le
vel of evidence C).10 Guidelines on chronic CAD are similar to those on 
HF but provide a higher strength of recommendation and increased le
vel of evidence (class of recommendation I; level of evidence B).12

Evidence on the role of coronary revascularization in patients with 
HFrEF stems largely from surgical trials predating the pharmacological 
advances in the treatment of HF. Evidence on the role of revasculariza
tion in patients with HFrEF and CAD derives from a limited number of 
randomized controlled trials (RCT), i.e. STICH, and its prolonged 
follow-up STICHES, PARR-2, HEART, and REVIVED-BCIS2 and from 
a small subset of patients enrolled in the COURAGE, FAME and 
ISCHEMIA trials.13–21 (Table 1)

PARR-2 trial
The PARR-2 (Positron Emission Tomography and Recovery Following 
Revascularization) trial included 430 patients with CAD and HFrEF 
(LVEF ≤35%) between 2000 and 2004, randomized to either an 
imaging-guided management or standard care.18 Patients randomized to 
the imaging strategy underwent cardiac positron emission tomography 
(PET) for the evaluation of myocardial viability and the prediction of the 
likelihood of LV function recovery, following revascularization. Invasive 
management was mandated for patients with a moderate-to-high likeli
hood of recovery after coronary revascularization and discouraged in 
those with a low probability of recovery. The primary outcome was 

defined as the composite of cardiac death, myocardial infarction or recur
rent hospital stay for cardiac cause assessed at 1 year. Overall, the study 
failed to demonstrate a reduction in cardiac events in patients randomized 
to the PET-guided management vs standard care [relative risk: 0.82 (95% 
CI: 0.59–1.14)].17 However, approximately 25% of patients with 
PET-guided revascularization did not perform any intervention, mainly 
due to lack of adherence to the study protocol. Hence, the study results 
were substantially influenced by the arbitrary decisions of physicians, intro
ducing a substantial bias in the interpretation of the findings.

HEART trial
The HEART (Heart Failure Revascularization Trial) trial was originally 
designed to enrol 800 patients with a diagnosis of HFrEF (defined as 
LVEF≤35%), CAD and evidence of a significant burden of residual myo
cardial viability on pre-enrolment imaging stress tests.13 Patients were 
subsequently randomized to either an invasive or conservative strategy. 
The study was stopped prematurely, due to slow recruitment, and only 
138 patients were finally randomized. The study was underpowered 
and no significant difference was detected between the two arms for 
the rate of all-cause mortality. However, mortality was identical in 
each arm. Also, in a CMR sub-study, despite a significantly greater im
provement in myocardial blood flow, LV function improved similarly 
with and without revascularization.22

STICH and STICHES trial
Between 2002 and 2007 the STICH (Surgical Treatment for Ischaemic 
Heart Failure) trial randomized 1212 patients with extensive CAD and 
HFrEF (LVEF ≤35%) to either surgical revascularization (CABG) plus 
GDMT vs GDMT alone. After a median follow-up of 56 months, no dif
ference was found between the 2 arms in the primary end point of all- 
cause mortality, even though CABG was associated with lower rates of 
death from cardiovascular causes and of the composite of all-cause 
mortality or cardiovascular admission.15 Patients in the CABG arm 
had higher rates of mortality than in the medical therapy arm for the 
first 2 years.15 In fact, in the Surgical Treatment for Ischaemic Heart 
Failure Extension Study (STICHES), which reported the long-term re
sults of the STICH trial, after a median follow-up duration of 9.8 years, 
there was a 16% relative risk reduction in the rate of all-cause mortality 
for the CABG group, compared with the conservative strategy arm; 
moreover, patients with three-vessel coronary disease or with a se
verely remodelled LV architecture (end-systolic volume index 
>78 ml/m2 or LVEF ≤27%) were the most likely to receive a clinical 
benefit from revascularization.16 The presence or absence of myocar
dial viability did not identify those who had more or less to gain from 
CABG.23 The presence or absence of diabetes did not identify those 
with more or less to gain from CABG.24 Younger patients (aged < 
60) appeared to benefit more than older patients.25 Since myocardial 
infarction is a minor cause of death in HFrEF (and was not systematically 
evaluated as part of STICH), the effect of CABG in the STICH study is 
currently difficult to explain.

