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Abstract
Ischemic cardiomyopathy (ICM) is the most prevalent cause of heart failure (HF) in developed countries, with significant 
morbidity and mortality, despite constant improvements in the management of coronary artery disease. Current literature 
on this topic remains fragmented. Therefore, this review aimed to summarize the most recent data on ICM, focusing on its 
definition, epidemiology, outcomes, and therapeutic options. The most widely accepted definition is represented by a left 
ventricular dysfunction in the presence of significant coronary artery disease. The prevalence of ICM is largely influenced 
by age and sex, with older individuals and males being more affected. Its pathophysiology is characterized by plaque 
buildup, thrombus formation, hypoperfusion, ischemic cell death, and left ventricular remodeling. Despite improvements 
in therapy, ICM still represents a public health burden, with a 1-year mortality rate of 16% and a 5-year mortality rate of 
approximately 40% in the USA and Europe. Therefore, optimization of cardiovascular function, prevention of progressive 
remodeling, reduction of HF symptoms, and improved survival are the main goals of treatment. Therapeutic options for ICM 
include lifestyle changes, optimal medical therapy, revascularization, device therapy, mechanical circulatory support, and 
cardiac transplantation. Personalized management strategies and tailored patient care are needed to improve the outcomes 
of patients with ICM.

Keywords Ischemic cardiomyopathy · Left ventricular dysfunction · Ischemic heart disease · Heart failure · Outcomes · 
Therapeutic options

Introduction

Ischemic cardiomyopathy (ICM) represents the leading 
cause of heart failure (HF) in developed countries, and 
despite consistent improvements in the management of cor-
onary artery disease (CAD), it remains a significant con-
tributor to morbidity and mortality on a global scale [1, 2]. 
The advances in the management of acute myocardial infarc-
tion (AMI) have resulted in increased patient survival but 
with an unavoidable rise in the incidence of left ventricular 

remodeling and dysfunction, as well as the incidence and 
prevalence of ICM [3, 4]. 

Despite therapies to improve symptoms, quality of life, 
and outcomes, HF remains the most frequent cause of hos-
pitalization in the USA with an elevated mortality rate and 
a dismal prognosis [5, 72]. In the USA and Europe, ICM 
is associated with a 1-year mortality rate of about 16% 
and a 5-year mortality rate of about 40% [6]. Additionally, 
compared to patients with non-ischemic HF, patients with 
HF due to CAD exhibit a higher rate of unfavorable car-
diac events and poorer prognosis, with increased all-cause 
mortality and sudden cardiac death (SCD) compared to the 
non-ischemic cardiomyopathy (NICM) group [4, 7]. There-
fore, a better understanding of the fundamental causes of 
HF and customized patient care is becoming the current 
focus of HF therapy, with HF etiology assessment being 
considered the initial crucial step for planning the most 
appropriate management [8].

Patients with ischemic HF have been shown to benefit 
from several therapeutic options, spanning from lifestyle 
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modifications and medical therapy to revascularization, 
device therapy (implantable cardioverter defibrillator (ICD) 
or cardiac resynchronization therapy (CRT)), mechanical 
circulatory support, and cardiac transplantation [2, 9].

Currently, the literature on ischemic cardiomyopathy is 
characterized by fragmentation; that is, most review articles 
have focused on a specific subtopic in ICM. Therefore, this 
paper aimed to summarize the most recent data on ICM, with 
a particular focus on its current definition, epidemiology, 
outcomes, and therapeutic options.

Clinical definition

To date, a standardized definition is still lacking. Based on 
the large-scale trial, Surgical Treatment for Ischemic Heart 
Failure (STICH), ICM was defined as a significant decline 
in left ventricular (LV) systolic function (specifically a left 
ventricular ejection fraction (LVEF) < 35%) in the presence 
of severe CAD [2]. A cross-sectional observational study 
from China defines ICM as a myocardial disease secondary 
to severe coronary atherosclerotic lesions leading to long-
term myocardial ischemia, myocardial cell damage, necrosis, 
and myocardial fibrosis resulting in changes in heart 
structure and a decrease in cardiac function [10].

