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A B S T R A C T

Ischemic heart disease is the largest cause of death worldwide and the most common cause of heart failure (HF). The incidence and prevalence of HF are
increasing owing to an aging population and improvements in the acute cardiac care of previously fatal conditions such as myocardial infarction. Strategies to
improve outcomes in patients with ischemic systolic HF are urgently needed. There is systematic underutilization of testing for coronary artery disease in
patients with HF, and revascularization is performed in an even smaller minority despite evidence for reduced mortality with coronary artery bypass grafting
(CABG) over medical therapy in the Surgical Treatment for Ischemic Heart Failure Extension Study. Percutaneous coronary intervention (PCI) is a less-invasive
approach to coronary revascularization; however, the recent Revascularization for Ischemic Ventricular Dysfunction (REVIVED)-British Cardiovascular Inter-
vention Society (BCIS2) trial failed to demonstrate a benefit of PCI compared with that of medical therapy in patients with ischemic systolic HF. The
comparative effectiveness of PCI and CABG for patients with ischemic systolic HF remains unknown, particularly in the era of contemporary medical therapy.
In this review, we discuss the benefit of CABG in ischemic systolic HF, its underutilization, and the unmet clinical need. We also review the recent REVIVED-
BCIS2 trial comparing PCI to medical therapy, as well as upcoming randomized controlled trials of PCI for ischemic systolic HF and persistent evidence gaps
that will exist despite anticipated data from ongoing trials. There remains a need for an adequately powered randomized controlled trials to establish the
comparative clinical effectiveness of PCI vs CABG in ischemic systolic HF in the era of contemporary revascularization approaches and medical therapy, as
well as trials of coronary revascularization in patients with HF with preserved ejection fraction or less severe forms of left ventricular systolic dysfunction.
Ischemic systolic heart failure as a public health concern

Ischemic heart disease (IHD) remains the largest cause of death
worldwide (Figure 1),1 and the leading cause of left ventricular systolic
dysfunction (LVSD) and heart failure (HF). The incidence and prevalence
continue to increase due to an aging population and improved care of
acute myocardial infarction (MI), with more surviving patients with
impaired left ventricular function who develop HF.2 In contemporary
randomized controlled trials (RCTs), the etiology of HF was IHD in 60%
of patients3; in another published report encompassing 43,000 patients
across 43 HF trials, IHD was the cause of HF in 65% of patients.4 This is
corroborated by real-world data, with analyses of 156,013 hospitalized
patients with HF from 319 US hospitals demonstrating that 59% of
patients had coronary artery disease (CAD) as the determined etiology
of their HF.5 Despite optimized medical therapy (MT), mortality from
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ischemic systolic HF remains high, up to 41% at almost 5 years of
follow-up.6,7
Low rates of investigation for CAD in HF

The actual contribution of CAD to the incidence of HF may be
underestimated as a new diagnosis of HF leads to investigation for CAD
in the minority of patients (Table 1). A Cardiovascular Research Network
(CVRN)8 study examined 5878 patients hospitalized with incident HF
between 2005 and 2008. From 14 days prior to admission to 6 months
after discharge, only 36.9% of patients underwent testing for CAD. A
separate study9 used claims data derived from the Truven Health
MarketScan Commercial and Medicare databases for their study of 67,
161 hospitalized patients with new-onset HF between 2010 and 2013.
, heart failure; LMCAD, left main coronary artery disease; LVSD, left ventricular systolic
rvention; RCT, randomized controlled trial.
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Figure 1.
Mortality trends for major causes of death from 2005 to 2015 in various countries, demonstrating ischemic heart disease as the leading cause of death. Age-standardized
mortality rates per 100,000 people from ischemic heart disease (red line), stroke (light blue line), cirrhosis and other liver diseases (green line), chronic lower respiratory tract dis-
eases (yellow line), lung cancer (blue line), transport accidents (orange line), and infectious diseases (purple line). Reproduced with permission from Nowbar et al.1
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Only 27.4% of patients underwent CAD testing within 90 days after the
HF hospitalization. A prospective registry linked to Medicare claims10 of
17,185 patients with new-onset HF found that 39% of patients under-
went testing for CAD within 90 days before or after the index HF hos-
pitalization. Finally, a more contemporary analysis of 558,322 patients
with new-onset HF using an administrative claims database of both
Medicare and commercial insurance between 2004 and 2019 demon-
strated similar results: 34.8% of patients underwent CAD testing and
9.3% underwent revascularization.11 Importantly, this analysis included
both inpatient and outpatient settings and encompassed data reflect-
ing practice patterns after the publication of a large randomized trial,12

demonstrating mortality reduction with coronary artery bypass grafting
Table 1. Published studies on testing for coronary artery disease in patients with h

Reference,
year

Source of included patients Inclusion criteria

Farmer et al,8

2014
Patients from 3 participating health plans within
the NHLBI-sponsored CVRN heart failure study

Patients hospitalized w
incident HF

Doshi et al,9

2016
Truven Health MarketScan Commercial and
Medicare Supplemental databases

Adult inpatients admit
a principal diagnosis o

O’Connor et
al,10 2020

Get With the Guidelines–Heart Failure registry
linked to Medicare claims

Patients hospitalized f
diagnosis of HF

Zheng et al,11

2022
Optum deidentified Clinformatics DataMart
(Optum), a database comprising administrative
health claims for members of commercial and
Medicare advantage plans across all 50 states

Patients aged 18 years
with an incident HF di
including both inpatie
outpatient settings

CABG, coronary artery bypass grafting; CVRN, Cardiovascular Research Network; HF,
coronary intervention.
(CABG) for patients with ischemic systolic HF. This analysis also
demonstrated significant variability in testing patterns across locations
and clinicians (Figure 2).