REVIVED-BCIS2 trial
From 2013 through 2020, in the REVIVED-BCIS2 (Revascularization for 
Ischaemic Ventricular Dysfunction) trial 700 patients with HFrEF 
(LVEF ≤ 35%) and CAD were enrolled to assess the potential benefit 
of revascularization by PCI on top of GDMT.14 PCI had no effect on 
the composite of all-cause mortality and HF hospitalizations (HR 
0.99; 95% CI: 0.78–1.27) over a median observation period of approxi
mately 3.5 years. PCI had no impact on all-cause mortality or HF hos
pitalizations. PCI did not increase LVEF, did not reduce MI but was 
associated with an increase in health status at 6 months (unblinded trial) 
but not beyond.26 On the other hand, it is noteworthy to mention that 
no increased rate of periprocedural mortality was detected in the 
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REVIVED-BCIS2 trial, comparing the invasive vs the conservative arm. 
The results from the REVIVED-BCIS2 trial differ from the short-term 
follow-up findings from the STICH trial, in which the CABG procedure 
was associated with an increased risk of all-cause mortality within 30 
days after randomization.15

The REVIVED-BCIS2 study raised relevant methodological ques
tions. Importantly, the extension of CAD and the size of the ischaemic 
myocardial area were not adequately accounted for prior to the revas
cularization procedures. Besides, the concordance between the coron
ary arteries revascularized by PCI and the viable myocardial segments 
was not examined. About 50% of patients had only a two-vessel 
CAD which suggests that less severely affected individuals were en
rolled compared with those recruited in the STICH trial Functional as
sessment and coronary imaging were not mandated. Patients in 
REVIVED-BCIS2 had more severe HF symptoms than in contemporary 
trials of HF pharmacotherapy.26 REVIVED-BCIS2 was mainly com
posed of patients with a New York Heart Association (NYHA) func
tional class of I-II and of recruits with little-to-no angina whereas 
participants in the STICH trial were more likely to report symptoms 
of HF as dyspnoea (86% and 85% of patients in the invasive and conser
vative arm, respectively, reported a NYHA functional class of II-III) and 
angina (43% of the overall population suffered from class II angina, ac
cording to the classification of the Canadian Cardiovascular Society). 
The extent of ischaemia or viability did not identify a population who 
benefited from PCI compared with medical therapy.27

Additional key differences between REVIVED-BCIS2 and STICH 
were found in the patients’ population enrolled and in the underlying 
medical treatments. In a recent individual patient data analysis, patients 
in REVIVED-BCIS2 (in both treatment arms) had substantially better 
outcomes than those who received either surgery or medical therapy 
alone in STICH.28 The REVIVED-BCIS2 trial consisted of an older pa
tients’ population with a mean age of 70 and 69 years in the PCI and 
GDMT groups, respectively; whilst the median age in the STICH trial 
was 60 and 59 years in the invasive and conservative strategy arms, re
spectively.14,15 Finally, the STICH trial was conducted earlier, when dif
ferent guidelines were in place and when devices, including cardiac 
resynchronization therapy (CRT) and intracardiac defibrillators 
(ICD), now considered a critical part in the management of HF, were 
less frequently adopted.14,15

Subgroup analyses of other randomized 
controlled trials
Large CAD trials such as COURAGE, ISCHEMIA, and the FAME pro
gramme were not specifically designed to enrol patients with HF, yet 
their post-hoc analyses in subgroups with left-ventricular dysfunction 
offer insights of clinical relevance. These observations, however, must 
be interpreted with considerable caution given their exploratory nature 
and the inherent limitations of subgroup analyses.

FAME trials
Coronary pressure-derived fractional flow reserve (FFR) is the current 
standard of care for the functional assessment of lesion severity in pa
tients with intermediate-grade stenosis (typically around 40%– 90% of 
all stenosis) without evidence of ischaemia in the non-invasive assess
ments, or in those with a multivessel disease.9 In patients with reduced 
LVEF and CAD, FFR-guided revascularization has been shown to be as
sociated with lower rates of death and MACE at 5 years as compared 
with the angiography-guided strategy.29,30 This beneficial impact was 
observed in parallel with less CABG and more patients deferred to 
PCI or medical therapy.