The definition most frequently applied involves LV 
dysfunction (expressed as reduced ejection fraction) in 
the presence of significant CAD and at least one of the 
following: prior revascularization or AMI, > 75% stenosis 
in the left main or left anterior descending artery, or two or 
more coronary vessels presenting a > 75% luminal stenosis 
[1, 11]. The presence of necrotic (non-viable) myocardium 
and hibernated (dysfunctional but still viable) myocardium 
represents the principal mechanisms contributing to the 
development of ischemic heart failure [4]. Therefore, current 
ischemic cardiomyopathy terminology implies the presence 
of ventricular enlargement and impaired myocardial 
contractility resulting from ischemia or infarction [2].

There is now the consideration to abandon the term 
“ischemic cardiomyopathy,” since left ventricular 
dysfunction caused by coronary artery disease does not 
comprise a true cardiomyopathy [4].

Epidemiology

Trends

Heart failure impacts approximately 1–3% of the overall 
population and is the primary reason for hospitalization 
both in the USA and Europe [14]. ICM is considered the 
largest single cause of HF (although causes are often 

multifactorial), with nearly 70% of all HF syndromes being 
attributable to underlying ischemic heart disease (IHD) 
[11, 12]. However, the scarcity of epidemiological studies 
focusing on ICM as a distinct clinical entity has led to an 
underestimation of its accurate prevalence and incidence. 
Consequently, most studies refer to this condition as IHD 
or its associated manifestations, such as angina pectoris 
(AP), AMI, and ischemic heart failure [2].

Owing to the improved survival of patients with CAD, 
there has been a noticeable increase in the prevalence 
of ICM over the last few decades. This increase can be 
linked to advances in the management of AMI, through 
thrombolytic therapy and percutaneous coronary 
intervention (PCI) with drug-eluting stents resulting in 
successful revascularizations, and of patients with chronic 
CAD through optimal medical therapy [1, 4].

Additionally, due to an aging population and increased 
prevalence of risk factors, HF prevalence is likely to rise 
even further, with an increase of 46% expected between 
2012 and 2030 in the USA and the total population 
affected going from 2.42 to 2.97% [5].

The increased survival has also led to higher morbidity 
due to remodeling of the left ventricle, chronic myocardial 
dysfunction, and subsequent increased ischemic heart 
failure incidence [3].

Demographics

The prevalence of ischemic HF is also influenced by age. 
Indeed, it has been observed that the percentage of the 
population affected increases with age (particularly after 60 
years) with 12.8% of males and 12.0% of females showing 
a diagnosis of HF after 80 years [13]. Additionally, there 
has been a notable increase in diagnoses among individuals 
under the age of 55, indicating an increasing incidence in 
younger age groups [14].

Sex also accounts for the differences in the prevalence 
of ischemic HF. A sub-analysis of the REDINSCOR II 
study revealed that, within the cohort of patients admitted 
with HF, approximately 20% of women and around 40% 
of males exhibited an ischemic etiology [15].

Another study demonstrated a higher prevalence of males 
and Caucasians in patients with HF due to ischemic etiology 
[16]. Also, it was demonstrated that women have a greater 
risk of developing symptomatic HF after an acute MI [17].

Several epidemiological data show that the role of CAD 
in HF varies depending on the geographic region: CAD is 
responsible for only 10% of all HF cases in sub-Saharan 
Africa, while it accounts for 50–70% of cases in the USA 
and Europe and for 30–40% of all cases in Latin America 
and Asia [12].
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Incidence and prevalence after acute coronary 
syndromes (ACS)

HF remains a common complication in patients admitted 
for AMI, with high incidence rates (IRs) during the first 
months up to 1 year after discharge [18]. However, actual 
occurrence of HF in patients admitted for AMI varies across 
different clinical studies, spanning from 14 to 36% [19].

In a study assessing the link between clinically manifested 
myocardial infarction (CMI) and HF versus those without a 
history of MI, it was found that among 1 million individuals 
hospitalized for HF each year in the USA, up to one-third, 
experienced prior myocardial infarction [20]. Another study 
involving the enrollment of 483 incident cases of AMI 
from 1992 to 1996 showed that 4% of patients presented 
with HF upon admission, and 39% experienced HF during 
their hospital stay. The Global Registry of Acute Coronary 
Events (GRACE) study revealed that among 13,707 patients 
hospitalized for MI between 1999 and 2001, 13% presented 
with HF upon admission, and 5.6% developed HF during 
hospitalization. A more recent study enrolling 187,803 AMI 
patients hospitalized between 2007 and 2011 showed that 
12% of patients had signs of HF on admission, while 4% 
developed HF while hospitalized [19]. In the Cardiovascular 
Disease in Norway (CVDNOR) project, it was demonstrated 
that, among 86,771 patients with a first AMI from 2001 to 
2009, 18.7% of the patients presented with HF or developed 
HF during hospitalization [18]. Also, in the Harmonizing 
Outcomes with Revascularization and Stents in Acute 
Myocardial Infarction (HORIZONS-AMI) study, the 
incidence of HF within a 2-year period following PCI was 
reported to be 5.1% [21].