These data are from insured populations in the United States. There
are limited data from other countries, but it is likely that rates of in-
vestigations for CAD in HF are even lower in less-affluent countries. A
recent study of patients presenting to the emergency department with
HF in Canada identified 2994 patients classified as having acute
ischemic HF based on clinical and biomarker parameters.13 In this
cohort, early angiography was performed in 52.3% of patients and was
associated with lower all-cause mortality, although this study is neces-
sarily subject to selection bias.
eart failure and reduced ejection fraction.

Sample
size

Rate of testing for coronary
artery disease

Rate of revascularization

ith 5878 36.9% of patients (from 14
d before admission to 6 mo
after discharge)

Not reported

ted with
f HF

67,161 17.5% during the index
hospitalization; 27.4% at
90 d

2.1% during the index
hospitalization; 4.3% at 90 d

or a new 17,185 23% during the index
hospitalization; 39% within
90 d

4.7% underwent PCI; CABG
rates not reported

or older
agnosis,
nt and

558,322 34.8% underwent CAD
testing during the 90
d before or after their first
HF diagnosis

9.3% underwent
revascularization (~60% of
these were by PCI an 40% by
CABG)

heart failure; NHLBI, National Heart, Lung, and Blood Institute; PCI, percutaneous



Figure 2.
(Top panel) Significant variability demonstrated in cumulative distribution curves of cardiologists ordering CAD testing. (Bottom panel) CAD testing rates shown with the publication
dates of the STICH and STICHES publications denoted, with no significant increase in rates of CAD testing after these publications. Reproduced with permission from Zheng et al.11

CAD, coronary artery disease.
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One caveat to the low rates of investigation for CAD is that a certain
proportion of patients may not undergo testing due to their own un-
willingness or due to prior knowledge of the coronary anatomy. Such
factors are difficult to discern from the large-scale studies of adminis-
trative databases that have been performed; nevertheless, this is un-
likely to represent a large proportion of the patients included in these
studies.

Low rates of CAD testing for patients with new-onset HF is in the
context of class IIa European and American guideline recommenda-
tions (albeit with level of evidence C).14,15 When CAD is tested for
and found, it confers an adverse prognosis in patients with HF.
Ischemic etiology of HF has been shown to be an independent pre-
dictor of mortality, as does the extent of CAD.16

Appropriate testing for CAD has potential downstream ben-
efits beyond determining the etiology of a patient’s HF. Patients
can be appropriately triaged to a different treatment
pathway that involves guideline-directed medical therapy for
both CAD and LVSD and evaluation for candidacy of
revascularization.

The relative merits of different modalities of CAD testing are
unclear, and low rates of CAD testing in HF may reflect uncertainty
regarding their value for improving outcomes. There is currently no
RCT evidence for improved outcomes with any imaging modality in
patients with HF. Future trials will need to examine the use of
various testing strategies for CAD in order to establish whether
outcomes can be improved by systematic assessment for CAD in
patients with HF. Future areas of study could also focus on CAD
testing in various HF populations: specifically, hospitalized and
nonhospitalized patients and those with reduced or preserved
ejection fraction (EF).



Figure 3.
Kaplan-Meier analysis of patients assigned to coronary artery bypass graft (CABG; blue lines) or medical therapy alone (MED; red lines) either adhering (per-protocol) or not
adhering (crossover) to their randomly assigned treatment. This analysis demonstrated that CABG reduced mortality in the intention-to-treat, per-protocol, and crossover pop-
ulations. Reproduced with permission from Doenst et al.17
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The benefit of CABG in ischemic systolic HF

The effect of CABG on mortality in patients with CAD and LVSD was
evaluated in the Surgical Treatment for Ischemic Heart Failure (STICH)
trial.7 In this trial, patients with CAD amenable to CABG and EF �35%
were randomly assigned to CABG plus MT vs MT alone, with a primary
end point of all-cause mortality. Patients with significant left main cor-
onary artery disease (LMCAD), severe angina, or recent acute MI were
excluded. A total of 1212 patients were enrolled, with 602 patients
randomized to MT and 610 patients randomized to CABG plus MT. In
the initial report of the trial, at a median length of follow-up of 4.7 years,
244 patients in the MT arm had died compared with 218 patients in the
CABG arm (hazard ratio [HR], 0.86; 95% CI, 0.72-1.04; P ¼ .12).
Although the primary outcome of all-cause mortality did not demon-
strate a significant benefit with CABG, the effect on cardiovascular
death (HR, 0.81; 95% CI, 0.66-1.00; P ¼ .05) and the composite of
all-cause mortality or hospitalization for cardiovascular causes (HR, 0.74;
95% CI, 0.64-0.85; P < .001) were both significantly reduced with
CABG. In extended follow-up at a median follow-up duration of 9.8
years (STICH Extension Study [STICHES]), the benefit of CABG over MT
on all-cause mortality was now statistically significant (HR, 0.84; 95% CI,
0.73-0.97; P ¼ .02).12 The number needed to treat to prevent 1 death
was 14 patients (95% CI, 8-55 patients). Per-protocol and as-treated
analyses, which accounted for crossovers within 1 year, suggested a
greater benefit than that seen in the primary intention-to-treat analysis
(Figure 3).7,17 It should be acknowledged that because the primary end
point for STICH was neutral, subsequent analyses should strictly
speaking be considered hypothesis-generating.

