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Coronary artery disease is the predominant aetiology of heart failure and left ventricu-
lar dysfunction in industrialized countries. The pathophysiological substrate of hiber-
nating myocardium constitutes the conceptual target of coronary revascularization by
coronary artery bypass graft (CABG) or coronary angioplasty or percutaneous coronary
intervention (PCI). Studies, mainly observational, conducted in the past have demon-
strated a prognostic benefit of CABG on survival. These findings were confirmed by the
long-term follow-up of the STICH study in which, however, documentation of inducible
ischaemia or myocardial viability was not predictive of a prognostic benefit of CABG.
Revascularization via PCl in the recent REVIVED-BCIS2 study did not demonstrate a sig-
nificant benefit in terms of death or heart failure hospitalization compared with opti-
mal medical therapy. Pending the long-term follow-up of the REVIVED-BCIS2 study,
optimized medical therapy, cardiac resynchronization therapy, and the implantable
cardioverter defibrillator, where indicated, are the mainstay of treatment in patients
with dilated ischaemic cardiomyopathy. The decision for coronary revascularization is
made in the individual patient, possibly with a higher bias in patients with angina,
three-vessel coronary artery disease, severe left ventricular dysfunction, and cardiac

remodelling.

Introduction

In the last decades, heart failure has become responsible
for a progressively increasing number of hospitalizations
and mortality and coronary heart disease has become the
main aetiopathogenetic factor in industrialized countries.

For over a century, it has been known that myocardial hy-
poperfusion, even if not such as to determine the death of
myocytes, can cause a significant impairment of their con-
tractility. In acute, after myocardial infarction, segments
of viable myocardium adjacent to the necrotic area can
show a contractility deficit that can transiently persist for
hours or days even after normal coronary blood flow has
been restored (‘stunned’ myocardium). This is the so-called
myocardial ‘hibernation’, as defined by Rahimtoola in
1985," where there is a persistent contractile dysfunction
secondary to a chronic reduction of the coronary flow at
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rest, such as to keep the ischaemic cells alive but with a sig-
nificant impairment of the contractile function.

The identification of dysfunctional but viable myocar-
dial tissue, capable of improving its function after surgical
or percutaneous revascularization, has been a source of
considerable interest for its important managerial and
prognostic implications in patients with coronary artery
disease and significant left ventricular dysfunction.

Myocardial revascularization in the presence
of ischaemic ventricular dysfunction

The Coronary Artery Surgery Study (CASS) study published
in 19832 was one of the first to demonstrate a survival
benefit obtained with coronary artery bypass graft
(CABG) surgical revascularization in patients with left ven-
tricular dysfunction. In this study, survival was evaluated
in patients with an average age of 55 years and severe
left ventricular dysfunction [left ventricular ejection frac-
tion (LVEF) <35%] depending on whether they were
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treated with medical therapy alone (420 patients) or with
CABG (231 patients). Coronary artery bypass graft was as-
sociated with improved survival, especially for patients
with LVEF <26%, in whom the 5 year survival was 43%
with medical therapy alone vs. 63% with surgery.

These results were confirmed by a large meta-analysis
of 21 studies conducted between 1983 and 2016 with
over 16000 patients with left ventricular dysfunction
(LVEF < 40%) and coronary artery disease in which the prog-
nostic benefit of surgical or percutaneous revascularization
was evaluated [percutaneous coronary intervention (PCI)].>
Compared with medical therapy alone, revascularization
showed a significant reduction in total mortality [CABG haz-
ard ratio (HR) 0.66; PCl HR 0.73], with a significant advan-
tage for CABG intervention over PCI (HR 0.82, P <0.001).

In a more recent large meta-analysis of 20 observational
studies and only 4 randomized clinical trials, Gaudino
et al.* compared the optimal therapeutic strategy
(CABG, PCI, or medical therapy alone) in over 23 000 pa-
tients with ischaemic left ventricular dysfunction.
Coronary artery bypass graft intervention in these patients
was associated with the best survival data, followed by PCI
and finally by medical therapy alone.

