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SYSTEMATIC REVIEW AND META-ANALYSIS

Myocardial Revascularization in Patients 
With Ischemic Cardiomyopathy: For Whom 
and How
Riccardo Liga , MD, PhD; Andrea Colli, MD; David P. Taggart, MD, PhD; William E. Boden, MD;  
Raffaele De Caterina , MD, PhD

BACKGROUND: Myocardial revascularization has been advocated to improve myocardial function and prognosis in ischemic 
cardiomyopathy (ICM). We discuss the evidence for revascularization in patients with ICM and the role of ischemia and viability 
detection in guiding treatment.

METHODS AND RESULTS: We searched for randomized controlled trials evaluating the prognostic impact of revascularization in 
ICM and the value of viability imaging for patient management. Out of 1397 publications, 4 randomized controlled trials were 
included, enrolling 2480 patients. Three trials (HEART [Heart Failure Revascularisation Trial], STICH [Surgical Treatment for 
Ischemic Heart Failure], and REVIVED [REVascularization for Ischemic VEntricular Dysfunction]-BCIS2) randomized patients 
to revascularization or optimal medical therapy. HEART was stopped prematurely without showing any significant difference 
between treatment strategies. STICH showed a 16% lower mortality with bypass surgery compared with optimal medical ther-
apy at a median follow-up of 9.8 years. However, neither the presence/extent of left ventricle viability nor ischemia interacted 
with treatment outcomes. REVIVED-BCIS2 showed no difference in the primary end point between percutaneous revasculari-
zation or optimal medical therapy. PARR-2 (Positron Emission Tomography and Recovery Following Revascularization) rand-
omized patients to imaging-guided revascularization versus standard care, with neutral results overall. Information regarding 
the consistency of patient management with viability testing results was available in ≈65% of patients (n=1623). No difference 
in survival was revealed according to adherence or no adherence to viability imaging.

CONCLUSIONS: In ICM, the largest randomized controlled trial, STICH, suggests that surgical revascularization improves pa-
tients’ prognosis at long-term follow-up, whereas evidence supports no benefit of percutaneous coronary intervention. Data 
from randomized controlled trials do not support myocardial ischemia or viability testing for treatment guidance. We propose 
an algorithm for the workup of patients with ICM considering clinical presentation, imaging results, and surgical risk.

Key Words: coronary artery bypass surgery ■ hibernation ■ ischemic cardiomyopathy ■ myocardial ischemia ■ myocardial 
revascularization ■ myocardial viability ■ percutaneous coronary intervention

Ischemic heart disease, most often a result of underlying 
obstructive epicardial coronary artery disease (CAD), is 
the most frequent cause of left ventricular (LV) systolic 

dysfunction, ultimately leading to heart failure (HF).1,2 In 
this setting, the term “ischemic cardiomyopathy” (ICM) 
is generally used to identify the presence of significant 
LV systolic dysfunction coexisting with—and thought to 
be caused by—severe CAD (ie, significant left-main or 

multivessel CAD with or without prior myocardial infarc-
tion [MI]).3 Although most of the available evidence on 
ICM has been derived from patients with HF and “se-
verely” reduced ejection fraction (EF <35%–40%),4–6 it 
is now well appreciated that HF with mildly reduced EF 
(EF=41%–49%) also portends increased cardiovascular 
risk, those patients having a similar clinical profile and 
sharing the same diagnostic and treatment algorithms 
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as patients with HF with reduced EF.7 The presence of 
ICM has classically identified a category of patients at 
high risk of adverse cardiac events, with historical data 

demonstrating an almost 30% worse 5-year survival in 
such patients compared with those with nonischemic 
LV systolic dysfunction.8 Yet, the most appropriate man-
agement strategy here is still debated. Patients with ICM 
have been systematically excluded from the most recent 
randomized controlled trials (RCTs) on the management 
of subjects with chronic coronary syndrome (CCS),9,10 
leaving significant uncertainty about the applicability of 
results from those studies to this specific high-risk pop-
ulation. For example, despite data accumulated from 
multiple RCTs showing the lack of prognostic benefit of 
myocardial revascularization (largely percutaneous cor-
onary intervention [PCI]) in a large proportion of patients 
with CCS and stable CAD, and pointing to optimal med-
ical treatment (OMT) alone as the most appropriate initial 
treatment management strategy,9–11 current guideline 
recommendations still favor—and actually recommend—
“complete” myocardial revascularization in patients with 
ICM, without specifying how to achieve it.12,13

Most of the evidence favoring myocardial revas-
cularization (here we prefer the term “myocardial” in-
stead of the often used “coronary” revascularization) in 
ICM derives from older observational studies,14,15 with 
much more equivocal data coming from RCTs.4–6,16,17 
Similarly, although recent evidence has questioned the 
role of functional cardiac imaging for risk stratification 
and management of patients with CCS and preserved 
LV systolic function,10,18–20 a systematic assessment of 
myocardial viability is still advocated in patients with 
ICM to guide clinical decision-making and the need 
for myocardial revascularization.12,21,22 The purported 
evidence derived from historical observational data in 
support of a prognostic benefit of myocardial revascu-
larization in patients with ICM and significant myocar-
dial viability15 is counterbalanced by conflicting results 
from more contemporary RCTs that have largely ques-
tioned the role of an imaging-guided approach in this 
high-risk population.23,24

With these considerations in mind, we undertook 
a systematic review of the existing evidence deriving 
from dedicated RCTs to appraise (1) the role of myo-
cardial revascularization in treating patients with ICM; 
and (2) the assessment of myocardial viability and 
ischemia in guiding treatment options, eventually in-
terpreting the available evidence and translating it into 
a practical approach. This review is an extended and 
updated version of a recently published ViewPoint of 
ours on the same subject.25

METHODS
The authors declare that all supporting data are avail-
able within the article and its online supplementary file.

We conducted a systematic review in accordance 
with the Preferred Reporting Items for Systematic 

CLINICAL PERSPECTIVE

What Is New?
•	 Myocardial revascularization has been advo-

cated to improve myocardial function and prog-
nosis in ischemic cardiomyopathy and is widely 
practiced, with an increasing proportion of re-
vascularization being done, but evidence for its 
benefits and for the role of ischemia and viability 
detection in guiding treatment is very limited.

What Are the Clinical Implications?
•	 Neither the extent of myocardial viability nor the 

extent of left ventricular inducible ischemia ap-
pear to interact with treatment strategies in fa-
vorably affecting outcomes.