Apart from hard clinical end points such as mortality, health-related
quality of life (QoL) remains an important outcome among patients. A
prespecified secondary end point analysis of STICH18 evaluated
self-reported angina-related and HF-related QoL using the Seattle
Angina Questionnaire and the Kansas City Cardiomyopathy Question-
naire (KCCQ), respectively. Compared with baseline, there were signifi-
cant improvements in QoL by 4 months in both arms that were sustained
at 36 months of follow-up. Importantly, patients assigned to CABG plus
MT had significantly greater improvements in QoL compared with pa-
tients assigned to MT throughout the follow-up period, with a needed to
treat of 9 to 14 for clinically meaningful improvements in HF-specificQoL.

The mortality benefit of CABG emerging over MT at longer-term
follow-up, rather than at 5 years, has several plausible explanations.
Most obviously, extended follow-up allowed for accrual of more events,
meaning there was enhanced precision around the point estimate and
narrowing of the CI. Additionally, time-varying analyses demonstrate an
early mortality hazard with CABG: at 30 days, CABG was associated
with a 3-fold increase in mortality compared with MT, and the overall
number of deaths was higher with CABG than MT for 2 years before the
benefit of CABG emerged.
An unmet clinical need

Despite this RCT evidence of the benefit of CABG, it is not widely
applied to this patient population. Observational studies suggest only
4.3% of patients hospitalized for HF underwent revascularization within
90 days of the index hospitalization, and only 1.3% are revascularized
with CABG.9 Patients presenting with HF are also among the least likely
to be offered revascularization19,20 and represent an important unmet
clinical need.21 Potentially increasing the number of patients deemed
appropriate candidates for revascularization could improve clinical
outcomes in HF and broadly improve public health.22
Why is CABG underutilized for ischemic HF?

RCTs are necessarily conducted within the confines of their inclusion
and exclusion criteria, and depending on how narrow the criteria may be,
applicability of their findings to routine clinical practice could be limited.
In STICH, patients were deemed suitable for surgical revascularization by
the treating clinical and research teams. In real-world practice, it may be



Figure 4.
Hazard ratio (solid line) and 95% CI (gray area) for the effect of coronary artery
bypass grafting vs medical therapy across the range of ages. The effect of CABG on
reducing clinical events was greater in the younger (<54 years) compared with older
patients (>67 years). Reproduced with permission from Petrie et al.25
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that physicians do not feel their patients are acceptable candidates for
surgery. This issue, common to all RCTs, might be magnified for the
population studied in STICH where severe LVSD marks patients at
elevated risk. In the Outcomes of Percutaneous Revascularization for
Management of Surgically INeligible Patients with Multivessel or Left
Main Coronary Artery Disease (OPTIMUM) registry, which evaluated pa-
tients with multivessel or LMCAD deemed ineligible for CABG, severe
cardiomyopathy was the primary and secondary reason for surgical
turndown in 14.6% and 22.3% of patients, respectively.23 The included
patients had a high burden of comorbidities, with a predicted perioper-
ative mortality rate by the evaluating cardiac surgeon of 10.4% � 12.3%.
Moreover, observational data have demonstrated that patients under-
going treatment for CAD are more likely to develop multiple comor-
bidities as they age, which may render them less optimal candidates for
CABG.19,24 Most patients with HF are elderly, and the benefit of CABG in
STICH diminished with increasing patient age (Figure 4).25
Furthermore, STICH demonstrated an early hazard with CABG: 25%
of patients developed serious complications within 30 days.26 These
severe complications were associated with subsequent mortality and
can help to explain why early mortality was higher with CABG than with
MT in STICH. Many physicians and patients may not feel comfortable
assuming this upfront risk, even with demonstrated long-term benefits.
Analyses from STICH also demonstrate that this risk varies markedly
across patients and can be moderately predicted from the Society of
Thoracic Surgeons and European System for Cardiac Operative Risk
Evaluation-2 risk scores.27 Using these risk scores to predict risk can
help in potentially avoiding performing surgery on patients at higher
risk of having poor outcomes.

Another factor that may negatively influence utilization of CABG in
this scenario is the risk of stroke. In STICH, 11 patients in the CABG arm
experienced a stroke within 30 days after randomization (1.8%),
compared with 1 patient in the MT arm (0.2%), and large observational
studies have also demonstrated increased risk of stroke with CABG
compared with percutaneous coronary intervention (PCI) in patients
with HF and multivessel CAD.28 Mechanistic explanations for increased
stroke risk with CABG include embolic risks associated with cardiopul-
monary bypass and crossclamping of the aorta, as well as risks of ce-
rebral hypoperfusion related to intraoperative hypotension and general
anesthesia. An individual patient-level pooled analysis of 11 RCTs29

comparing CABG and PCI in people without HF demonstrated signifi-
cantly lower stroke rates after PCI at 30 days. This is particularly perti-
nent as cardiac patients consider stroke a worse outcome than
death,30,31 and therefore, avoidance of neurologic complications and
disability is likely to influence patient preference when being assessed
for revascularization.
The rationale for using PCI as a method of revascularization in
patients with HF

Despite the results of the STICH trial, few patients undergo CABG
for ischemic systolic HF. On the other hand, patients considered high or
prohibitive surgical risk are increasingly being referred for high-risk PCI.
Compared with CABG, PCI is a less-invasive revascularization modality
that may offer an avenue for increased adoption of revascularization in
this setting if trial evidence were available demonstrating clinical
benefit.