While the proportion of patients exhibiting signs of HF 
upon admission for AMI has been on the rise (increasing 
from 4% to approximately 12–13%), the percentage of those 
developing HF during hospitalization for AMI is decreasing, 
going from 39 to 4–8% [18]. Recent advancements in 
prehospital care leading to a reduction in out-of-hospital 
deaths could explain the increase in HF at MI presentation. In 
contrast, the decrease in in-hospital HF may be explained by 
the more substantial myocardial salvage provided by the use 
of PCI. Indeed, according to the SWEDEHEART registry, 
the incidence of HF complicating MI during hospitalization 
went from 46% in the thrombolytic era to 28% in the PCI 
era [22]. Regarding the incidence of HF after MI discharge, 
it was shown to be highest in the first months, followed by a 
drop and then a stable trend with a rate of 1.3–2.2%/year [22].

Despite that it comprises approximately half of all 
myocardial infarctions, the risk of heart failure in patients 
experiencing silent myocardial infarction (SMI) is still 
uncertain [20]. There is a lack of data regarding the 
incidence of HF after PCI for non-ST segment elevation 
myocardial infarction (NSTEMI) [21].

Incidence and prevalence in patients with stable 
coronary artery disease

Relatively limited information is available on the 
development of HF in patients with stable CAD. A study 
analyzing HF development in a population of outpatients 
with stable CAD showed that the latter were frequently 
hospitalized for HF and a high mortality was associated 
with it [23]. Although a higher occurrence of HF in patients 
with detected silent myocardial ischemia has never been 
reported in prospective studies, previously unrecognized 
CAD appears to be associated with HF. A study undertaking 
invasive coronary angiography over 99 out of 136 patients 
under 75 years hospitalized for HF in the UK showed that 
the etiology of HF was CAD in 71 of the patients, with the 
ischemic etiology not being recognized prior to angiography 
in 18 of them [24].

Moreover, data from the Framingham Heart Study 
showed that during the 118,000 person-years of follow-up, 
5% of the cohort developed HF without a previously 
clinically recognized ischemic event. These studies strongly 
suggest a contribution of silent CAD [12].

Pathophysiology

Plaque buildup and thrombus formation can lead to a 
hypoperfused myocardium, unrestored blood flow which 
leads to ischemic cell death, and loss of contractile function 
of cardiac myocytes. However, normal contractility can 
be restored after reperfusion. This reversible contractile 
dysfunction is termed myocardial stunning [25]. The stunned 
myocardium may remain hypocontractile even after the 
reestablishment of normal blood flow and can be present 
longer than the duration of hypoperfusion [26]. Although 
not fully established, there are two proposed mechanisms, 
among several others, that are plausible in explaining 
the mechanism of stunning. These hypotheses include 
the generation of free oxygen radicals and the decreased 
sensitivity of contractile filaments to calcium. We believe 
that the two hypotheses are not mutually exclusive. During 
reperfusion, it is possible that a surge of free oxygen radicals 
can alter contractile filament sensitivity to calcium, resulting 
in decreased contractile function [27].

Repetitive episodes of myocardial stunning and chronic 
hypoperfusion yielded different results in the cardiac 
myocytes. Hibernating myocardium, unlike the stunned 
myocardium where contractility and basal blood flow are 
restored, shows a decrease in both [25]. The reduction of 
oxygen leads to the depletion of ATP, which is essential 
for calling molecular cells. In cardiomyocytes, depletion 
of ATP leads to an imbalance of ions, causing insufficient 
contractions and decreased cardiac function. Hibernating 
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cardiac myocytes adapt to these physiological changes 
to allow their survival and possible reversion to normal 
cardiac function if sufficient perfusion and oxygen levels are 
reintroduced. However, a prolonged duration of insufficient 
oxygen can lead to irreversible damage of cardiac myocytes, 
leading to irreversible heart remodeling, such as thinning of 
the LV wall and deposition of fibrotic tissue [28].