•	 The role of pretreatment assessment of myo-
cardial viability in guiding treatment and predict-
ing individual patients’ benefit from myocardial 
revascularization can be neither affirmed nor 
refuted.

•	 Available evidence, however, supports surgical 
revascularization in patients with coronary ar-
tery disease and severely depressed left ven-
tricular systolic function, although the benefit of 
coronary bypass surgery over optimal medical 
therapy appears to become significant only late 
during a long-term follow-up.

Nonstandard Abbreviations and Acronyms

CCS	 chronic coronary 
syndrome

ICM	 ischemic cardiomyopathy
MR	 mitral regurgitation
OMT	 optimal medical therapy
PARR	 Positron Emission 

Tomography and Recovery 
Following Revascularization

REVIVED-BCIS2R	 Revascularization for 
Ischemic Ventricular 
Dysfunction

SCAAR	 Swedish Coronary 
Angiography and 
Angioplasty Registry

SPECT	 single-photon emission 
computed tomography

STICH	 Surgical Treatment for 
Ischemic Heart Failure
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Reviews and Meta-Analyses guidelines.26,27 We identi-
fied eligible studies through search of the PubMed bib-
liographical database, the Cochrane Library, and the 
Scopus database (end-of-search date: October 2022). 
We also searched reference lists of studies included 
for further relevant publications that could have been 
missed in the original search. The literature search 
strategy was executed by 2 independent investigators 
(R.L., R.D.C.) using the following algorithm based on 
the combinations of the terms “myocardial/coronary 
revascularization,” “heart failure,” and/or “left ventric-
ular dysfunction” using Medical Subject Headings. 
Finally, we manually retrieved and further reviewed 
references of eligible articles on myocardial revascu-
larization in ICM. We screened titles and abstracts of 
all publications first according to the eligibility criteria, 
resolving discrepancies through consensus whenever 
necessary, and then analyzed screened trials in detail.

Eligibility Criteria
For the present systematic review, publications were 
eligible if they reported on RCTs enrolling patients with 
ICM submitted to either myocardial revascularization 
or OMT. Specifically, only original studies reporting 
on demographics, clinical characteristics, myocardial 
functional data, and outcomes of patients with ICM 
undergoing myocardial revascularization were eligible. 
We excluded (1) papers published in languages other 
than English, (2) nonrandomized studies, (3) animal 
studies, and (4) reviews and meta-analyses. We ap-
plied no sample size restriction for eligible studies.

Data Extraction and Tabulation
Publications identified in the screening phase were 
then reviewed in the full texts, and major data were 
extracted and tabulated using a standardized, prede-
fined, form. Data extraction parameters were deter-
mined a priori and included year of publication, years 
of recruitment, sample size, inclusion and exclusion 
criteria, patient characteristics (age, sex, New York 
Heart Association functional class, cardiac functional 
data, EF), and type of revascularization. From each 
study we also retrieved data on cardiac imaging mo-
dalities used for patients’ characterization, with special 
attention to the assessment of myocardial viability and 
the presence/extent of ischemia. Outcome measures 
of all-cause death and cardiac death were also ex-
tracted whenever available. When viability imaging was 
performed, information on the adherence of patients’ 
management to the presence of myocardial viability 
was retrieved from each study. Patient management 
was deemed adherent to viability imaging if myocar-
dial revascularization was performed only in the pres-
ence of significant myocardial viability—as defined by 
the trial inclusion criteria.23,28,29 All other combinations 

of management were considered nonadherent to the 
results of viability imaging.

Statistical Analysis
We assessed the impact of adherence to viability 
imaging on patients’ outcome. Data were analyzed 
according to the intention to treat. Results of all stud-
ies were combined using a random-effects model to 
minimize between-groups heterogeneity and con-
firmed by a fixed-effects model to avoid overweight-
ing of smaller studies. Heterogeneity was assessed 
using the Cochran’s Q tests. To limit heterogeneity of 
the analysis, for each study included we considered 
events occurring at a comparable follow-up duration 
(≈4–5 years). Trial-level and pooled estimates are re-
ported as hazard ratios (HR) and 95% CIs. Risk distri-
bution is presented by forest plots with weighting and 
shows both random- and fixed-effects models. For 
summary estimates, a P≤0.05 (2 tailed) was consid-
ered statistically significant. Analyses were conducted 
using the R Project version 4.0.2 software for statisti-
cal computing and the Comprehensive Meta-Analysis 
Biostat Software 2.0.

LITERATURE SEARCH OUTCOMES
A flow chart depicting the selection process of the 
studies is shown in Figure 1.27 The initial search yielded 
1397 full publications. Of these, 18 were duplicates. 
After initial review by the authors, 1354 papers were 
excluded based on the abstract because they did not 
satisfy the inclusion criteria. Overall, 25 studies satis-
fied the predetermined search criteria, of which an ad-
ditional 21 were excluded after revision of the full text 
because they were either papers reporting a study 
design or were subanalyses of the main RCTs. Four 
studies were therefore ultimately included in the pre-
sent review.

Table 1 summarizes the characteristics of the 4 se-
lected studies. The trials took place between 2000 and 
2021 and enrolled a total of 2480 patients with ICM 
and LV systolic dysfunction (EF <35%). The majority of 
patients (49%) were enrolled from the STICH (Surgical 
Treatment for Ischemic Heart Failure) trial,16 28% were 
enrolled from the REVIVED (Revascularization for 
Ischemic Ventricular Dysfunction)-BCIS2 trial,17 17% 
were enrolled from the PARR-2 (Positron Emission 
Tomography and Recovery Following Revascularization) 
trial,6 and only 6% from the HEART (Heart Failure 
Revascularisation Trial).5 In STICH, REVIVED-BCIS2, 
and HEART, all patients were randomized to either 
myocardial revascularization on top of OMT or OMT 
alone, whereas PARR-2 compared an imaging-guided 
management approach versus standard care. In 
REVIVED-BCIS2 and HEART, viability imaging was 
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required in all patients, whereas in STICH, the decision 
to perform viability imaging was left to the discretion of 
treating physicians, such that treatment was not ran-
domized according to imaging results.

A detailed description of the 4 studies is provided 
here.