The prospective multicenter OPTIMUM registry described the
characteristics, clinical management, and outcomes of patients with
complex multivessel or LMCAD declined for CABG who were managed
with PCI plus MT. Baseline synergy between percutaneous coronary
intervention with taxus and cardiac surgery (SYNTAX) score was 32.4 �
12.2, with 45.3% of patients having highly complex CAD (SYNTAX �
33). Among the 726 patients, 51% had chronic HF, over half of which
had some degree of systolic HF (46.4% systolic HF, 15.9% combined
systolic and diastolic HF). Almost half of the patients had New York
Heart Association class III to IV symptoms, and almost one-fourth of
patients with LVSD had severely reduced EF of �30%. The most com-
mon indications for PCI included symptom relief (39.8%), acute coro-
nary syndrome ([ACS] 27.1%), treatment of cardiomyopathy (24.1%),
and ischemia reduction (13.6%). All-cause mortality was 5.6% at 30 days
and 12.3% at 6 months; early mortality was predominantly due to car-
diac death. Interestingly, all-cause mortality rates after PCI were similar
to the predicted surgical risk as estimated by the Society of Thoracic
Surgeons and European System for Cardiac Operative Risk Evaluation
-2 scores, lower than surgeons’ estimates (observed-to-expected ratio,
0.59; 95% CI, 0.42-0.76) and significantly higher than the National
Cardiovascular Data Registry CathPCI risk model (observed-to-ex-
pected ratio, 4.46; 95% CI, 2.35-7.99), which reflects the higher risk
nature despite a less-invasive revascularization approach in this patient
cohort with extensive comorbidities and complex coronary anatomy.



Figure 5.
Kaplan-Meier estimates of the cumulative incidence of all-cause mortality or hospitalization for heart failure in the REVIVED-BCIS2 trial. Reproduced with permission from
Perera et al.6
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Another recent single-arm observational study of selected patients
with ischemic cardiomyopathy undergoing high-risk PCI with hemo-
dynamic support with an Impella device suggested potential im-
provements in ejection fraction at 90 days.32 There is also evidence
from trials in patients without HF that PCI is not associated with the
same early procedural risk hazards as CABG.33–36 It is not known if this
would apply to patients with HF as there are no randomized compari-
sons of PCI vs CABG in this patient population at this time.
Clinical outcomes after randomization to PCI or medical therapy
in ischemic systolic HF: the REVIVED-BCIS2 trial

The first randomized evaluation of PCI vs MT for patients with
ischemic systolic HF37 has recently been published.6 Inclusion criteria for
the 700-patient open-label, UK-based trial were EF � 35%, extensive
CAD, and demonstrable myocardial viability. Extensive CAD was defined
as coronary anatomy with a British Cardiovascular Intervention Society
(BCIS) jeopardy score �6, which could include significant left main,
proximal left anterior descending, or at least proximal 2-vessel CAD. This
was therefore the first RCT to allow randomization of patients with left
main disease to medical therapy. The primary outcome was a composite
of all-cause mortality or hospitalization due to HF. Patients were ran-
domized to PCI (n ¼ 347) or MT (n ¼ 353). At baseline, 14% of patients
presented with LMCAD, and themean BCIS jeopardy score was 10. After
a median follow-up of 3.4 years, there was no significant difference in the
primary outcome between the 2 groups: HR, 0.99; 95%CI, 0.78-1.27; P¼
.96 (Figure 5). The mortality rate in both groups was high despite more
contemporary MT (31.7% in the PCI group and 32.6% in the MT group;
HR, 0.98; 95% CI, 0.75-1.27). Results were similar when stratified ac-
cording to the degree of LVSD (EF � 29% and < 29%). Unlike STICH,
there was no increased upfront procedure-related mortality with PCI, but
this did not translate into longer-term overall reductions in death. There
was a reduction in spontaneous MI with PCI, with no overall significant
difference in MI due to the occurrence of periprocedural MI in 37.8% of
PCI patients. Unplanned revascularization occurred in 10.5% of the MT
arm compared with 2.9% of the PCI arm (HR, 0.27; 95% CI, 0.13-0.53).
Finally, PCI was associated with improved QoL as assessed by the
KCCQ and EuroQol (EQ-5D-5L) at 6 and 12 months, but this difference
was attenuated by the 24-month time point (which may be reflective of
the increased revascularization crossovers seen in the MT arm over time).

The results of the Revascularization for Ischemic Ventricular
Dysfunction (REVIVED)-BCIS2 trial inform clinical practice by demon-
strating that mortality or hospitalization for HF were not improved with
PCI compared with MT for selected patients with EF < 35%, extensive
CAD and viable myocardium. The results are not applicable to patients
with angina or those presenting with ACS as patients with ACS were
excluded and most patients had either no angina or minimal angina
when enrolled. In addition, the question regarding the utility of
myocardial viability evaluation prior to revascularization in ischemic
systolic HF is again raised because viability was mandated but this did
not translate into a mortality reduction with PCI compared with that with
MT; this is broadly consistent with prior data from STICH.38 The trial was
also potentially underpowered with regards to all-cause mortality, and
there were 37 fewer primary-outcome events than were estimated in
the power calculation for the trial to have 85% power for the primary
outcome. Finally, there was no invasive physiology assessment
mandated, and severity of CADwas determined purely by angiographic
assessment. There have been questions raised with regards to whether
the BCIS jeopardy score of 6 was sufficiently “extensive” CAD for pa-
tients determined to have an ischemic cardiomyopathy. Future data
regarding the angiographic severity of the CAD will be welcomed, as
will reports of longer-term follow-up when available.