Ischemic cell death arises within 20 min of occlusion of 
coronary blood flow, with severe cell death apparent at 60 min.  
The oxygen content within myocytes begins to deplete 
within 8–10 s of occlusion, and oxidative phosphorylation 
ceases and switches to anaerobic metabolism. Under hypoxic 
conditions, lactic acid is not metabolized, and ATP is 
depleted [29]. The lack of ATP influences several factors in 
contractile dysfunction, including insufficient intracellular 
calcium uptake into the sarcoplasmic reticulum and 
disruption of the cross-bridge cycle. During cardiomyocyte 
contraction, calcium is released from the sarcoplasmic 
reticulum, which exposes the myosin-binding site on the 
actin filaments. However, at low ATP concentrations, calcium 
cannot be actively pumped back into the SR, resulting in 
high intracellular calcium concentrations. This can lead to 
electrical and mechanical dysfunction, including arrhythmias 
and decreased contraction force [30]. In the cross-bridge 
cycle, ATP is utilized to break the actin-myosin cross-linkage 
and cock the myosin head back ready for another power stroke 
event. Without sufficient ATP, the actin-myosin complex 
becomes stuck in a state of muscle stiffening. Therefore, 
prolonged cardiomyocyte hypoxia may result in cell death.

Following an acute infarction, ventricular remodeling can 
result in thickening or thinning of the cardiac muscle tissue. 
The expansion of the initial infarct continues to degrade the 
cardiac muscle, leading to the thinning of the cardiac wall. 
Thinning and weakening of the cardiac wall cause contractile 
dysfunction, leading to a dilated physiology. On the other 
hand, deposition of scar or fibrotic tissue is another possible 
outcome following an infarction. A sudden surge in cell death 
stimulates the activation of myofibroblasts and deposits 
collagen and fibrotic tissue to prevent rupture of the already 
thin ventricular walls [31]. Exaggerated myofibroblast 
activation causes excessive scar tissue deposition on the 
cardiac wall. Scar tissue by nature has no contractile 
capability and serves only to prevent the rupture of the cardiac 
wall. Excessive deposition of fibrotic tissue enlarges and 
stiffens the heart, reducing contractile power, compliance, 
and stroke volume [32]. While the LV dilation secondary to 
myocardial scarring predominates in HFrEF (heart failure 
with reduced ejection fraction), the HFpEF (heart failure with 
preserved ejection fraction) phenotype secondary to ischemia 
is characterized by a more complex pathophysiology [12]. 
Indeed, despite improvements in addressing left ventricular 
adverse remodeling (LVAR) following STEMI, the risk for 
HF remains elevated. This suggests that patients may develop 

HF post-STEMI even in the absence of LVAR, indicating a 
shift in the classic paradigm and pointing to the emergence of 
a new HFpEF phenotype, influenced by a complex interplay 
of factors [84]. A decrease in cardiac reserve and a decline 
in cardiorespiratory fitness (CRF), resulting from impaired 
diastolic or systolic function during exercise due to acute 
myocardial damage, post-infarction response, individual 
risk factors, or subclinical cardiac abnormalities, are key 
contributors. Cardiomyocyte loss during initial injury 
contributes to a reduction in contractile function, even 
though systolic function appears normal at rest. This occurs 
due to compensatory mechanisms in play. Coronary vascular 
dysfunction and neurohormonal activation also seem to be 
involved in the pathophysiology of HFpEF [84]. Moreover, 
an increased systemic inflammation renders the myocardium 
vulnerable and unable to increase blood flow when needed, 
resulting in patchy areas of ischemia which lead to increased 
myocardial stiffness and elevated left ventricular filling 
pressures, and ultimately pulmonary congestion, even with 
preserved LV systolic function [12].

In Fig. 1, we report the key aspects concerning the patho-
physiology of ICM [75].

Outcomes

Mortality

Despite improvements in therapy, heart failure remains 
associated with poor prognosis. Although a reduction in 
both short-term and long-term mortality after HF diagnosis 
has been seen, the rates remain high, with up to one-third of 
patients dying within 1 year from diagnosis [14, 33].