The STICH Trial

STICH randomized 1012 patients with CAD and severe 
LV systolic dysfunction (EF <35%) to either surgical re-
vascularization on top of OMT or OMT alone.16 After 
a median follow-up of 56 months, no significant differ-
ence between the 2 arms in the primary outcome was 
evident in the prespecified intention-to-treat analysis. 
However, curves depicting the accrual of events over 
time crossed over at ≈2 years, with a signal for a lower 
event rate in the coronary artery bypass graft (CABG) 
arm in the long run.30 There was a significant crossover 
between the 2 study arms, with 17% of the patients 
originally randomized to OMT ultimately undergoing 
myocardial revascularization. At the per-protocol anal-
ysis, the CABG arm showed a rate of all-cause death 
24% lower than the OMT arm (P=0.005).16

More recently, the results of the STICH Extended 
Study (STICHES; median follow-up 9.8 years) showed 
a 16% lower all-cause mortality in the CABG group 
compared with the OMT group (P=0.02).4 In subgroup 
analyses, patients with either 3-vessel CAD (P=0.04) or 
a severely remodeled LV (LV end-systolic volume index 

>78 mL/m2 or EF <27%: P=0.03) appeared to benefit 
the most from revascularization.31,32

In 18% of the STICH patients a moderate-to-severe 
mitral regurgitation (MR) was also present.16 While in 
these patients CABG had practically no prognostic 
impact over OMT (overall survival 48% versus 50%; 
HR, 0.92 [95% CI, 0.63–1.35]),33 a significant interac-
tion between simultaneous surgical MR correction and 
the long-term event-rate was observed. In fact, only 
patients also treated with mitral valve repair benefitted 
from surgical revascularization (overall death rate 43%; 
HR versus OMT, 0.68 [95% CI, 0.41–1.12]), whereas 
those undergoing isolated CABG did not (HR versus 
OMT, 1.20 [95% CI, 0.77–1.87]).33

Two prespecified substudies of STICH evaluated 
the interaction between myocardial perfusion patterns 
and the impact of revascularization. In the viability 
substudy, 601 patients underwent myocardial viability 
assessment with either single-photon emission com-
puted tomography (SPECT) imaging or dobutamine 
stress echocardiography.23 After multivariable adjust-
ment, no association between the presence of myo-
cardial viability and patients’ prognosis was observed 
(P=0.21).23,32 Moreover, at an extended follow-up 
(10.4 years), no significant interaction between myo-
cardial viability and treatment allocation was observed, 
both regarding all-cause (P for interaction 0.34) and 
cardiovascular mortality (P for interaction 0.07).34

The second substudy included 399 patients who 
underwent myocardial ischemia imaging with either 
SPECT or dobutamine stress echocardiography, 199 
of whom had moderate-to-severe myocardial per-
fusion abnormalities (ie, involving >10% of the LV).24 
There was no difference in all-cause mortality between 
patients with and without inducible ischemia (P=0.28). 
Similarly, no interaction was found between study 
treatment (revascularization or OMT) and the presence 
or absence of ischemia.

REVIVED-BCIS2 Trial

REVIVED-BCIS2 enrolled 700 patients with LVEF ≤35%, 
extensive CAD (as defined as a British Cardiovascular 
Intervention Society jeopardy score of ≥6), and ascer-
tained viability in at least 4 dysfunctional myocardial 
segments amenable to percutaneous revasculariza-
tion.17 Ninety-five (14%) and 408 (58%) patients had a 
significant left main or proximal left anterior descend-
ing stenosis, respectively, with most of the enrolled 
subjects showing multivessel CAD (89%). Patients 
were randomized to either OMT alone or PCI on top of 
OMT, with the aim of revascularizing all diseased proxi-
mal coronary vessels subtending areas of viable myo-
cardium. After a median of 41 months, no difference in 
the primary end point (all-cause death and hospitaliza-
tion for HF) was evident between the 2 arms (HR, 0.99 

Figure 1.  Study selection according to the preferred 
reporting items for systematic reviews and meta-analyses: 
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Statement.27

RCT indicates randomized controlled trial.

Records identified through 
database searching

(n = 1397)

Records after duplicates removed
(n = 1379)

Records screened
(n =  1379)

Non-RCTs excluded
(n = 1354)

Full-text articles 
assessed for eligibility

(n = 25)

Full-text articles excluded, 
with reasons:
•Substudies (n = 17)
•Not assessing 
revascularization (n = 4)

Studies included in 
qualitative synthesis

(n = 4)
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[95% CI, 0.78–1.27]; P=0.96). Similarly, after prolonged 
follow-up no significant difference in the secondary 
outcomes was observed between treatment arms, 
including no interaction between treatment alloca-
tion and either symptoms status, quality-of-life meas-
ures, or LVEF changes at follow-up (mean difference 
at 12 months, 0.9% [95% CI, −1.7 to 3.4]). Moreover, 
no interaction between the completeness of coronary 
revascularization (median anatomical completeness 
71%) and patients’ prognosis was observed.

The PARR-2 Trial

PARR-2 included 430 patients with ICM and LVEF <35% 
randomized to either an imaging-guided management, 
or standard care.6 Patients randomized to the imaging 
strategy underwent cardiac positron emission tomog-
raphy (PET) with fluorodeoxyglucose for the evaluation 
of myocardial viability and prediction of the likelihood of 
EF recovery following revascularization.35,36 Hence, an 
invasive management was mandated in patients with 
high-to-moderate likelihood of recovery after myocardial 
revascularization and discouraged in those with low like-
lihood of recovery. A significantly higher proportion of pa-
tients enrolled in the PET arm than in the standard-care 
arm underwent surgical revascularization (48% versus 
35%, P=0.007). Overall, the study could not demonstrate 
significantly less cardiac events in patients randomized 
to the PET-guided management versus standard care 
(relative risk [RR], 0.82 [95% CI, 0.59–1.14]; P=0.16). 
However, in ≈25% of the patients randomized to PET, the 
final management was not adherent to imaging results, 
mostly because of inappropriately deferred revasculari-
zation despite the demonstration of extensive myocar-
dial viability. When those patients were excluded from 
the survival analysis, in the remaining 138 patients who 
adhered to the PET-guided management, a prognostic 
benefit was observed over standard care (RR, 0.73 [95% 
CI, 0.54–0.99]; P=0.042).28 However, the event rate dif-
ference was primarily driven by the “soft” cardiac rehos-
pitalization end point (39% in the PET arm versus 46% 
in the standard-care arm; P=0.04), with lack of impact 
of viability-guided management on major end points 
(overall and cardiac mortality). In post hoc analyses, 
those with more extensive myocardial viability (>7% of 
hibernating myocardium) appeared to benefit the most 
from myocardial revascularization (1-year event rate 13% 
versus 56% in nonrevascularized patients; P=0.015),36 as 
well as those in an experienced center with ready access 
to (18)F-fluorodeoxyglucose and integration with imag-
ing, HF, and revascularization teams.37

The HEART Trial

HEART was originally meant to enroll 800 patients with 
established ICM, severely reduced LVEF (<35%), and 

a significant burden of residual myocardial viability on 
preenrollment imaging.5,29 Patients were randomized to 
either OMT or an invasive management with the intent 
to proceed to revascularization. The study was, how-
ever, halted prematurely because of slow recruitment, 
and only 138 patients were ultimately randomized. In 
this largely underpowered cohort, no significant differ-
ence was found between patients randomized to ei-
ther management strategies.