It is also important to underline that the findings of the REVIVED-
BCIS2 trial do not inform any comparisons between PCI and CABG
for the treatment of ischemic systolic HF. First, indirect comparisons of
therapeutic modalities assessed in different trials are necessarily subject
to bias and inherently speculative by nature. Second, the comparator
group of MT differedmarkedly between the REVIVED-BCIS2 and STICH
trials, with increased use of contemporary prognostic therapies such as
angiotensin receptor-neprilysin inhibition (ARNI) in REVIVED-BCIS2,
and the increased use of implantable cardioverter-defibrillator therapy
(54% in REVIVED-BCIS2 vs 18.6% in STICH). Most importantly, patients
randomized in REVIVED-BCIS2 were those deemed not suitable for
CABG. A true assessment of the comparative effectiveness of CABG
and PCI in patients with HF can only be obtained by an appropriately
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powered randomized comparison of the 2 therapies in a cohort of pa-
tients deemed potentially suitable for both therapies.
The comparative effectiveness of PCI vs CABG

There is no RCT comparing PCI and CABG in patients with ischemic
systolic HF; moreover, low EF was an exclusion criterion in RCTs
comparing PCI and CABG for other indications. In the absence of
randomized comparisons, we can draw on 2 sources of data to inform
evaluations of the 2 modalities for this indication: observational data
comparing PCI and CABG in patients with ischemic systolic HF and RCT
data comparing PCI and CABG in patients with normal EF.
Observational data comparing PCI and CABG in ischemic systolic HF

Observational data in this domain are conflicting; observational data
are also subject to residual confounding and a poor substitute for RCTs.
A 2016 observational study28 compared outcomes of 2126
propensity-matched patients selected from the New York state regis-
tries with multivessel disease and EF � 35% who underwent PCI with
drug-eluting stents (DES) or CABG. This study demonstrated similar
survival with the 2 therapies at a median follow-up of 2.9 years (HR,
1.01; 95% CI, 0.81-1.28; P ¼ .91). PCI was associated with increased risk
of MI and repeat revascularization but reduced risk of stroke.

A retrospective cohort study from Ontario included 2397
propensity-matched pairs of patients with EF� 35% undergoing CABG
or PCI. At a median follow-up of 5.2 years, the risk of all-cause mortality
was greater with PCI than CABG (HR, 1.6; 95% CI, 1.3-1.7). Except for
stroke, all secondary end points also favored CABG. This benefit for
CABG persisted in all tested subgroups and across all sensitivity ana-
lyses. A more recent observational study from Sweden also demon-
strated improved long-term survival with CABG compared with that
with PCI for patients with reduced EF and multivessel CAD.39 Never-
theless, these studies are susceptible to bias in the form of unmeasured
confounders and, importantly, indication bias: it cannot be assumed
that included patients were considered eligible for both strategies, and
it may be that PCI was performed in patients deemed too high risk for
CABG in accordance with guideline recommendations such as seen
with the patients in the OPTIMUM registry.

A recent meta-analysis of 18 studies and 11,686 patients40 sug-
gested similar 30-day mortality between the 2 therapies (HR, 1.18; 95%
CI, 0.89-1.56; P ¼ .25) but lower long-term (follow-up � 12 months)
mortality after CABG than that after PCI in patients with severely
reduced EF (HR, 0.70; 95% CI, 0.43-0.85; P < .01). CABG was
associated with an increased risk of stroke within 30 days (HR, 2.88; 95%
CI, 1.07-7.77; P ¼ .04) but not beyond 12 months (HR, 1.18; 95% CI,
0.74-1.87; P ¼ .49). It should be acknowledged that only 2 of the
included studies were RCTs, and these contributed only 139 patients;
therefore, this analysis is susceptible to the inherent limitations of
observational data when assessing competing therapies.
Observational data comparing PCI and CABG in acute HF

There are limited data comparing outcomes with CABG and PCI for
patients with acute HF. A prospective cohort study in Korea41 evaluated
short-term and long-term outcomes in 717 patients admitted with acute
HF who underwent revascularization during the index hospitalization
with either PCI (n ¼ 590) or CABG (n ¼ 127). Compared with patients
who underwent PCI, those who underwent CABG were younger, had
lower EF, and were more likely to have diabetes and complex CAD.
Patients who received PCI were more likely to present with concomitant
ACS/MI.



Table 3. Guideline recommendations for treatment and assessment of coronary artery disease in patients with reduced ejection fraction.

Guideline Year Recommendations

ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure15

2021 � Invasive coronary angiography is recommended in patients with angina despite pharmacologic therapy or
symptomatic ventricular arrhythmias (class I, level B)

� Invasive coronary angiography may be considered in patients with an intermediate to high pretest probability of
CAD and the presence of ischemia in noninvasive stress test (class IIb, level B)

� CTCA should be considered in patients with a low to intermediate pretest probability of CAD or those with
equivocal noninvasive stress tests to rule out coronary artery stenosis (class IIa, level C)

� Noninvasive stress imaging (CMR, stress echocardiography, SPECT, and PET) may be considered for the
assessment of myocardial ischemia and viability (class IIb, level B)

� CABG should be considered as the first-choice revascularization strategy in patients suitable for surgery, espe-
cially if they have diabetes and for those with multivessel disease (class IIa, level B)

� Coronary revascularization should be considered to relieve persistent symptoms of angina in patients with
coronary anatomy suitable for revascularization, despite OMT including antianginal drugs (class IIa, level C)

� Coronary revascularization may be considered to improve outcomes after careful evaluation of the individual risk
to benefit ratio, including coronary anatomy (class IIb, level C)

� PCI may be considered as an alternative to CABG, based on heart team evaluation, considering coronary
anatomy, comorbidities, and surgical risk (class IIb, level C)

ACCF/AHA guideline for the management of heart
failure14

2013 � Noninvasive imaging to detect myocardial ischemia and viability is reasonable in patients presenting with de
novo HF, who have known CAD and no angina, unless the patient is not eligible for revascularization of any kind
(class IIa, level C)