ICM is associated with a 1-year mortality rate of 
approximately 16% and a 5-year mortality rate of nearly 40% 
in the Western population, representing therefore a relevant 
public health burden [6].

Additionally, it has been shown that ICM is linked to 
higher rates of sudden cardiac death and all-cause mortality 
when compared to the NICM group [7]. An ischemic 
etiology was found to be an independent predictor of death 
in a study assessing mortality in systolic heart failure, with 
ischemic heart failure (IHF) patients seeing an almost 50% 
increase in mortality when compared to non-ischemic heart 
failure (NIHF) [34].

Moreover, a recent study revealed that ICM patients who 
underwent ICD implantation for primary prevention of SCD 
had a higher 1-year mortality rate than NICM patients [35].

Furthermore, it was demonstrated that the mortality risk 
was 43% higher in patients developing HF more than 3 days 
after MI than in those developing HF in the first 3 days after 
MI, suggesting that the timing of HF development is relevant 
in terms of adverse events [22, 36].
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Hospitalizations

Heart failure continues to be the primary reason for 
hospitalization in the USA, accounting for approximately 
1–2% of all hospital admissions. It also represents the most 
prevalent diagnosis among hospitalized patients aged 65 
years [37, 73]. Due to an aging population, the number of 
hospital admissions is expected to rise even more, increasing 
by 50% over the next 25 years [38].

The SOLVD (Studies of Left Ventricular Dysfunction 
Treatment) trial reported a twofold higher hospitalization 
rate for decompensated HF and a fourfold higher mortality 
rate in patients with a history of MI and LVEF ≤ 35% 
compared to those without a prior MI [12].

Findings from the STICH trial indicate that surgical 
intervention can help reduce hospitalization rates. 
Specifically, it demonstrated that coronary artery bypass 
grafting (CABG) can effectively decrease both initial and 
recurrent hospitalizations among patients diagnosed with 
ICM and LVEF below 35% [39].

Moreover, after a first hospitalization for HF, around 
20% of patients in the USA are readmitted within 30 days 
and around 66% within 1 year, suggesting that readmission 
rates remain high [5]. Given the high comorbidity burden in 
these patients, the reasons for readmissions are often other 

than heart failure [37]. A study enrolling 1082 patients with 
HFrEF reported that, in patients with ICM, the independent 
predictors of rehospitalization were frequent premature 
ventricular beats, diabetes mellitus (DM), previous HF 
hospitalization, and kidney injury [7].

Quality of life

It has been reported that individuals with HF commonly 
experience the emergence of depressive symptoms, as 
well as lower quality of life (QoL) and a decline in long-
term functional status. A study including 446 patients with 
HF (62.1% due to ischemia) and ICD reported that 43.2% 
had depressive symptoms. Furthermore, it was found that 
these symptoms were linked to diminished quality of life, 
irrespective of NYHA functional class [40]. Moreover, 
research has revealed that patients with congestive heart 
failure (CHF) have unsatisfactory self-care outcomes, low 
quality of life scores, and dissatisfaction with their overall 
health. Notably, IHD was found to be present in 72.5% 
of patients with CHF and diminished quality of life [41]. 
Numerous observational studies have demonstrated that 
CABG is an effective approach for improving both survival 
and quality of life in patients diagnosed with ICM [42].

Fig. 1  Pathophysiology of 
ischemic cardiomyopathy. From 
Del Buono, M. G., et al. [75]. 
"Ischemic Cardiomyopathy and 
Heart Failure After Acute Myo-
cardial Infarction." Curr Cardiol 
Rep 24(10): 1505–1515. https:// 
doi. org/ 10. 1007/ s11886- 022- 
01766-6

https://doi.org/10.1007/s11886-022-01766-6
https://doi.org/10.1007/s11886-022-01766-6
https://doi.org/10.1007/s11886-022-01766-6
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Prognostic risk factors

Chronic ischemic cardiomyopathy is associated with a poor 
prognosis and significant morbidity and mortality, with HF 
representing one of the most devastating clinical outcomes. 
Therefore, it remains fundamental to predict the risk factors 
associated with adverse HF outcomes to closely monitor 
and manage them. At present, several variables affecting the 
prognosis of heart failure have emerged and serve, therefore, 
as predictors of survival in patients with ICM [2, 7].

In Table 1, we summarize the main prognostic risk factors 
associated with ischemic cardiomyopathy.