In 2011, the STICH study was published® which enrolled
1212 patients aged 60 years on average with severe left ven-
tricular dysfunction (LVEF < 35%) of ischaemic genesis sus-
ceptible to CABG, randomizing them 1:1 to surgical
revascularization vs. medical therapy alone. In the subse-
quent median follow-up of nearly 5 years, death from all
causes (primary endpoint) did not show significant differ-
ences between the two groups (41% medical therapy vs.
36% CABG, P=0.12), mainly due to greater intervention-
related mortality in patients in the CABG group which offset
the subsequent benefit, while there was a slight advantage
with revascularization in cardiovascular mortality (33%
medical therapy vs. 28% CABG, P=0.05) and cumulative in-
cidence of total mortality and hospitalization for cardiovas-
cular causes (68% medical therapy vs. 58% CABG, P < 0.001).

Assuming a follow-up too short to highlight statistical
differences, the same researchers continued the follow-
up of the STICH study for a median of 9.8 years demon-
strating a 16% reduction in total mortality in favour of
the CABG (death from all causes 66% medical therapy vs.
59% CABG, P=0.02).°

A sub-analysis of the STICH study evaluated the effect
on prognosis of three anatomical variables consisting of
three-vessel coronary artery disease, severe left ventricu-
lar dysfunction (LVEF <27%), and high end-systolic left
ventricular volume (>79 mL/m?).” In the 636 patients
with at least 2 of these prognostic factors, mortality was
significantly reduced with CABG intervention compared
to medical therapy alone (HR 0.71), while a benefit of
CABG was not observed in the other patients (HR 1.08).
In particular, a benefit of CABG on total mortality and car-
diovascular mortality was not observed in patients without
three-vessel coronary artery disease. This study demon-
strates that the anatomical extent of coronary artery dis-
ease is an important predictor of the benefit of CABG in
patients with ischaemic cardiomyopathy.

Based on these findings, in the presence of severe left
ventricular dysfunction (LVEF < 35%), the current 2018
European Society of Cardiology guidelines on revasculari-
zation® recommend surgical revascularization in patients
with multivessel coronary artery disease and acceptable

operative risk (class 1, level of evidence B) or, alternative-
ly, percutaneous revascularization (class 2A, level of evi-
dence C) vs. medical therapy alone.

Inducible ischaemia and revascularization in
patients with ischaemic ventricular
dysfunction

The original protocol of the STICH study involved the use
of ischaemia testing by radioisotope stress testing or echo-
cardiography and myocardial viability testing by echocar-
diography, or single-photon emission computed
tomography (SPECT) myocardial scintigraphy.

This assessment became optional during the course of
the study and ischaemia and vitality data were obtained
in only 33% and 50% of patients, respectively.

O’Fee et al.® evaluated the presence of inducible is-
chaemia in 402 patients (mean age 61 years and mean
LVEF 26%) of the STICH study who underwent SPECT or
stress echocardiography with dobutamine and its correl-
ation with prognosis. The 255 patients with inducible is-
chaemia (63% of the total) did not show a significantly
different 10 year mortality compared to patients without
inducible ischaemia, neither on the basis of the presence
nor on the basis of the extent of ischaemia. Similarly,
there were no significant differences in mortality between
patients with or without inducible ischaemia based on ran-
domization to CABG intervention or medical therapy.

Rozanski et al." retrospectively evaluated all patients
undergoing SPECT since 1998 for almost 20 years, looking
for a correlation between the extent of ischaemia, early
myocardial revascularization, and mortality. In 39 883 pa-
tients with LVEF > 45%, early revascularization was benefi-
cial only in the presence of severe ischaemia (HR 0.7),
while in 3556 patients with more severe ventricular dys-
function (LVEF < 45%), early revascularization resulted in
a reduction of mortality in the presence of both moderate
(HR 0.67) and severe (HR 0.55) ischaemia.

Similarly, Rodenas-Alesina et al."" published a study of 747
consecutive patients with LVEF < 40% on an ischaemic basis
who underwent SPECT, evaluating the correlation between
the extent of ischaemia, early myocardial revascularization,
and major adverse cardiovascular events (MACE) consisting
of cardiovascular death, myocardial infarction, and hospital-
ization for heart failure. After a median follow-up of more
than 4 years, early revascularization was significantly re-
lated to a reduction in MACE only in patients with significant
ischaemia defined as ischaemic area > 10% (HR 0.59).