The FAME trial (Fractional Flow Reserve vs Angiography for 
Multivessel Evaluation) demonstrated that, in patients suffering from 
a multivessel coronary disease and randomized to a FFR-guided PCI 

strategy (using a cut-off ≤0.80 to indicate requirement for PCI), there 
was a benefit in the long-term outcomes of death for any cause or 
non-fatal myocardial infarction, compared with angiography-guided 
PCI.31–33 The FAME-2 trial randomized 888 patients with stable 
CAD (approximately 17% had an LVEF <50%) in whom at least one 
coronary stenosis was functionally significant (FFR, ≤0.80) to 
FFR-guided PCI plus the best available medical therapy or the best avail
able medical therapy alone.34 The primary end point was a composite 
of death, myocardial infarction, or urgent revascularization. FFR-guided 
PCI plus the best available medical therapy, as compared with the best 
available medical therapy alone, decreased the need for urgent revascu
larization. However, in patients without ischaemia, the outcome ap
peared to be favourable with the best available medical therapy 
alone. The FAME-3 trial randomized 1500 patients with 3-vessel coron
ary disease (not involving the left main coronary artery) and amenable 
to revascularization to undergo CABG or FFR-guided PCI with 
current-generation drug-eluting stents.35,36 The primary end point 
was the occurrence within 1 year of a major adverse cardiac or cere
brovascular event, defined as death from any cause, myocardial infarc
tion, stroke, or repeat revascularization. Individuals with an LVEF <30% 
were excluded, but 267 participants had an LVEF between 30% and 
50% (137 in the PCI vs 130 in the CABG group). The overall results 
of the FAME-3 trial indicate that FFR-guided PCI does not meet the cri
teria for noninferiority compared with CABG. The 1-year incidence of 
the composite primary end point was 10.6% among patients randomly 
assigned to PCI and 6.9% among those assigned to CABG (HR, 1.5; 95% 
CI: 1.1–2.2). Further subgroup analysis among individuals with a re
duced LVEF did not show any statistical difference in the primary end 
point between revascularization strategies.36 At 3 years, no difference 
was noted between the two arms but myocardial infarction and repeat 
revascularization were both higher with PCI.37

It is important to emphasize that the FAME trials did not require via
bility assessment for inclusion. The FAME trials focused exclusively on 
identifying physiologically significant lesions (functional ischaemia) using 
FFR to guide revascularization.

COURAGE trial
The COURAGE (Clinical Outcomes Utilizing Revascularization and 
Aggressive Drug Evaluation) trial enrolled 2287 patients with evidence 
of myocardial ischaemia and obstructive CAD between 1999 and 
2004.20 This was not a dedicated HF trial. It tested whether an initial 
management strategy of PCI with optimal medical therapy was superior 
to optimal medical therapy alone in reducing the risk of death or MI. 
Medical treatment consisted of lifestyle and pharmacologic therapy 
with aspirin, statins, ACE-I/ARBs, beta-blockers, calcium channel block
ers, and nitrates. After a median follow-up of 4.6 years, revasculariza
tion with PCI in addition to optimal medical therapy did not reduce 
the risk of death, myocardial infarction, or other major cardiovascular 
events compared with medical therapy alone (HR for the PCI group, 
1.05; 95% CI: 0.87–1.27; P = .62). In a small subgroup analysis, the ef
fects of a depressed LVEF and burden of CAD, defined as an LVEF 
≤50% and number of diseased coronary vessels, was further exam
ined.38 The risk of death was higher with low LVEF (HR, 1.86, 95% 
CI: 1.34–2.59; P < .001) and number of diseased coronary disease ves
sels (HR,1.45; 95% CI: 1.20–1.75; P < .001), but that risk was not de
creased by PCI.