Detailed information on the cardiac imaging sub-
studies of STICH and PARR-2 is summarized in Table 2.

Outcomes According to Viability 
Demonstration

Information regarding the adherence of patient 
management to results of viability imaging was avail-
able in only 1623 subjects. Most of those patients were 
enrolled in REVIVED-BCIS2 (N=700; 43%)17 and STICH 
(N=601; 37%),23 with only 11% and 9% of patients en-
rolled in PARR-228 and HEART,5 respectively. Patient 
management was guided by the results of viability im-
aging in 858 patients (53%), whereas it was indepen-
dent of imaging results in 765 patients. As shown in 
Figure 2,5,17,23,28 there was no significant difference in 
patient mortality according to adherence or nonadher-
ence to viability imaging (odds ratio [OR], 0.92 [95% CI, 
0.75–1.14]), with a similar long-term event rate in the 2 
patients’ categories (34% in adherent versus 36% in 
nonadherent). No significant between-study heteroge-
neity was revealed.

OVERALL APPRAISAL
Current evidence on the role of revascularization in 
patients with ICM and severe LV systolic dysfunction 
is derived from a limited number of RCTs. We found 
that available evidence, recently reinforced by the re-
sults of the REVIVED-BCIS2 trial,17 supports surgical 
revascularization rather than PCI in patients with CAD 
and severely depressed LV systolic function, although 
the benefit of CABG over OMT appears to become 
significant only late during a long-term follow-up. 
Importantly, neither the extent of myocardial viability 
nor the extent of LV inducible ischemia appears to in-
teract with treatment strategies in favorably affecting 
outcomes. Moreover, the role of pretreatment assess-
ment of myocardial viability in guiding treatment and 
predicting individual patients’ benefit from myocardial 
revascularization can be neither affirmed nor refuted.

The Role of Viability Assessment
LV dysfunction in patients with CAD is not necessar-
ily an irreversible condition, as it may improve after 
myocardial revascularization3,38 with the rescuing of 
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hibernating myocardium—but also with intensive, tar-
geted secondary prevention through OMT—by en-
hancing reverse remodeling.39 Therefore, evaluation 
of the presence and extent of myocardial viability has 
been traditionally advocated in the assessment of pa-
tients with ICM and generally considered a predictor of 
LV functional improvement after revascularization.40 In 
this regard, the meta-analysis by Allman et al., including 
24 small single-center studies with a cumulative popu-
lation of 573 patients with CAD and LV systolic dys-
function (mean LVEF 33%, range 27%–46%), showed 
that the presence of myocardial viability predicted a 
large and significant benefit from myocardial revascu-
larization (% death rate/year: 16% with OMT and 3.2% 
with myocardial revascularization).41 However, included 
studies were limited by their retrospective design, 
heterogeneous methodologies and definition of myo-
cardial viability, nonuniform correction for baseline vari-
ables, nonstandardized treatment protocols, and the 
absence of randomization, this last limiting the possi-
bility of avoiding systematic bias.

The STICH trial for the first time provided prospec-
tive evidence on the relationship between myocardial 
viability and myocardial revascularization in patients 

with ICM.23,34 Although the long-term results of the trial 
favored myocardial revascularization,4 the prespec-
ified viability substudy did not show any interaction 
between extent of viable LV myocardium and pa-
tient treatment allocation (Table 1 and Table 2).23,32,34 
Moreover, although the presence of myocardial via-
bility was associated with a marginal improvement of 
LVEF (+2.29±0.56%) during a long-term follow-up, this 
was neither related to treatment allocation nor did it 
affect the overall survival,34 a finding further supported 
by recent retrospective evidence suggesting the ab-
sence of a prognostic interaction between surgical 
revascularization and postoperative changes of LVEF 
in patients with CAD and LV systolic dysfunction at 
large.42 There were, however, limitations of the STICH 
substudy, including the nonrandomized design and the 
inhomogeneity of imaging protocols used for the eval-
uation of viability (eg, 5 SPECT protocols allowed),16,23 
with a rather liberal definition of viability thresholds.43 
In addition, because STICH did not incorporate the 
more accurate noninvasive imaging modalities—such 
as cardiac magnetic resonance (cMRI) imaging and 
PET—there were inherent limitations in the accuracy of 
myocardial viability assessment.40,43,44

Table 2.  Characteristics of the Studies Evaluating the Interaction Between Myocardial Viability or Ischemia and Coronary 
Revascularization

STICH viability substudy STICH ischemia substudy PARR-2

Number of patients 601 399 392

Primary outcome All-cause mortality All-cause mortality Cardiovascular death, myocardial 
infarction, cardiac rehospitalization

Secondary outcome Cardiovascular death, death by 
any cause, hospitalization for 
cardiovascular cause

Cardiovascular death, death by any 
cause, hospitalization for cardiovascular 
cause

LVEF at enrollment 27% 26% 25%

Imaging Stress echo, SPECT Stress echo, SPECT PET (197 pts) vs standard of care  
(195 pts)

Parameter used to stratify 
patients (extent of viability 
or ischemia)

Stress echo: ≥5 disfunctional 
segments showing recovery 
during dobutamine infusion 
SPECT: ≥11 viable segments

Stress echo: ischemic response ≥2 left 
ventricle segments

LVEF recovery likelihood:

SPECT: summed difference score ≥4 - Low: predicted LVEF increase ≤3%

- Moderate: 3%–5%

- High: ≥5%

Revascularization 
technique

CABG CABG CABG and percutaneous coronary 
intervention

Median follow-up, y 5.1
10.4 (extended follow-up analysis)

4.7 5

Outcome No correlation between viability 
and CABG-related benefit vs 
mortality (P for interaction 0.34)