� When ischemia may be contributing to HF, coronary arteriography is reasonable for patients eligible for
revascularization (class IIa, level C)

� Coronary artery revascularization through CABG or percutaneous intervention is indicated for patients on GDMT
with angina and suitable coronary anatomy, especially for a left main stenosis (>50%) or left main equivalent
disease (class I, level C)

� CABG to improve survival is reasonable in patients with mild to moderate LV systolic dysfunction (EF¼ 35%-50%)
and significant (�70% diameter stenosis) multivessel CAD or proximal left anterior descending coronary artery
stenosis when viable myocardium is present in the region of intended revascularization (class IIa, level B)

� CABGmay be considered with the intent of improving survival in patients with ischemic heart disease with severe
LV systolic dysfunction (EF < 35%) and operable coronary anatomy whether or not viable myocardium is present
(class IIb, level B)

Appropriate use criteria for coronary
revascularization in patients with stable ischemic
heart disease58

2017 � CABG recommended for patients with EF 35%-50% (class IIa, level B)
� CABG recommended for patients with EF < 35% without significant left main CAD (class IIb, level B)
� Insufficient data to make recommendation for PCI

ACCF, American College of Cardiology Foundation; AHA, American Heart Association; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CMR,
cardiac magnetic resonance imaging; CTCA, computed tomography coronary angiography; EF, ejection fraction; ESC, European Society of Cardiology; GDMT,
guideline-directed medical therapy; LV, left ventricular; OMT, optimal medical therapy; PCI, percutaneous coronary intervention; PET, positron emission tomography;
SPECT, single-photon emission computed tomography.
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At a median follow-up of 4 years, propensity-matched analysis of 95
patient pairs suggested lower all-cause mortality with CABG (HR, 0.57;
95% CI, 0.34-0.96; P ¼ .033), with a trend toward decreased cardio-
vascular and HF rehospitalization. Complete revascularization was
achieved in 72.4% of patients who underwent CABG compared with
43.5% of patients who underwent PCI. This study illustrates the issues of
confounding by indication in observational datasets comparing CABG
and PCI, whereby the 2 groups had significant baseline imbalances and
further residual confounding that cannot be accounted for by pro-
pensity matching; it is likely that many of the patients treated with PCI
may not have been candidates for CABG. RCT data in the domain of
acute HF are therefore needed.
RCTs comparing PCI and CABG in patients without ischemic systolic HF

There have been many randomized comparisons of PCI vs CABG in a
range of clinical settings. A meta-analysis of 5 RCTs comparing PCI with
DES and CABG for the treatment of LMCAD, including 4612 randomized
patients with a weightedmean follow-up of over 5.5 years, demonstrated
equivalent long-termmortality between the 2 therapies (relative risk, 1.03;
95%CI, 0.81-1.32; P¼.78).42 Furthermore, 2 trials43,44 have now reported
10-year mortality after randomization to PCI or CABG, with no difference
in outcomes.45 An individual patient-level meta-analysis of 4 RCTs and
4394 patients with LMCAD treated with PCI or CABG also demonstrated
no significant difference in the 5-year rates of all-causemortality (HR, 1.10;
95% CI, 0.91-1.32; P ¼ .33).46 In Bayesian analyses, there was an 85.7%
probability that death at 5 years was less with CABG than that with PCI,
but this difference was likely <1% (or a difference of <0.2% per year).
The fractional flow reserve (FFR) vs Angiography for Multivessel
Evaluation (FAME) 3 trial randomized patients with 3-vessel CAD to
either FFR-guided PCI with second-generation DES or CABG.47 Pa-
tients with significant LMCAD, LVEF < 30%, recent ST-segment eleva-
tion myocardial infarction (STEMI), and cardiogenic shock were
excluded. Around 18% of patients had LVSD and 22% had at least 1
chronic total occlusion (CTO); the mean SYNTAX score was 26 (18%
with SYNTAX score> 32). At 1 year, patients who underwent CABG had
lower rates of major adverse cardiac and cerebrovascular events
(MACCE) vs those who received FFR-guided PCI (6.9% vs 10.6% [HR for
PCI, 1.5; 95% CI, 1.1-2.2; P ¼ .35 for noninferiority]). The results
remained consistent regardless of baseline LV function (LVEF > 50% vs
30%-50%). Of note, intravascular imaging was used in only 12% of PCI
cases; 3-year follow-up data have been published recently.48 At 3 years,
there was no significant difference in the primary end point between the
2 groups (12.0% vs 9.2%; HR, 1.3; 95% CI, 0.98-1.83; P ¼ .07). The rates
of all-cause mortality were essentially identical (4.1% vs 3.9%; HR, 1.0;
95% CI, 0.6-1.7; P ¼ .88). Patients with more severe, extensive CAD (as
defined by a functional SYNTAX score > 22) had better outcomes with
CABG, whereas those with lower function SYNTAX scores had equiva-
lent outcomes with PCI and CABG.

In contrast to the data for LMCAD, the overall RCT evidence for the
treatment of multivessel disease favors CABG over PCI for survival,
particularly in patients with diabetes.49 Older data from the balloon
angioplasty and bare-metal stent era suggested no difference in
long-term mortality between PCI and CABG other than in patients with
diabetes.50 Subgroup analyses looking at both normal vs reduced LV
function and HF vs no HF at presentation suggested consistent treat-
ment effects (P for interaction nonsignificant for both comparisons).