In patients with stable coronary artery disease in the ab-
sence of left ventricular dysfunction, coronary revascular-
ization was not superior to medical therapy. The ISCHEMIA
study'? evaluated the prognosis in 5179 patients with at
least moderate inducible myocardial ischaemia, rando-
mized 1 : 1 to either aninitially invasive strategy (coronary
angiography followed by revascularization) or a conserva-
tive strategy (initial medical therapy and coronary angiog-
raphy only in case of need). In the initially invasive group,
revascularization was performed mainly by PCI (74%) and
only in 26% by CABG. In the subsequent median follow-up
of 3.2 years, the primary composite endpoint of cardiovas-
cular death, myocardial infarction or hospitalization for
unstable angina, heart failure, or resuscitated cardiac ar-
rest did not show significant differences between the two
groups.
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A subsequent sub-analysis of the ISCHEMIA study’® ana-
lysed the small subset of 398 patients with a history of
heart failure or left ventricular dysfunction (LVEF between
35% and 45%) and compared them to other patients. The
history of heart failure was correlated with a greater risk
of cardiovascular events, and in these patients, the early
invasive strategy showed a significant benefit compared
to the conservative one (primary endpoint 17.2% vs.
29.3% at 4 years). On the contrary, in patients without a
history of heart failure, even in the presence of left ven-
tricular dysfunction, early revascularization did not show
advantages over the initially conservative strategy (event
incidence 13.0% vs. 14.6% at 4 years).

Myocardial viability and revascularization in
patients with ischaemic ventricular
dysfunction
The presence of viable but dysfunctional myocardium (hi-
bernating myocardium) may represent a potentially re-
versible element of left ventricular dysfunction and
could distinguish patients undergoing revascularization
in the hope of functional recovery from those without
myocardial viability in whom recovery will be unlikely.
Numerous retrospective observational studies have
evaluated the effects on the prognosis of revasculariza-
tion of areas of hibernating myocardium identified by via-
bility search tests. In a meta-analysis of 24 observational
studies, Allman et al.' evaluated the impact of revascu-
larization compared with medical therapy alone in 3088
patients, mean age 61 years, with severe left ventricular
dysfunction (mean LVEF 32%) who underwent search for vi-
tality. In the follow-up of more than 2 years, in patients
with viability (42%), revascularization was associated
with an almost 80% reduction in annual mortality (revascu-
larization: 3.2%/year—medical therapy 16%/year, P<
0.0001), while in the absence of myocardial viability, no
difference was observed (revascularization: 7.7%/year—
medical therapy 6.2%/year). The results of this
meta-analysis underscore the utility of viability tests to
identify patients with severe left ventricular dysfunction
who may have a prognostic advantage with surgical revas-
cularization. In the subgroup of 601 patients of the STICH
study undergoing vitality research, the possible correl-
ation between the presence of vitality and the benefit of
BPAC on left ventricular function and prognosis at 5 and
10 years was evaluated.' The presence of viability, de-
fined on SPECT as the presence of 11 or more viable seg-
ments and on dobutamine stress echocardiography as 5
or more segments with improvement in systolic function
during testing, was documented in 487 patients (81%). In
a 4 month follow-up, LVEF showed a slight but significant
increase only in patients with vitality (+2.3%) but in any
case comparable between patients undergoing CABG vs.
medical therapy alone. During the 10 year follow-up,
there were no differences in survival based on the pres-
ence or absence of viability (total mortality in patients
with viability 64% and in patients without viability 68%,
P=0.09), nor overall nor within each of the two study
arms (CABG vs. medical therapy alone, P 0.34). Similar re-
sults were obtained for the secondary endpoints (death
from cardiovascular causes and the composite endpoint
of death from any cause or hospitalization for cardiovascu-
lar causes). The authors conclude by stating the

uselessness of vitality tests in predicting a long-term prog-
nostic benefit of CAGB.

Overall, these studies show a probable advantage of re-
vascularization in patients with left ventricular dysfunc-
tion and inducible myocardial ischaemia, the more
marked, the more extensive the area of ischaemia and
the more severe the left ventricular dysfunction.
However, doubts remain about the prognostic benefit of
revascularization in relation to the presence of vitality.