ISCHEMIA trial
Between 2012 and 2018 the ISCHEMIA trial enrolled 5179 patients 
with moderate or severe ischaemia to an initial invasive strategy (angi
ography and revascularization when feasible) and GDMT or to an initial 
conservative strategy of GDMT alone and angiography if medical ther
apy failed.19 Patients with NYHA class III or IV heart failure or a LVEF 
less than 35% were excluded. The primary outcome was a composite 
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of death from cardiovascular causes, myocardial infarction, or hospital
ization for unstable angina, heart failure, or resuscitated cardiac arrest. 
In addition to LVEF <35%, key exclusion criteria included a recent acute 
coronary syndrome and unprotected left main stenosis of at least 50%. 
Patients were followed until June 2019 with a median duration of 
follow-up of 3.2 years. The trial did not find evidence that invasive man
agement added to GDMT reduced the risk of the primary outcome 
(HR, 0.93; 95% CI: 0.80–1.08; P = .34). A small sub-analysis of the 
ISCHEMIA trial analysed 221 participants with left ventricular dysfunc
tion, defined as LVEF ≥35% but <45% of whom 28 also had a history of 
HF prior to randomization.39 These ‘HF patients’ were not carefully 
phenotyped at baseline with cardiac imaging or cardiac biomarkers. 
There was a lower rate of the primary outcome for participants with 
left ventricular dysfunction and history of HF randomized to the initial 
invasive strategy vs conservative strategy (17.2% vs 29.3%, difference in 
4-year event rate −12.1%; 95% CI: −22.6, −1.6%), but no difference be
tween strategies in patients without HF (13.0% vs 14.6%, difference in 
4-year event rate −1.6%; 95% CI: −3.8%, 0.7%; P-interaction = .055). 
Surprisingly, there were more hospitalizations for heart failure with 
the invasive strategy as compared with the conservative strategy.

Critical appraisal of current trial evidence 
on revascularization in HFrEF
Over the past ten years, medical therapy has substantially improved the 
prognosis for HFrEF patients. Modelling analyses suggest that compre
hensive implementation of these treatments can extend life expectancy 
by several years, underscoring the transformative impact of modern 
multidimensional HF and CAD care.

The selection of an optimal revascularization strategy in HFrEF re
quires clear recognition that CABG and PCI are fundamentally different 
therapeutic modalities rather than interchangeable alternatives. Each 
carries distinct mechanisms of benefit, risk determinants and prognostic 
implications that must be weighed within the context of advanced CAD 
and impaired ventricular function. Moreover, beyond specific cardiac 
and coronary condition, the success of revascularization is related to 
comorbidity burden, frailty and neurological status.

The incremental value of CABG in the context of contemporary 
medical therapy is unknown. Recent evidence could show that patients 
with HFrEF receiving medical therapy in the REVIVED-BCIS2 trial had 
better outcomes compared with those in STICHES (with or without 
CABG surgery).28 Data from the Swedish Coronary Angiography and 
Angioplasty Registry indicate that PCI has become the revascularization 
strategy40 of choice in CAD with almost three times more procedures 
than CABG.41 Currently, no head-to-head comparison between CABG 
and PCI exists. The international STICH 3 initiative (NCT05761067) 
combines four separate international trials randomizing to CABG vs 
PCI in patients with ischaemic left ventricular dysfunction (including 
chronic HFrEF and NSTEMI with LVEF≤40%) with comparable inclu
sion criteria into a large international programme to demonstrate po
tential differences in mortality.42,43

Revascularization strategies in 
HFpEF
Very limited evidence is currently available from RCTs on the role of 
revascularization in HFpEF.44 Importantly, no randomized trial has eval
uated PCI or CABG specifically in HFpEF, and major CAD trials have 
included insufficient numbers of HFpEF patients to permit meaningful 
inference. Most information stems from small subsets of RCTs, not ori
ginally targeted to assess the HFpEF cohort, as well as from observa
tional data which suffer from inherent methodological limitations and 
predate the novel pharmacological therapeutic options.19,45–49

(Supplementary Table S1). In addition, the heterogeneous clinical 

presentation of HFpEF and the substantial overlap between symptoms 
of HF and myocardial ischaemia may complicate the identification of 
clinically relevant CAD in this population.50 Compared with HFrEF, 
the presence, extent and functional significance of CAD are often 
less systematically investigated in HFpEF, while ischaemic symptoms 
may be underrecognized or attributed to HF itself. Furthermore, 
both epicardial CAD and coronary microvascular dysfunction may 
contribute to symptoms and adverse outcomes in HFpEF, further com
plicating patient phenotyping and selection for revascularization strat
egies.51,52 Most RCT data on revascularization in HFpEF stem from 
subgroup analysis of the ISCHEMIA trial.39 There appeared to be a pos
sible benefit in favour of revascularization plus GDMT over GDMT 
alone in a small number of patients who presented a diagnosis of HF 
with a mid-range LVEF (HFmrEF); conversely, no benefit was found 
in the HFpEF cohort.39 These patients were not carefully phenotyped 
by detailed cardiac imaging or cardiac biomarkers, preventing them 
from being properly diagnosed as having HF.