Figure 6.
Association between randomized treatment and outcomes for patients with and without heart failure (HF) or left ventricular dysfunction (LVD) at baseline. A total of 398
patients had a history of HF or LVD (214 in the invasive arm and 184 in the conservative arm). Outcomes in the invasive arm seem to be better in patients with HF or LVD, particularly for
the primary end point and for the end point of cardiovascular death or myocardial infarction. Reproduced with permission from Lopes et al.59
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Observational data comparing PCI and CABG in patients without
ischemic systolic HF

After the landmark SYNTAX trial,43 the SYNTAX II study51 evaluated
outcomes of contemporary PCI in patients with 3-vessel CAD who had
clinical equipoise for either PCI or CABG based on the SYNTAX II score.
Outcomes were also compared with historical PCI or CABG controls
from the original SYNTAX I trial. Contemporary PCI included the use of
second-generation DES, coronary physiology to guide revasculariza-
tion, intravascular imaging to optimize stent deployment, advanced
techniques in bifurcation PCI utilized in accordance with the European
Bifurcation Club consensus, and dedicated expert CTO operators using
contemporary CTO PCI techniques with the goal of complete revas-
cularization. Patients with significant left main disease and acute MI
were excluded. At 5 years, SYNTAX II patients demonstrated signifi-
cantly lower rates of MACCE compared with SYNTAX I PCI controls
(21.5% vs 36.4%; HR, 0.54; 95% CI, 0.41-0.71; P<.001), including lower
rates of all-cause mortality, cardiac death, MI, repeat revascularization,
and stent thrombosis. There were also no significant differences in
MACCE rates between the SYNTAX II and SYNTAX I CABG control
patients (21.5% vs 24.6%; HR, 0.87; 95% CI, 0.64-1.17; P ¼ .35). These
data are nonrandomized, and in particular, comparisons with the his-
torical SYNTAX I cohorts should be considered hypothesis-generating
only. The mean LVEF was ~58%, so it is also unknown if these results
would apply to patients with advanced ventricular dysfunction. These
results do, however, support the use of contemporary techniques to
optimize PCI outcomes, and future randomized comparisons of PCI and
CABG should consider a similar approach to PCI.
In summary, the collective RCT data demonstrate that CABG has a
mortality benefit over PCI in patients with multivessel disease and
diabetes but no apparent difference is seen in patients with multivessel
disease without diabetes or in patients with LMCAD, both with and
without diabetes. Observational data suggest that contemporary
“state-of-the-art” PCI could potentially afford similar benefits in pa-
tients with multivessel disease. However, these results have limited
applicability to patients with HF. Combining these findings with
inconclusive observational data in HF patients calls for a pressing need
for a definitive randomized comparison of PCI and CABG for patients
with ischemic systolic HF.
Potential advantages and disadvantages of PCI and CABG in HF

There may be theoretical benefits to a less-invasive therapy. Stroke
rates are lower with PCI than those with CABG in RCTs in non-HF
populations29 and in large observational data sets of patients with
ischemic systolic HF and multivessel disease.28 Patients with HF
commonly have concomitant cognitive problems52 and cardiovascular
risk factors and may, therefore, be more susceptible to the potentially
deleterious neurologic effects of cardiac surgery and cardiopulmonary
bypass.53

In addition, earlier ambulation and hospital discharge with the
less-invasive therapy may translate into improvements in QoL. In
previous RCTs comparing PCI and CABG for patients with LMCAD,
there was greater early QoL benefit with PCI that attenuated over
time.54



Central Illustration.
IHD is the most common cause of HF, with rising prevalence worldwide. Coronary evaluation in HF remains widely underutilized, and revascularization remains low despite
demonstrated mortality benefit of CABG. While each strategy offers unique advantages, there are currently no direct comparisons on clinical effectiveness between percutaneous
versus surgical revascularization. Despite ongoing trials on percutaneous revascularization in ischemic systolic HF, persistent evidence gaps exist. CABG, coronary artery bypass grafting;
CAD, coronary artery disease; DAPT, dual antiplatelet therapy; HF, heart failure; IHD, ischemic heart disease; QoL, quality of life; PCI, percutaneous coronary intervention; RCT,
randomized controlled trial.
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Similarly, the OPTIMUM registry demonstrated significantly
improved health status after complex PCI among patients who
remained alive at follow-up. Significant improvements in angina-
related and HF-related QoL were demonstrated at 6 months
compared with those at baseline, with 58% of patients having clinically
meaningful improvements in angina-related QoL (Seattle Angina
Questionnaire summary score � 5 points) and 62% having clinically
meaningful improvements in HF-related QoL (KCCQ � 7.5 points).
Compared with patients in the STICH trial, patients in the OPTIMUM
registry had poorer self-reported baseline health status (mean KCCQ
55.8 vs 60.3-61.3) but were able to achieve similar levels of HF-specific
health status. These benefits were observed regardless of the
completeness of revascularization (34.3% of patients achieved a re-
sidual SYNTAX score of �8).

One of the main theoretical advantages of CABG over PCI is
the greater likelihood of achieving complete revascularization (CR).
This has been proposed as one of the primary mechanisms by
which CABG offers benefit over PCI in patients with complex
multivessel CAD.55 Data from RCTs of PCI vs CABG for multivessel
or LMCAD in patients without ischemic systolic HF showed that
long-term mortality was greater among patients who received PCI
with incomplete revascularization vs those who underwent PCI with
CR or underwent CABG.56,57 The 10-year analyses from the SYN-
TAX study suggest that if CR is achieved with PCI, then survival is
comparable with that of CABG.57 This was true regardless of the
presence of diabetes, multivessel CAD, and anatomical complexity
(SYNTAX score).