Therapeutic options

Therapeutic options for patients with ICM include lifestyle 
modifications, medical therapy, revascularization, device 
therapy, mechanical circulatory support, and cardiac 
transplantation, depending on the anatomy of coronary 
disease, symptoms severity, and associated cardiac and 
noncardiac comorbidities [2, 11]. Main objectives are 
represented by an optimization in cardiovascular function, 
prevention of progressive remodeling, reduction in heart 
failure symptoms, and survival improvement [1].

Lifestyle changes

Long-term lifestyle modifications are advised to effectively 
manage coronary artery disease (CAD) and mitigate the risk 
of complications. These changes encompass strategies such 
as avoidance of a sedentary lifestyle, smoking and alcohol 
cessation, and a healthy diet low in sodium and cholesterol [2].

Medication therapy

Several studies have provided evidence for enhanced 
long-term survival and reduced cardiovascular mortality 
with optimal medical therapy. Therefore, it represents the 
cornerstone for the treatment of patients with ischemic heart 
failure and is strongly recommended [1, 43]. It comprises 
a combination of medical treatment for heart failure plus 
secondary prevention for coronary artery disease [4]. 
Moreover, mounting evidence shows that targeting the 
intense inflammatory response occurring after AMI may 
contribute to preventing adverse cardiac remodeling and the 
development of HF following AMI. IL-1β and other IL-1 
family cytokines are the main inflammatory mediators. 
Therefore, several immunosuppressive medications, 
anti-inf lammatory agents, and immunomodulatory 
interventions have been explored in this context [76–79]. 
Indeed, the increasing research interest in understanding 
the inflammatory role in AMI has led to extensive and 

promising pre-clinical research and clinical observation 
evidence. However, despite the wealth of pre-clinical 
studies, these therapeutic interventions have faced 
significant challenges in translation to clinical applications 
over the past decades, mainly due to concerns related to 
impaired healing, elevated risk of cardiac rupture, and 
a failure to exhibit additional benefits beyond standard 
therapies. Therefore, as of now, there are no clinically 
effective anti-inflammatory treatments proven to prevent 
or treat adverse LV remodeling after AMI [83].

In Table 2, we report the currently available medications 
for patients with ICM as well as novel therapeutic targets, 
including inflammation.

Device therapy

Device therapies like ICD and CRT are recommended 
interventions for patients with severely impaired left 
ventricular systolic function and symptoms of heart failure 
refractory to medical therapy [4].

Individuals with reduced left ventricular function due 
to ischemic causes have a higher risk of life-threatening 
arrhythmias. The use of an ICD is an important tool to 
prevent SCD and improve survival in patients at high risk for 
ventricular tachycardia (VT) or ventricular fibrillation (VF) 
or those resuscitated from sustained VT/VF, and it is advised 
for both primary and secondary prevention purposes [2, 44]. 
ICD placement is recommended for primary prevention 
of SCD in patients with IHD who have LVEF < 35%. This 
recommendation applies to individuals with NYHA class II or 
III of HF, despite receiving guideline-directed management, 
who have surpassed a minimum of 40 days following a MI 
and 90 days following a revascularization procedure, and with 
an expected survival of more than 1 year [45].

CRT with biventricular pacing is associated with reduced 
morbidity and mortality rates. According to guidelines, it is 
recommended in heart failure patients in sinus rhythm, with 
left bundle branch block (LBBB), QRS duration ≥ 150 ms, 
and LVEF ≤ 35% who have moderate to severe symptoms 
despite maximally tolerated medical therapy (class IA) [46].

Furthermore, evidence indicates that this approach is 
linked to reverse remodeling, resulting in a decrease of 50% 
in SCD risk, even in the absence of an ICD [1].