Based on the available evidence, it remains unclear whether patients 
with HFpEF should undergo revascularization and which revasculariza
tion procedure, PCI or CABG, should be preferred. Current ESC 
guidelines on HF, coronary revascularization and chronic coronary 
syndrome do not provide information or recommendations for 
HFpEF.9–12 RCTs on the role of revascularization in HFpEF are lacking 
and until such evidence becomes available, multidisciplinary heart teams 
should be involved in decision-making. In addition, no evidence-based 
decisions about the role of CABG vs PCI in HFpEF can be made.

Revascularization strategies in 
acute HF and acute coronary 
syndrome
Amongst large registries of patients admitted with acute heart failure 
(AHF), up to 27% are reported to be complicated by acute coronary 
syndrome (ACS).53–56 Conversely, large registries of patients with 
ACS report that 15% had pre-existing HF and 11% had new-onset 
HF, suggesting that the clinical course of ACS may be complicated by 
HF in about one in four patients.57,58 Of the randomized trials including 
>1000 patients which assessed revascularization strategies for ACS, 
one did not report information on a prior history of HF,59 some ex
cluded those participants with a previous diagnosis of HF60,61 and, in 
two other studies, only about 14% of patients enrolled had HF.62,63

Although AHF complicating ACS and ACS occurring in patients with 
chronic HF represent distinct clinical entities, their clinical presentation 
may substantially overlap in routine practice. Acute myocardial injury, 
troponin elevation, worsening congestion and ischaemic symptoms 
frequently coexist, making it challenging to distinguish acute coronary 
instability from acute decompensation of chronic HF in some pa
tients.64–66

The presence of HF symptoms after an episode of ACS (ACS-HF) is 
a strong predictor of an adverse outcome.67 ACS-HF increases the risk 
of worsening renal function, respiratory infection and death. The prog
nosis of patients with ACS-HF is worse than when either condition oc
curs alone.68,69 In this setting, the extent and duration of ischaemia may 
contribute to progressive myocardial dysfunction, particularly in the 
presence of viable or hibernating myocardium that may still recover 
after timely revascularization.70 For patients with new-onset HF, 
most ACS events are likely to be ST-segment elevation myocardial 
infarction (STEMI), whereas for patients with chronic HF, many 
ACS events will be non-ST-segment elevation myocardial infarction 
(NSTEMI).71

Many registries report lower rates of revascularization in patients 
with ACS-HF compared with those with ACS only.72–77 In the 
GRACE (Global Registry of Acute Coronary Events) registry, only 
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20% of patients with ACS-HF were revascularized, vs 35% of those 
without ACS-HF. Patients with ACS-HF are older, have more co- 
morbidities and are more likely to present with NSTEMI.58 There are 
no dedicated randomized controlled trials specifically designed to as
sess the role of revascularization for ACS-HF.78 The 2023 ESC guide
lines for the management of ACS recommend an immediate invasive 
strategy of angiography and revascularization when feasible and appro
priate for patients with ACS-HF (level of recommendation: I; class of 
evidence: C).65 In patients presenting with cardiogenic shock complicat
ing ACS, early revascularization remains the cornerstone of manage
ment (I-C) and is associated with improved survival, although 
evidence specifically focused on patients with pre-existing HF remains 
limited.65,79