The potential advantages of PCI should be weighed against an
increased risk of repeat revascularization procedures in patients un-
dergoing PCI compared with those of CABG. Patients with severe HF
are often older and may have calcific CAD, which can lead to increases
in both procedural complexity and risk, which are magnified in patients
with LVSD. They may also have difficulty tolerating dual antiplatelet
therapy due to their elevated bleeding risks. Any reductions in post-
operative complications and lengthy recovery with CABG would need
to be weighed against potential procedural complications with PCI, and
issues of bleeding, graft and stent failure and other complications can
only be evaluated in randomized comparisons.
Ongoing trials of revascularization in ischemic systolic HF

New randomized data examining the role of PCI in ischemic
systolic HF is being generated (Table 2). Impella-Supported PCI in
High-Risk Patients with Complex Coronary Artery Disease and
Reduced Left Ventricular Function (PROTECT IV [NCT04763200]) will
recruit 1252 high-risk patients with complex CAD and reduced LV
function undergoing PCI with a goal of CR. Patients will be ran-
domized to Impella-supported PCI or standard-of-care PCI with or
without intra-aortic balloon pump. The primary outcome is the
composite of all-cause death, stroke, MI, or hospitalization for car-
diovascular causes at the 3-year follow-up. This is not purely a trial
of HF patients as eligible patients will have chronic CAD or non-
STEMI with EF � 40% or STEMI for �24 hours and <30 days
after symptom onset with EF � 30%.

The Controlled trial of High-risk coronary Intervention with
Percutaneous left ventricular unloading (CHIP-BCIS3
[NCT05003817]), which has just started enrolling, will include 250
participants in the United Kingdom with EF � 35% and extensive
CAD planned to undergo complex PCI. Patients will be randomized
to either LV unloading during PCI with a percutaneous left ventric-
ular assist device or control (high-risk PCI without percutaneous left
ventricular assist device). The choice of the device will be at the
discretion of the operator.
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The persistent evidence gaps and a roadmap for the generation
of clinical evidence

Even allowing for the results that will be generated from trials
currently recruiting, there remains a need for a randomized comparison
of PCI vs CABG for patients with ischemic systolic HF. The 2017
Appropriate Use Criteria for Coronary Revascularization58 recommends
CABG for patients with LVSD (class IIa for patients with EF 35%-50% and
class IIb for patients with EF< 35%) and states there are insufficient data
to make recommendations for PCI. The 2021 European Society of
Cardiology guidelines15 for HF also provide a IIa recommendation (level
of evidence B) for CABG; PCI is given a IIb recommendation as an
alternative to CABG, but the level of evidence supporting this recom-
mendation is C. Current guideline recommendations for the assessment
and treatment of CAD in patients with HF are summarized in Table 3.

Recalling the factors that define the unmet clinical need of
extending revascularization for ischemic systolic HF emphasizes the
urgency with which further RCT data are needed: ischemic systolic HF is
prevalent, lethal, and costly; revascularization with CABG reduces
mortality but is performed in only a small fraction of patients.

Beyond this, there is currently no RCT evidence for revascularization
in any form for patients with less severe forms of LVSD or with preserved
EF. In a recent substudy of the ISCHEMIA trial,59 patients with a history
of HF and EF < 45% (but �35%) were observed to have clinical benefit
of invasive compared with conservative management (Figure 6). This
substudy included only 398 participants, and the benefit observed was
for an initial invasive strategy rather than for revascularization per se.
Future clinical trials should focus on the effect of revascularization (both
CABG and PCI) in patients with preserved EF and milder forms of
reduced EF. Furthermore, trials could focus separately on ambulatory
patients with chronic HF and patients hospitalized with acute HF.

The International Study of Comparative Health Effectiveness with
Medical and Invasive Approaches (ISCHEMIA) trial substudy also raises
the issue of imaging studies for patients with CAD and HF because in the
STICH trial, the presence of ischemia on imaging did not identify patients
with worse prognosis or those who derived greater benefit from CABG.60

In STICH, there was also no interaction between the presence of viability
and the beneficial effect of CABG,38 although viability testing was not
performed at random and was according to the discretion of the
recruiting team. Viability was classified as present or absent in a binary
fashion and single-photon emission computed tomography and dobut-
amine echocardiography were utilized. Future trials are needed, focused
on other imaging modalities such as magnetic resonance imaging or
positron emission tomography. In REVIVED-BCIS2, demonstrable
myocardial viability was an inclusion criterion for the trial; however, there
was no benefit to revascularization with PCI over medical therapy. There
are other potential benefits to the use of advanced imaging modalities
such as magnetic resonance imaging, which can also be helpful to
exclude infiltrative diseases such as amyloidosis; the benefits of revas-
cularization in such patients is unclear, and patients may be candidates for
targeted therapy.
Conclusions

Ischemic systolic HF is an urgent public health issue, with rising
prevalence, incidence, and health care costs, and remains the leading
cause of death (Central Illustration). These high mortality rates have
endured despite advances in medical therapy and implantable
cardioverter-defibrillator therapy, which was confirmed in the recent
REVIVED-BCIS2 trial. Rates of testing for CAD are alarmingly low in pa-
tients with HF, and revascularization is performed in only a minority of
patients despite reduction in mortality with CABG as demonstrated in
STICHES. PCI has not been shown to improve clinical outcomes
compared with medical therapy in stable outpatients with EF < 35%,
extensive CAD, and viable myocardium in the BCIS-REVIVED 2 trial,
although there was no evidence of increased harm. However, PCI con-
tinues to be performed particularly in surgically turndown patients at
highest risk of adverse outcomes. There remains no randomized com-
parison of PCI and CABG in these patients, and there is an urgent need
for an adequately powered RCT to establish the comparative clinical
effectiveness of PCI and CABG in our sickest patients with ischemic
systolic HF in the era of contemporary MT.
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