Revascularization therapy

ICM sometimes includes areas of dysfunctional but 
viable myocardium. Therefore, revascularization therapy 
(whether performed via CABG or PCI), by aiming at 
restoring coronary blood flow in ischemic conditions, could 
potentially promote functional recovery and improve overall 
cardiac function [2, 47].
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Table 1  Prognostic risk factors

Demographics

Age Zhang et al. 2020 [7] Advanced age carries an increased risk of death from all 
causes in patients with ICM

Gender Martinez-Selles et al. 2018 
[55]

Vicent et al. 2021 [15]
Postigo and Martinez-Selles 

2020 [56]

Female sex is an independent predictor of better survival in 
patients with HF

Women with ischemic HF have better-adjusted survival rates
Men with ischemic HF and ICD are more susceptible to 

ventricular arrhythmias and SCD
Race Nayak et al. 2020 [57] Black patients have a worse prognosis and the highest risk of 

death compared with White patients

Comorbidities

Renal function (BUN and eGFR) Zhang et al. 2020 [7] Chronic kidney disease is an independent predictor of 
mortality

Renal deterioration is linked to a higher likelihood of all-
cause mortality, SCD, and HF rehospitalization for ICM

Diabetes Zhang et al. 2020 [7] Significant increase in all-cause mortality and rehospitali-
zation rates due to HF among patients with HFrEF and 
diabetes

Blood pressure Oh and Cho 2020 [58] Risk of mortality and readmissions increase at low and high 
BPs with no difference in trends between patients with 
HFrEF and HFpEF

Atrial fibrillation Corbalan et al. 2019 [59] Concomitant presence of AF in patients with ICM is associ-
ated with higher risk of death owing to impaired myo-
cardial perfusion, coronary vasoconstriction, and further 
deterioration of diastolic function

Status of ICM

Left ventricular ejection fraction (LVEF) reduction Zhang et al. 2020 [7] LVEF reduction is a key predictor factor for all-cause 
mortality and SCD in ICM

LVEF < 35% is a main indication for CRT-D implantation for 
primary prevention of HF

Left ventricular remodeling Jenca et al. 2021 [22]
Wongpraparut et al. 2020 [6]

A 20% increase in LVEDV is associated with 2.7 increased 
risk of hospitalization for HF and worse prognosis

Elevated LVEDV, increased mitral E velocity, and a reduced 
mitral deceleration time observed during echocardiogram 
and Doppler evaluation are predictor for 1-year mortality

Left ventricular restrictive filling pattern (RPF) Fantini et al. 2021 [61] LV restrictive filling pattern indicates severe diastolic 
dysfunction in patients with ICM and is a strong predictor 
of adverse outcomes and LV remodeling, regardless of age 
and LVEF

Myocardial fibrosis Chery et al. 2020 [60]
Powell et al. 2017 [62]

Ventricular scar burden has a high prognostic value in 
predicting adverse outcomes (ventricular tachyarrhythmias, 
SCD, all-cause mortality in patients with ICM

Extensive scarring may interfere with lead placement during 
implantation of CRT-D

Myocardial viability Aznaouridis et al. [4]
Panza et al. [47]

Given the potential for viable myocardium to improve 
systolic function, patients with hibernated myocardium are 
more likely to benefit from revascularization techniques. 
Conversely, lack of viability is a negative prognostic factor

Other factors

NYHA III-IV and hospitalization history Zhang et al. 2020 [7] NYHA III-IV and previous HF hospitalization history are 
associated with worse prognosis and increased risk for 
all-cause mortality
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The evidence for surgical revascularization as an effec-
tive and beneficial treatment for ICM comes from several 
observational studies. The Coronary Artery Surgery Study 
(CASS) registry showed that prognosis is improved fol-
lowing CABG in patients with LV systolic dysfunction and 
more severe coronary disease [3]. Moreover, randomized 
controlled trials have provided evidence that patients with 
reduced LVEF and multivessel disease (MVD) experience 
improved long-term survival when undergoing CABG 
compared with optimal medical therapy (OMT) alone [48]. 
The STICH trial demonstrated a decrease in mortality rates 
and HF hospitalizations when CABG was combined with 
guideline-directed medical therapy (GDMT) in patients with 
LVEF < 35% and ICM. Notably, the trial highlighted greater 
benefits in those with more advanced ICM (lower EF or 
presence of 3-vessel disease) [49].