In six large, randomized trials enrolling patients with ACS, but not ori
ginally targeted to HF, a routine, early invasive strategy (early angiography 
followed by revascularization, depending on angiographic findings) was 
compared with a ‘conservative’ approach (angiography and subsequent 
revascularization only if medical therapy failed or substantial residual is
chaemia was documented).59–61,63,80,81 An early invasive approach was 
beneficial in the RITA-3,59 TACTICS–TIMI 18,61 and FRISC II63 studies. 
However, it remains unclear whether an early invasive strategy improves 
HF outcomes, including mortality, for patients with ACS-HF. A reduction 
in mortality was only reported in the FRISC II trial and applied only to 
men.63 Moreover, three of these RCTs60,61,80 excluded patients with 
HF, two provided no information (both in terms of population recruited 
and on outcomes) on HF59,81 and only one63 enrolled a small (13% of the 
overall population) subset of participants with an LVEF <45%. Even less 
information is available for older patients who are under-represented in 
clinical trials of revascularization.82 The SENIOR-RITA trial evaluated the 
efficacy of an invasive approach plus GDMT over GDMT alone in 1518 
patients aged >75 years presenting with an ACS, of whom only 143 
(9%) had a history of HF.83 The invasive strategy reduced the risk of myo
cardial infarction but not hospitalization for HF, cardiovascular death or 
all-cause mortality.

Only modest evidence is currently available on the role of coronary 
revascularization, either by PCI or CABG, in patients with ACS-HF. 
Current recommendations rely only on experts’ opinion, based on ob
servational studies which provided very limited data on patients with 
HF, particularly for those with HFpEF.65 Further randomized trials 
are warranted to determine the optimal management of ACS-HF, par
ticularly for those with pulmonary congestion that can make invasive 
procedures challenging to deliver.

Medical therapy for ischaemic heart 
disease and heart failure
General advice about risk factors, prevention and treatment of HF with 
ischaemic heart disease has been outlined elsewhere.10 Medical therapy 
for ischaemic heart disease with the aim of angina symptom control 
should be tailored to each patient’s haemodynamic profile (blood pres
sure, heart rate), presence of HFpEF or HFrEF, potential drug interac
tions, preferences, and take into account the pathophysiological basis of 
myocardial ischaemia in each patient, as well as local availability of dif
ferent drugs.12,84,85 Currently, the empirical paradigm for the selection 
of anti-ischaemic medical therapy consists of a hierarchical, stepwise ap
proach including first-line (beta-blockers, calcium-channel blockers) 
and second-line drugs (long-acting nitrates, nicorandil, ranolazine, ivab
radine, trimetazidine).12,86,87

The decision to treat patients with HF with antiplatelet therapy re
mains largely influenced by the presence or absence of concomitant ar
terial disease and arterial intervention. The utility of oral anticoagulant 
and/or antiplatelet therapy has never been evaluated in an adequately 
powered dedicated clinical trial of HF patients in sinus rhythm. Two 

large RCTs, including mainly patients with HFrEF, as well as a 
meta-analysis of 24 RCTs, showed no benefit of statin treatment on 
CV mortality or stroke in patients with HFrEF.88–91 Current ESC HF 
guidelines do not recommend the routine use of statins in patients 
with HF without other indications for their use (e.g. CAD).10

Consistent evidence on the use of colchicine in HF with coronary multi
vessel disease is missing.

Regarding medical therapy for heart failure, remarkable advances 
have been made in treatment of HFrEF and HFpEF over the past few 
years, such as the introduction of angiotensin receptor–neprilysin in
hibitor and sodium–glucose cotransporter 2 inhibitors, resulting in a 
substantial improvement of prognosis (Supplementary Figure S1 and 
Supplementary Figure S2).10,92–94 Additionally, CRT, in combination 
with an ICD, decreased the risk of death and HF-related events in pa
tients with HFrEF exhibiting a wide QRS complex in the ECG.95,96 The 
COAPT and RESHAPE-HF2 trial showed that in symptomatic patients 
with HF and severe mitral regurgitation, transcatheter mitral 
edge-to-edge repair on top of GDMT led to a lower rates of HF hospi
talization or cardiovascular death better health status than medical ther
apy alone.97–99 Other measures, which might be considered, are 
pulmonary vein isolation ablation in case of concurrent atrial fibrillation, 
intravenous iron repletion for patients with iron deficiency, percutaneous 
implantation of pulmonary artery pressure sensors for monitoring treat
ment of chronic heart failure and implantation of a left ventricular assist 
device in case of terminal HF.100–105 Physical activity has been associated 
with significant reductions for both all-cause mortality or hospitalization 
in patients with HFrEF.106 Among patients with clinically stable HFpEF 
and obesity, caloric restriction or aerobic exercise training has increased 
exercise capacity, and the effects may be additive.107 More recently, 
glucagon-like peptide-1 receptor agonists, namely semaglutide and tirze
patide, have significantly improved quality of life, exercise capacity and 
markers of inflammation and cardiac function, vs placebo in randomized 
controlled trials in patients with HFpEF and obesity.108,109