The REVIVED-BCIS2 study

The recent REVIVED-BCIS2 study was desighed and con-
ducted following the hypothesis that in patients with severe
ischemic dilated heart disease and evidence of myocardial
viability, percutaneous revascularization could produce
benefit in terms of survival as well as improvement of the
left ventricular function. These effects could be more evi-
dent than after surgical revascularization, as they are not
burden by the post-operative mortality peak of surgery
found in the STICH study.'® This multicentre study rando-
mized 1:1 700 patients, mean age 70 years, with severe
left ventricular dysfunction (LVEF < 35%), coronary artery
disease amenable to percutaneous revascularization, and
the presence of viability, to PCl in addition to optimized
medical therapy or alone. Viability (70% MRI, 26% DSE,
and 4% SPECT/PET) had to be present in at least four seg-
ments that were dysfunctional and susceptible to revascu-
larization. During the 3.4 year follow-up, the primary
composite end point of all-cause death and heart failure
hospitalization occurred equally in the two groups (PCI
group 37.2% and medical therapy group 38%, HR 0.99).
Similarly, the measurement of LVEF at 6 and 12 months
did not document any differences (on average 27% in both
groups). The only data in favour of PCI were the evaluation
of the quality of life at 6 and 12 months, which however sub-
sequently tends to diminish. The authors conclude that in
the absence of coronary symptoms, there is no indication
for percutaneous revascularization in patients with severe
left ventricular dysfunction and viability.

The editorial accompanying the REVIVED-BCIS2 study'”
emphasizes the need for extended follow-up to be able
to compare results with those of the STICH study. He
then highlights some critical issues relating to the recruit-
ment selection criteria which could have significantly in-
fluenced the result. In particular, it is possible that
patients with more severe three-vessel coronary artery
disease, who would have benefited more from revascular-
ization, were referred for cardiac surgery, while patients
with a relatively small extent of coronary artery disease
were enrolled in the study. It is therefore conceivable
that some of the left ventricular dysfunction may not
have been totally dependent on coronary artery disease.
If this were the case, revascularization via PCl would hard-
ly allow recovery of systolic function.

The population of the REVIVED study was also largely
asymptomatic for heart failure (in 70% NYHA | or Il) and
well treated, and perhaps for these reasons, the study
did not reach the number of events expected to obtain
statistical significance. Compared to the population of pa-
tients enrolled in the STICH study, patients in the REVIVED
study received much more intense pharmacological treat-
ment of heart failure. In particular, a non-negligible pro-
portion of patients (about 50%) were treated with



B78

G. Vassiliki’ Cousoumbas et al.

aldosterone blockers and sacubitril/valsartan (16% in the
PCl arm and 26% in the medical therapy arm), which at
the time of the STICH study (2002-2007) were not available
or not yet recommended by the guidelines. Cardiac resyn-
chronization therapy (CRT) and implantable cardioverter
defibrillator (ICD) were also more frequently used in
REVIVED than in STICH. Optimal pharmacological and elec-
trical treatment of patients enrolled in REVIVED may ex-
plain the low rate of hospitalizations for heart failure
(approximately 15%) observed in both arms of the trial.
On the basis of these considerations, it is evident that,
compared to the CABG of the STICH study, for the PCI of
the REVIVED study, the bar to overcome was placed at a
significantly higher level. We do not know whether an ad-
vantage of PCl over optimal medical therapy alone could
have emerged with a larger series and longer follow-up
(currently underway).

Conclusions

In conclusion, in patients with heart failure and/or left
ventricular dysfunction, the main objective should be to
optimize medical therapy with the use of ARNI and
SGLT2 inhibitors, together with the use of electrical de-
vices, which have demonstrated prognostic benefit and ef-
ficacy in improving LVEF. The decision regarding a possible
coronary revascularization should be implemented in the
individual patient by trying to understand whether the
coronary artery disease has a causal role or is only coinci-
dental with the cardiomyopathy. An increased propensity
for revascularization should probably be legitimate in pa-
tients with angina, three-vessel coronary artery disease,
particularly depressed LVEF, and left ventricular remodel-
ling. Furthermore, the coexistence of significant function-
al mitral regurgitation should be evaluated, since its
reduction through coronary revascularization by CABG or
PCI could allow a favourable prognostic benefit.