No correlation between inducible 
ischemia and benefit from CABG vs 
medical therapy (HR, 0.83 [95% CI, 
0.56–1.23])

Only in 138/197 patients was the 
management adherent to PET findings. 
Significant reduction in cardiac events 
in PET-adherent patients compared 
with standard care (51% vs 57%; HR, 
0.73 [95% CI, 0.54–0.99]; P=0.042)

Reference Bonow et al23

Panza et al34
Panza et al24 McArdle et al28

D’Egidio et al36

CABG indicates coronary artery bypass grafting; HR, hazard ratio; LVEF, left ventricular ejection fraction; PARR-2, Positron Emission Tomography and 
Recovery Following Revascularization; PET, positron emission tomography; SPECT, single-photon emission cardiac tomography; and STICH, Surgical 
Treatment for Ischemic Heart Failure.
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In this regard, earlier retrospective data had sug-
gested that the presence of extensive (>15%–20% of 
the LV mass) hibernating myocardium on PET imaging 
could predict patients who benefit from myocardial re-
vascularization.15 Those data are apparently supported 
by the results of the small Ottawa substudy of PARR-2 
(with 111 patients enrolled), which reported significantly 
lower cardiac events with PET-guided myocardial re-
vascularization versus standard care (HR, 0.34 [95% 
CI, 0.16–0.72]; P=0.005).37 Nevertheless, the study 
was not powered to assess differences in overall or 
cardiac mortality, significantly limiting its generalizabil-
ity. However, in disagreement with those findings, the 
recent REVIVED-BCIS2 trial excluded a favorable func-
tional impact of coronary revascularization over OMT 
in contemporary patients with ICM and extensive myo-
cardial viability (no significant difference on LVEF at fol-
low-up between PCI [33.8%] and OMT [32.9%], P=not 
significant), as mostly demonstrated by state-of-the-
art imaging techniques (cMRI performed in ≈70% and 
SPECT/PET in ≈4%),17 further downplaying the possi-
ble impact of viability assessment in such patients.

In our meta-analysis including all the available evi-
dence deriving from the major RCTs performed in ICM 
to date, there was no significant incremental value of 
viability-guided management (ie, myocardial revascular-
ization in patients with significant viability plus OMT ver-
sus OMT alone) on survival (Figure 2), with similar event 
rates whether or not patients’ revascularization was 

guided by the results of viability imaging. Although in real-
life treatment decisions are likely to be also influenced 
by the presence of underlying clinical confounders (eg, 
comorbidities or frailty)45,46—possibly affecting the ex-
pected results of surgical revascularization—the present 
results seem of particular relevance in patients with ICM 
and (more) severe LV impairment, where clinical evolution 
of the disease becomes progressively dominated by HF 
symptoms and pathophysiology rather than by angina,47 
and where events secondary to the natural progression 
of LV systolic dysfunction at one point outweigh those re-
lated to CAD and to the risk of future ischemic events.4,30 
This inconclusive evidence for a viability-guided manage-
ment is at odds with previous data suggesting a survival 
benefit with revascularization compared with OMT alone 
in patients with viable myocardium (RR, 0.31 [95% CI, 
0.25–0.39]; P<0.05),48 a concept also supported by re-
cent retrospective results showing that revascularization-
associated EF improvement—as the likely result of 
rescued hibernating myocardium—may be associated 
with a significant survival advantage in ICM (10% reduc-
tion in the rate of death and HF hospitalization for each 
5% improvement of EF at 5-year follow-up).42 Although 
deriving from nonrandomized studies, those data could 
somehow support viability-guided revascularization in 
selected patients with ICM, particularly if at high surgical 
risk, vouching for the need of dedicated RCTs to provide 
a solid conclusion on the topic, at the moment still the 
subject of clinical speculation.

Figure 2.  Effect of viability-guided management on all-cause and cardiac mortality in randomized controlled trials of 
patients with ischemic cardiomyopathy.5,17,23,28

No difference in the event rate was observed in patients in whom revascularization was performed in adherence to the results of 
viability assessment versus in those labeled as nonadherent. HEART indicates Heart Failure Revascularisation Trial; PARR-2, Positron 
Emission Tomography and Recovery Following Revascularization; REVIVED-BCIS2, Study of Efficacy and Safety of Percutaneous 
Coronary Intervention to Improve Survival in Heart Failure; and STICH, Surgical Treatment for Ischemic Heart Failure.

STICH23 116/304 120/29

HEART5 26/69 25/69

PARR-228 37/138 16/46

REVIVED-BCIS217 110/347 115/353

Total (fixed effects) 289/858 276/765

Total (random effects) 289/858 276/765

Test for heterogeneity
Q 0.8882
DF 3
Significance level P = 0.8283

0.910                   0.656–1.263 37%

1.064 0.533–2.125 9%

0.687 0.336–1.403 11%

0.961 0.699 –1.319 43%

0.923 0.750–1.136 100%

0.922 0.750 –1.135 100%

Study Intervention Controls Relative risk          95% CI                   Weight

Management adherent 
to viability assessment

Management nonadherent 
to viability assessment

0.1 1 10
Relative risk
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The Role of Ischemia Testing in Guiding 
Revascularization
Myocardial revascularization currently remains a widely 
recognized class I recommendation for patients with 
multivessel CAD, inducible myocardial ischemia, and 
severely reduced LVEF to improve prognosis.12,13 
However, these recommendations are based largely 
on historical data reporting a dismal outcome of medi-
cally managed patients with multivessel CAD and myo-
cardial ischemia in an era before the advent of modern 
OMT.49 The MASS II study (Medicine, Angioplasty, 
or Surgery Study), reported in 2007, randomized 611 
patients with 2- or 3-vessel CAD to myocardial revas-
cularization, by either PCI or CABG, or to OMT.50 Of 
these patients, 270 had objective evidence of ischemia 
at an exercise stress test. Over a 10-year follow-up, 
patients randomized to OMT had a significantly higher 
event rate (total mortality, Q-wave MI, and angina re-
quiring revascularization) than those undergoing CABG 
(59% versus 35%, respectively). However, this differ-
ence was largely explained by a higher rate of non-
fatal MI and urgent revascularization, whereas total 
mortality did not differ significantly between treatment 
arms.51 Documented myocardial ischemia was nei-
ther associated with improved patient outcomes nor 
did it interact with treatment (HR, 1.00 [95% CI, 0.80–
1.27]; P=0.95).52 Additionally, a widely cited report by 
Hachamovitch et al, including observational data from 
>13 000 patients who had undergone SPECT imaging, 
concluded for the absence of any prognostic relevance 
of inducible myocardial ischemia in patients with ex-
tensive myocardial scar (ie, >10% of the LV myocar-
dium),53 a condition frequently encountered in ICM. 
Notably, this study was nonrandomized and antedated 
the modern era of OMT, which may have biased out-
comes in favor of revascularization.