Role of viability and ischaemia 
testing
Several imaging modalities have historically been deemed appropriate for 
ischaemia and viability assessment.110 Myocardial contrast echocardiog
raphy, single-photon emission CT (SPECT) and late gadolinium enhance
ment cardiac magnetic resonance (CMR) all assess cellular integrity. PET 
assesses cellular metabolism, whereas dobutamine techniques assess 
contractile reserve. Current ESC guidelines on revascularization state 
that non-invasive stress imaging (CMR, echocardiography, SPECT or 
PET) may be considered for the evaluation of myocardial ischaemia 
and viability in patients with HF and CAD (suitable for coronary revascu
larization), before the decision on revascularization.9 To this date, there 
are no data available to support regular assessment of myocardial viability 
or inducible ischaemia to guide revascularization decisions in HFrEF.40 In 
the REVIVED-BCIS2 cohort the ischaemic burden as assessed by stress 
CMR was not associated with clinical outcomes.111 Furthermore, no as
sociation between ischaemic burden, clinical outcomes, and randomized 
treatment assignment was seen. Other findings from the REVIVED- 
BCIS2 cohort suggest that the extent of dysfunctional yet viable myocar
dium was not associated with revascularization outcomes.112

Assessment of surgical risk and 
coronary complexity
An evaluation of surgical risk and coronary complexity in the context of 
local expertise is always mandatory for final decision-making regarding 
the revascularization modality. The Society of Thoracic Surgeons (STS) 
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risk score and Euro-SCORE-2 are suitable to predict the 30-day post
operative mortality of CABG.113 The STS and EuroSCORE II scores can 
be calculated using the online calculators at https://acsdriskcalc. 
research.sts.org/ and www.euroscore.org. A 30-day perioperative mor
tality <4% appears to be acceptable to prompt surgery. In patients 
deemed at higher risk for CABG (30-day perioperative mortality >4%), 
the SYNTAX score/SYNTAX score II is a useful tool for considering 
PCI by assessing coronary complexity.114 The SYNTAX score is a score 
determined from the coronary angiogram and is calculated, among other 
things, from the number of affected vessel segments and adverse coronary 
lesion characteristics (e.g. length of the lesion, calcification). PCI is recom
mended in patients with lower coronary complexity (SYNTAX score 
≤22) and may be considered in patients with an intermediate SYNTAX 
score (i.e. 23–32) after Heart Team discussion and decision.9,12,37

Suggested opinion-based 
management algorithm for chronic 
HF with (multivessel) coronary 
disease
Considering the currently available and partly conflicting evidence, clin
icians face the task of reconciling inconsistent findings from RCTs. For 

the daily management of patients with HFpEF or HFrEF and multivessel 
coronary disease, we suggest the following opinion-based algorithm 
and synthesis of available major findings while we await new RCTs 
that evaluate the benefits of revascularization when added to novel 
therapies (Figure 1).40,115,116 The primary task for clinicians is to identify 
if the patients’ symptoms are more related to HF driven by myocardial 
dysfunction or related to angina:

In all patients with HF, establishing and optimizing GDMT is required. 
In cases where angina symptoms are present despite GDMT, involve
ment of the Heart Team and adhering to an interdisciplinary approach 
is advised. FFR-guided revascularization strategies should be pursued, 
however, acknowledging that the evidence on revascularization in 
HFrEF patients based on ischaemic burden is controversial and current
ly widely discussed.29,30,111 In the presence of severe inducible ischae
mia, surgical revascularization in addition to valve repair (if required) 
and continued GDMT is advised to improve prognosis. PCI is justifi
able in high surgical risk situations or in case of coronary lesions 
with lower complexity even though evidence is largely lacking.14,19

Similarly, coronary revascularization may also remain an option in 
presence of limited myocardial ischaemic burden but angina symp
toms that are refractory to medical treatment. In this case, CABG 
is suggested to be the primary revascularization strategy and 
ischaemia-guided PCI is reserved to high-surgical risk patients in 
whom symptom control would become the main therapeutic target 
or in case of lower coronary complexity.117,118