Funding
None declared.

Conflict of interest: None declared.

Data availability

No new data were generated or analysed in support of this
research.

References

17.

. Rahimtoola SH. A perspective on the three large multicenter rando-

mized clinical trials of coronary bypass surgery for chronic stable an-
gina. Circulation 1985;72:V123-V135.

. Alderman EL, Fisher LD, Litwin P et al. Results of coronary artery sur-

gery in patients with poor left ventricular function (CASS). Circulation
1983;68:785-795.

. Wolff G, Dimitroulis D, Andreotti F et al. Survival benefits of invasive

versus conservative strategies in heart failure in patients with reduced
ejection fraction and coronary artery disease: a meta-analysis. Circ
Heart Fail 2017;10:e003255.

. Gaudino M, Hameed I, Khan F et al. Treatment strategies in ischaemic

left ventricular dysfunction: a network meta-analysis. Eur J Cardio
Thoracic Surg 2021;59:293-301.

. Velazquez EJ, Lee KL, Deja MA et al. Coronary-artery bypass surgery in

patients with left ventricular dysfunction. N Engl J Med 2011;364:
1607-1616.

. Velazquez EJ, Lee KL, Jones RH et al. Coronary artery bypass surgery in

patients with ischemic cardiomyopathy. N Engl J Med 2016;374:
1511-1520.

. Panza JA, Velazquez EJ, She L et al. Extent of coronary and myocardial

disease and benefit from surgical revascularization in LV dysfunction. J
Am Coll Cardiol 2014;64:553-561.

. Neumann FJ, Sousa-Uva M, Ahlsson A et al. 2018 ESC/EACTS guidelines

on myocardial revascularization. Eur Heart J 2019;40:87-165.

. O’Fee K, Panza JA, Brown DL. Association of inducible myocardial is-

chemia with long-term mortality and benefit from coronary artery by-
pass graft surgery in ischemic cardiomyopathy. Circulation 2021;143:
205-207.

. Rozanski A, Miller RJH, Gransar H et al. Benefit of early revasculariza-

tion based on inducible ischemia and left ventricular ejection fraction.
J Am Coll Cardiol 2022;80:202-215.

. Rodenas-Alesina E, Romero-Farina G, Jordan P et al. Impact of revas-

cularization guided by functional testing in ischaemic cardiomyopathy.
Eur Heart J Cardiovasc Img 2022;23:1304-1311.

. Maron DJ, Hochman JS, Reynolds HR et al. Initial invasive or conserva-

tive strategy for stable coronary disease. N Engl J Med 2020;382:
1395-1407.

. Lopes RD, Maron DJ. Initial invasive versus conservative management

of stable ischemic heart disease in patients with a history of heart fail-
ure or left ventricular dysfunction: insights from the ISCHEMIA trial.
Circulation 2020;142:1725-1735.

. Allman KC, Shaw LJ, Hachamovitch R, Udelson JE. Myocardial viability

testing and impact of revascularization on prognosis in patients with
coronary artery disease and left ventricular dysfunction: a
meta-analysis. J Am Coll Cardiol 2002;39:1151-1158.

. Panza JA, Ellis AM, AlKhalidi HR et al. Myocardial viability and long-

term outcomes in ischemic cardiomyopathy. N Engl J Med 2019;381:
739-748.

. PereraD, Clayton T, O’Kane PD et al. For the REVIVED-BCIS2 investiga-

tors.percutaneous revascularization for ischemic left ventricular dys-
function. N Engl J Med 2022;387:1351-1360.

Kirtane AJ. REVIVE-ing a weak heart—details matter. N. Engl J. Med
2022;387:1426-1427.



	What is the role of coronary revascularization to recover the contractility of the dysfunctional heart?
	Introduction
	Myocardial revascularization in the presence of ischaemic ventricular dysfunction
	Inducible ischaemia and revascularization in patients with ischaemic ventricular dysfunction
	Myocardial viability and revascularization in patients with ischaemic ventricular dysfunction
	The REVIVED-BCIS2 study

	Conclusions
	Funding
	References