In line with these findings, data from the nuclear 
substudy of the STICH trial also could not document 
any beneficial impact of ischemia-guided myocardial 
revascularization in patients with ICM, both as to the in-
cidence of all-cause death (35% versus 33%; P=0.64) 
and as to the secondary end point (all-cause death or 
hospitalization for cardiovascular causes) (57% versus 
58%; P=0.90).24 Those results were recently further 
confirmed by a nonprespecified post hoc analysis of 
the same trial, demonstrating that presence or ab-
sence of ischemia does not interact with the prognos-
tic benefit derived from CABG compared with OMT.54 
At partial disagreement with previous evidence, a 
subanalysis of the ISCHEMIA (International Study of 
Comparative Health Effectiveness With Medical and 
Invasive Approaches) trial has suggested a benefit 
of myocardial revascularization in patients with HF.55 
However, in that study positive effects of revascular-
ization were evident only in a subgroup of 28 patients 

with HF and mild-to-moderately reduced LVEF (35%–
45%), making the findings, at best, only hypothesis 
generating.

Although these reports are entirely consistent with 
recent evidence questioning the role of an ischemia-
guided management in patients with CAD at large,10 to 
date no RCT has objectively evaluated the prognostic 
impact of myocardial ischemia in patients with ICM, 
leaving very relevant doubts on the role of ischemia 
testing in this category of patients. Thus, based on ex-
isting data, there is currently no compelling justification 
for myocardial revascularization in patients with ICM 
and suitable coronary anatomy based on the presence 
and extent of inducible myocardial ischemia alone.

Type of Revascularization: PCI Versus 
CABG Surgery
Old data from the CASS (Coronary Artery Surgery 
Study) registry more than 3 decades ago in the pre-
OMT era showed that medically managed patients 
with CAD and LV systolic dysfunction (EF <35%) had 
a dismal prognosis at a long-term follow-up compared 
with those submitted to myocardial revascularization 
(5-year survival 54% versus 68%; P=0.0007).56 In this 
setting, the surgical benefit was most apparent for 
patients with EF ≤25% (43% 5-year survival with the 
medical therapy available at that time versus 63% with 
CABG). Conversely, the long-term survival of patients 
with less severe LV functional impairment (EF 31%–
35%) was not influenced by the management strategy 
(64% with medical therapyversus 73% with CABG).56

Those pioneering results were confirmed by more 
contemporary data obtained in patients with ICM, 
supporting the existence of a significant interaction 
between the extent and severity of both CAD and LV 
systolic dysfunction on the one hand and the bene-
fits associated with surgical revascularization on the 
other.4,31 In the STICH era of almost contemporary 
OMT, however, only patients with 3-vessel CAD ben-
efitted from CABG (overall survival of CABG versus 
OMT: HR, 0.79 [95% CI, 0.63–0.99]; P=0.046), whereas 
those with more limited CAD extent did not (HR, 0.98, 
[95% CI, 0.73–1.32]; P=0.906).31

Regarding the best revascularization strategy to be 
pursued in patients with ICM, some initial data seemed 
to suggest a comparable event rate in patients under-
going either PCI or CABG (HR, 1.01 [95% CI, 0.81–1.28]; 
P=0.91), at least during a short-term follow-up (median 
2.9 years).57 However, more prolonged observations 
(median follow-up of 5.1 years) documented the superi-
ority of CABG over PCI in the CREDO-Kyoto (Coronary 
Revascularization Demonstrating Outcome Study in 
Kyoto) registry, with an event rate in patients with ICM 
higher with PCI than CABG (HR, 1.49 [95% CI, 1.04–
2.14]; P=0.03).58 The APPROACH (Alberta Provincial 
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Project for Outcome Assessment in Coronary Heart 
Disease) study showed that in patients with CAD and 
severe LV dysfunction the prognostic benefit of CABG 
over PCI was maintained even at the 15-year follow-up 
(HR, 1.21 [95% CI, 1.00–1.46]).59 Similar results come 
from the retrospective analysis of the Ontario Registry 
in 12 113 patients with LVEF <35% and left anterior de-
scending, left main, or multivessel CAD (with or without 
left anterior descending coronary artery involvement) 
who underwent PCI or CABG, showing a survival ben-
efit of CABG versus PCI across different subgroups, 
including patients with left anterior descending–only 
disease.60 These data are similar to those arguing for 
a superiority of CABG over PCI on adverse cardiac 
events in patients with multivessel CAD at large, partic-
ularly in the presence of higher anatomical complexity 
(eg, a SYNTAX score >23),61 where CABG achieves a 
rate of complete revascularization significantly higher 
than PCI. The missed achievement of “complete” re-
vascularization is a condition strongly associated 
with unfavorable outcomes in the long-term (all cause 
death: 50% at a 10-year follow-up versus 22% in pa-
tients achieving complete revascularization; P<0.001).62 
Similarly, available evidence supports the choice of 
surgical revascularization over PCI also in the presence 
of a heightened clinical risk, such as in the presence of 
peripheral artery disease,63 or, most important, in those 
with diabetes, as in the randomized FREEDOM (Future 
Revascularization Evaluation in Patients With Diabetes 
Mellitus: Optimal Management of Multivessel Disease) 
trial, where subjects with multivessel CAD and dia-
betes had a better survival in the long-term follow-up 
(median 7.5, range 0–13.2 years) with CABG than with 
PCI (10.9% versus 16.3%; P=0.049).64 The relative su-
periority of CABG over PCI in patients with ICM has 
been confirmed also by a recent meta-analysis, in-
cluding >10 000 patients, demonstrating a higher rate 
of all-cause death with PCI versus CABG (HR, 1.43 
[95% CI, 1.07–1.90]).65 These data support the con-
cept that “surgical collateralization” of the bypassed 
vessels allows the sparing of at least some recurrent 
coronary events despite CAD progression, likely ex-
plaining the prognostic advantage of CABG over PCI 
in patients with complex coronary anatomy.25,66–68 It 
is plausible that revascularization with CABG reduces 
the occurrence of spontaneous MI (as observed 
in the BARI [Bypass Angioplasty Revascularization 
Investigation]-2D trial and FREEDOM) because CABG 
bypasses both stenotic epicardial segments as well 
as more proximal nonobstructive rupture-prone vul-
nerable coronary plaques. After PCI, conversely, the 
majority of spontaneous MI events occur as a con-
sequence of progression of atherosclerotic disease 
in non-flow-limiting (and non instrumented) coronary 
segments remote from stented target lesion(s).67,69 