Figure 1 Suggested opinion-based management algorithm for chronic HF patients with coronary multivessel disease. CABG, coronary artery bypass 
graft; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; LV, left ventricular; PA, pulmonary arteries; PCI, percutaneous coronary inter
vention; PVI, pulmonary vein isolation; VAD, ventricular assist device. GDMT must be ensured for all HF patients. If the symptoms can be attributed 
to heart failure, further invasive measures should be discussed. If angina pectoris symptoms are prominent despite optimized medical therapy, revas
cularization using CABG including possible mitral valve repair should be considered if there is a significant ischaemia load and/or hibernating myocardium 
and haemodynamically effective stenosis of a main coronary vessel. PCI may be an alternative in situations with high surgical risk and for coronary lesions 
of lower complexity. Involving the cardiac team is important for an interdisciplinary, patient-oriented decision-making process
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When HF symptoms dominate despite GDMT, again involvement of 
the Heart Team and discussion of additional invasive procedures (e.g. 
mitral transcatheter edge-to-edge repair) seems prudent. When no 
typical angina symptoms are present or in selected cases of patients 
with HF (e.g. diabetics), an assessment of myocardial viability and ischae
mia testing may be considered to further evaluate the extent of ischae
mia, myocardial scar and viable hibernating myocardium for the 
consideration of potential revascularization strategies although evi
dence is controversial and an issue of on-going debate.111,112,119

Ongoing and future trials
The relationship between CAD and HF is complex and major knowl
edge gaps persist. A new generation of randomized clinical trials is 
now underway and will be pivotal in resolving uncertainties:

Two PCI-vs-medical-therapy trials are addressing whether percutan
eous revascularization provides prognostic benefit in ischaemic LV 
dysfunction: RESTORE-PCI (NCT05828719) and IMPROVE-ICMP 
(NCT06930092). One CABG-vs-medical-therapy trial, MASS-4 HF 
(NCT04177190), is evaluating whether surgical revascularization re
tains survival benefit in the context of contemporary HF management.

The comparative strategy between CABG and PCI will be addressed by 
STICH3 (NCT05761067), an international consortium of nine harmonized 
trials enrolling patients with left ventricular dysfunction (including chronic 
HFrEF and NSTEMI with LVEF≤40%) and an indication for revascularization.

In HFpEF, where no randomized data currently exist, the first dedi
cated trial, REPRIEVED (ISRCTN12843546), will test whether PCI pro
vides symptomatic and functional benefit in patients with demonstrable 
inducible ischaemia.

Finally, ongoing mechanistic and interventional trials, including 
CHIP-BCIS3 (NCT05436620) and PROTECT-4 (NCT05146082), 
will refine the role of mechanical circulatory support in high-risk PCI 
and may identify patient subpopulations in whom invasive strategies 
are safer or more effective. Overall, these studies will offer evidence 
that may support and inform future guideline development.

Summary and conclusion
The role of revascularization in patients with multivessel coronary dis
ease and HF is limited.14–16 Revascularization has not been shown to be 
superior to medical therapy for HF. Current efforts and resources 
should be directed to ensure optimal medical treatment for patients 
with chronic HF and CAD, as the first and most important measure 
to improve symptoms, wellbeing, and prognosis.28

Major gaps in knowledge
• Only two RCTs have investigated the role of revascularization in HFrEF— 

STICH (CABG vs medical therapy in HFrEF) and REVIVED-BCIS-2 (PCI 
vs medical therapy in HFrEF)

• No RCTs have investigated revascularization in HFpEF.
• Most available trial data (except BCIS-REVIVED-2) on revascularization in 

HF predate the medical advances in the treatment of HF achieved over 
the last 10 years.

• No RCTs comparing CABG vs PCI vs GDMT in patients with chronic HF 
and CAD available.

• No RCTs have investigated the role of revascularization in hospitalized or 
acute HF.

• Important populations (e.g. women, older individuals) are understudied.
• No trials have yet investigated the use of antiplatelet and anti- 

inflammatory therapies in HF and CAD.
• Symptom derived management algorithms for HF patients with multives

sel coronary disease warrant further validation.

Supplementary data
Supplementary data are available at European Journal of Heart Failure
online.
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