The superiority of CABG over PCI on prognosis in this 
setting is also supported by a report from the SCAAR 
(Swedish Coronary Angiography and Angioplasty 
Registry), including over 2500 patients with multivessel 
CAD and reduced EF, where CABG was associated 
with a lower risk of death than PCI (HR, 0.62 [95% 
CI, 0.41–0.96]; P=0.031). This translated on average 
into 0.5 years more of event-free survival time over 
10 years.70 Interestingly, the risk of death increased lin-
early with quintiles of hospitals in which PCI was the 
preferred method for revascularization, with a consis-
tently shorter survival (≈10 months less) for patients 
treated in hospitals with a higher preference for PCI 
over CABG. As observed in STICH,4 survival curves 
in SCAAR also started to separate after 4 years, be-
cause of an early increase in periprocedural mortality 
with CABG, offset by beneficial effects only later in the 
follow-up.70 More recently, the REVIVED-BCIS2 trial 
provided long awaited, prospective evidence on the 
possible role of PCI in patients with ICM,17 showing no 
significant prognostic impact of percutaneous revas-
cularization over OMT, with a similar overall death rate 
in the 2 treatment strategies (31.7% for PCI and 32.6% 
for OMT, P=not significant). Among the secondary out-
come measures, the rate of MI at follow-up was not 
affected by patients’ treatment allocation (10.7% in PCI 
and 10.8% in OMT patients), with a modest numeri-
cally higher prevalence of nonfatal spontaneous MI in 
patients randomized to OMT alone (N=33 versus 18 in 
PCI patients). Interestingly, after a median follow-up of 
41 months, no relevant difference in symptoms status 
was observed between patient groups, with only a lim-
ited number of those randomized to OMT undergoing 
an unplanned coronary revascularization (10.5% ver-
sus 2.9% in PCI), thus confirming the positive impact 
of contemporary medical therapy (>85% of patients 
on a statin, beta blocker, and renin-angiotensin sys-
tem inhibitor) and cardiac device therapy (≈50% of the 
enrolled patients with a cardiac resynchronization/im-
plantable cardioverter-defibrillator device) on quality of 
life and events prevention. Altogether, these data argue 
for the inadequacy of the wording “coronary/myocar-
dial revascularization,” looping together intervention 
modalities, such as CABG or PCI, with profoundly dif-
ferent impact on myocardial biology.71,72

A preference for CABG over PCI has been tradition-
ally reserved to patients with ICM and “significant” func-
tional MR, a condition independently associated with a 
dismal prognosis in patients with HF with reduced EF 
at large (>70% higher relative risk for death).73 Despite 
current guidelines consider combined CABG and mi-
tral valve repair the treatment of choice in patients with 
ICM and severe functional MR,74,75 evidence on the 
prognostic benefit of such approach is, however, not 
univocal,33,76 and well-powered RCTs are still lacking. 
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In patients with high surgical risk, PCI would here ap-
pear an option based on data showing a significant 
reduction of MR severity in ≈1/3 of revascularized sub-
jects,77 possibly owing to (but not conclusively associ-
ated with) the functional recovery of viable myocardium 
adjacent to the dysfunctional papillary muscle(s).78 In 
cases of persistent severe MR after PCI, percutaneous 
mitral valve correction would remain the most logical 
approach, based on recent evidence obtained with 
transcatheter edge-to-edge repair.79 Patients with ICM 
and moderate MR, conversely, will not likely benefit 
from mitral valve surgery and should be submitted to 
coronary revascularization alone,80 with a preference 
for CABG over PCI.81,82

We must recognize that prospective evidence on 
the role of surgical revascularization in patients with 
ICM dates back more than a decade, with no direct 
comparison with currently available OMT approaches. 
The consistent advances in recent pharmacologi-
cal therapies for the management of HF (mostly) and 
CCS83–85 have likely narrowed the gap between OMT 
and myocardial revascularization also in patients with 
ICM. This emphasizes the compelling need for novel 
RCTs in this category of patients. In particular, con-
temporary data suggest that innovative therapies 
available for the management of patients with HF (ie, 
sacubitril/valsartan and sodium-glucose transporter 2 
inhibitors) have a consistent beneficial effect on myo-
cardial reverse remodeling,86,87 ultimately associat-
ing with improved outcomes. Moreover, because the 
REVIVED-BCIS2 trial17 did not include a CABG arm, a 
new prospective head-to-head comparison of PCI and 
CABG versus contemporary OMT in ICM is urgently 
needed.

Limitations of Available Evidence
The paucity of available data derived from RCTs regard-
ing the role of myocardial revascularization in patients 
with ICM limits definitive conclusions regarding its ben-
efits. The same applies to the treatment of categories 
generally excluded from RCTs, such as patients with 
significant left main CAD, whose management is more 
frequently based on common sense than on modern 
evidence. Similarly, to date the most solid evidence on 
the use of viability imaging for the management of pa-
tients with ICM comes from the nonrandomized su-
banalyses of 2 RCTs, namely the STICH23,34 and the 
PARR-26,28 studies, limiting definitive conclusions. The 
evidence presented here in is in accord with previous, 
albeit limited, data from observational studies and 
generally supportive of surgical revascularization in pa-
tients with ICM. Such evidence is still far from robust 
or definitive and leaves considerable uncertainty about 
the utility and value of noninvasive ischemia and viabil-
ity assessments in such patients.34,54

CONCLUSIONS
What to Do in Practice and Where Do We 
Go From Here?
Over the past few years, there have been remark-
able advances in OMT that have resulted in a signifi-
cant improvement of prognosis in patients with HF. 
Nevertheless, ICM still identifies a category of patients 
at particularly high risk of future cardiac events. In 
addition to the role of medical and device therapy in 
improving prognosis, the prognostic impact of myo-
cardial revascularization remains controversial. Limited 
and relatively outdated evidence from an earlier era 
suggests a benefit of surgical myocardial revasculari-
zation over pharmacological therapy during extended 
follow-up. More recent data point to the absence of 
benefit of PCI in the same category of patients,17 in-
dicating the urgent need of dedicated RCTs compar-
ing the available revascularization strategies (CABG 
versus PCI) in combination with OMT versus OMT 
alone in well-characterized patients with ICM to de-
fine the best diagnostic and therapeutic approaches 
to clinical decision-making. Until newer and more rel-
evant evidence emerges, surgical revascularization, 
when technically feasible, and after carefully weight-
ing of the perioperative risk, would appear to be the 
best option for selected patients with ICM. Such an 
approach has also been recently reported to be cost 
effective over OMT.88 Viability or ischemia testing ap-
pears not to be mandatory based on current evidence. 
Documentation of viability, today possible at its best 
with cMRI or PET, would still appear, however, a logi-
cal step, no matter if not based on strict evidence, but 
with the aim of tilting the balance in favor of surgery in 
cases where perioperative risk makes decisions par-
ticularly difficult. Conversely, the practical impact of is-
chemia testing on clinical decision making, particularly 
in the absence of ischemic symptoms, would appear 
less robust, although recent retrospective evidence 
in patients not selected for LVEF suggests a possi-
ble benefit of ischemia-guided revascularization in the 
presence of a (very) severe ischemic burden (>15% of 
the LV myocardium).89 Such data need confirmation in 
dedicated RCTs.

Considering the recent results of the REVIVED-
BCIS2 trial,17 indications to PCI in patients with ICM 
would remain limited to patients in whom ischemia-
related symptoms, such as angina, are refractory to 
OMT and predominant over HF-related symptoms. A 
summary of our proposed therapeutic algorithms pro-
vided in Figure 3, where one can distinguish a few se-
quential steps, as follows: 

1.	 Are anginal symptoms present? In such cases—a 
minority in our experience—it is possible that 
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myocardial ischemia dominates the course of dis-
ease, certainly in terms of quality of life. Detection 
of the extent of myocardial ischemia would be 
justified, and stress imaging—perfusion stress 
SPECT or dobutamine stress echocardiography 
as the easiest available techniques; stress PET or 
stress cMRI as alternative—should be pursued. In 
the presence of severe inducible ischemia (>15% 
of LV mass according to recent evidence89), this 
would prompt revascularization, with a preference 
for CABG also to improve prognosis, but with 
a role also for PCI in cases of high surgical 
risk mainly to improve symptoms (inference de-
rived from CAD out of ICM,10 and now also, to 
some extent, in patients with ICM17). Even in the 
presence of a more limited myocardial ischemic 
burden, coronary revascularization would still re-
main an option, particularly with anginal symptoms 
refractory to OMT. Also in these cases, available 
evidence supports CABG as the primary revascu-
larization strategy24,54—provided a multidisciplinary 
evaluation of the surgical risk is done—reserving 
ischemia-guided PCI to high-surgical risk patients 
in whom symptom control would become the 

main therapeutic target. An important percent-
age of patients may have diabetes, masking the 
occurrence of angina: inferring from patients with 
non-ICM who had ischemia,64 CABG would be 
still the best option in patients with multivessel 
CAD (if feasible and with acceptable periopera-
tive risk after a multidisciplinary team evaluation), 
considering the expected lower rate of complete 
myocardial revascularization that can be achieved 
with PCI in such patients.62

2.	 In cases where HF symptoms predominate—the 
majority of patients in our experience—an assess-
ment of the extent of myocardial viability would 
still appear opportune, considering the absolute 
and relative extent of myocardial scar versus 
viable hibernating myocardium, as well as surgical 
risk, as factors favoring OMT. It would appear 
wise here to set a decision-making threshold 
for the extent of hibernating myocardium around 
7% of LV mass,36 beyond which one would 
possibly favor (surgical) revascularization. PET 
scanning and cMRI are here the methods of 
choice, according to local availability and exper-
tise. It has to be borne in mind that evidence 

Figure 3.  Proposal of a management algorithm for patients with ischemic cardiomyopathy.
In patients with anginal symptoms, complete coronary revascularization with CABG should “probably” be performed in the presence 
of significant inducible myocardial ischemia (>15% of the LV) to improve prognosis.89 CABG should “probably” also be performed in 
patients with evidence of extensive hibernating myocardium (>7% of the LV)36 on noninvasive imaging (PET or cMRI if available). A 
preference to CABG should also be given in patients with diabetes.64 In the absence of significant hibernating myocardium, a heart 
team evaluation should be performed with preference to OMT and consideration for coronary revascularization (surgical if feasible)4 
only if with low surgical risk. PCI may be considered factoring the SYNTAX scores in selected cases when surgical risk is unacceptable. 
CABG indicates coronary artery bypass graft; cMRI, cardiac magnetic resonance imaging; F-FDG, F-fluorodeoxyglucose; LV, left 
ventricle; OMT, optimal medical therapy; PCI, percutaneous coronary intervention; PET, positron emission tomography; and SPECT, 
single-photon emission computed tomography.
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on this topic is quite disputed.23,32,34 Regarding 
the revascularization modality, despite the lim-
ited and relatively outdated prospective evidence 
available, CABG should remain the standard of 
treatment. With the mildly favorable results of 
the REVIVED-BCIS2 trial17 in terms of quality of 
life improvement with coronary revascularization 
in patients with ICM (limited benefit in the first 
6–12 months of follow-up disappearing beyond 
2 years), PCI could still be pursued in patients with 
ICM at high surgical risk and refractory symp-
toms after a multidisciplinary team discussion, 
aiming at complete coronary revascularization if 
technically feasible.

	 3.	 An evaluation of procedural risk is always 
mandatory: here both the Society of Thoracic 
Surgeons risk score and Euro-SCORE-2, which 
have been tested specifically in STICH patients,90 
would appear suitable to predict the 30-day 
postoperative mortality of CABG, with a prefer-
ence for the latter.90 As an indication, a 30-day 
perioperative mortality <4% would appear to be 
a reasonable green light to prompt surgery.90 In 
patients deemed at higher risk for CABG, the 
SYNTAX score/SYNTAX score II91 may be also 
useful to tilt the balance toward PCI, which may 
remain an option, although not supported by 
clinical evidence, in patients at low anatomical 
complexity and low PCI procedural risk after 
multidisciplinary team discussion.

This scheme, as depicted in Figure  3, has to be 
regarded as “work-in-progress,” as a reasonable way 
of action at the moment, and possibly be operatively 
tested prospectively in future trials.
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