The extended follow-up from STICH (STICH Exten-
sion Study-STICHES) also supports the significant sur-
vival advantage of combining CABG with medical therapy 
compared to medical therapy alone [4]. On the other hand, 
the impact of PCI on the same patient population has not 
been evaluated. Indeed, the REVIVED-BCIS2 (Study of 
Efficacy and Safety of Percutaneous Coronary Interven-
tion to Improve Survival in Heart Failure) trial assessed the 
impact of PCI plus medical therapy in patients with exten-
sive coronary disease, left ventricular systolic dysfunction, 
and viable myocardium compared to medical therapy alone 
over a median of 41 months. However, results showed that, 
in patients undergoing revascularization by PCI, there was 
no reduction in mortality from any cause or hospitalization 
for heart failure [70]. Nonetheless, given some limitations 

of this trial, such as doubts about viable myocardium-based 
patient selection, limited generalizability to more sympto-
matic cases, and potential bias toward surgery for patients 
with extensive coronary artery disease amenable to CABG, 
as well as the applicability of the angiographic eligibil-
ity measure for low LVEF patients potentially leading to 
incomplete revascularization, an extended follow-up and 
further investigation are necessary to validate these results 
[71].

In addition, a direct comparison between PCI and CABG 
has led to inconclusive results. Therefore, the ideal approach 
for revascularization remains uncertain [48]. Evidence 
from observational studies suggests equivalence in survival 
between PCI and CABG in patients with ischemic HF. 
Analysis of the subgroup of patients in the AWESOME trial 
with LVEF < 35% did not show any mortality difference. 
However, given the limited patient population, definitive 
conclusions from this study cannot be drawn [4].

According to current guidelines, revascularization is 
indicated to improve prognosis in patients with LV systolic 
dysfunction and significant two- or three-vessel disease, 
in addition to OMT, with no need to perform viability 
assessment prior to revascularization [1, 3].

In patients with multivessel disease and a satisfac-
tory surgical risk, CABG is the recommended and pre-
ferred approach. When complete revascularization can 
be achieved, PCI can be regarded as a suitable alterna-
tive to CABG in subjects with one- or two-vessel dis-
ease. In patients with three-vessel disease, the choice 
between CABG and PCI depends on coronary anatomy, 
comorbidities, and completeness of revascularization. If 

Table 1  (continued)

Other factors

Ischemic etiology Tyminska et al. 2022 [63] Extent and severity of CAD can be identified as independent 
predictors of death

Higher risk of death or hospitalization due to HF in 
patients with a history of PCI or CABG compared to 
non-PCI/CABG group

Chronic total coronary occlusion (CTO) van Dongen et al. 2018 [64] The presence of CTO has been linked to a heightened risk 
of mortality within a 2-year timeframe among patients 
with ischemic systolic HF (EF ≤ 35%)

Ventricular tachycardia Di Biase et al. 2021 [65] VT is a common contributor to morbidity and mortality in 
patients with ICM

The implementation of an ICD mitigates these adverse 
outcomes

p53 and upregulation of miRNA-192 Klenke et al. 2018 [66] Given a correlation between miR-192 and survival among 
patients with ICM, miR-192 could be a valuable prognostic 
marker in ischemic heart failure

AF atrial fibrillation, BP blood pressure, CABG coronary artery bypass graft, CAD coronary artery disease, CRT-D cardiac resynchronization 
therapy defibrillator, CTO chronic total occlusion, EF ejection fraction, HF heart failure, HFpEF heart failure with preserved ejection fraction, 
HFrEF heart failure with reduced ejection fraction, ICD implantable cardioverter defibrillator, ICM ischemic cardiomyopathy, LV left ventricle, 
LVEDV left ventricular end diastolic volume, LVEF left ventricular ejection fraction, miR-192 microRNA-192, PCI percutaneous coronary inter-
vention, SCD sudden cardiac death, VT ventricular tachycardia
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Table 2  Medication therapy

ACE inhibitors Elgendy et al. 2019 [12] Both the ACC/AHA and ESC guidelines strongly recommend  
the use of ACE inhibitors in individuals with a history of MI 
or ACS and reduced LVEF.

TRACE and SAVE randomized trials showed a decreased 
risk of cardiovascular mortality, sudden death, overall 
mortality, development of HF, and hospitalization in 
patients with reduced LV function following MI.

ARBs Yancy et al. 2017 [67] ARB therapy is an alternative when ACE inhibitors are not 
well tolerated.

ARBs show comparable benefits in reducing both mor-
bidity and mortality in patients with MI and ACS and 
subsequent ICM or HFrEF.

Sacubitril/Valsartan (ARNI) Elgendy et al. 2019 [12]
Jering et al. 2021 [68]

PARADIGM-HF trial showed a decreased cardiovascular 
mortality and reduced hospitalizations due to HF in 
patients with HFrEF with Sacubitril/Valsartan compared 
to ACE inhibitors. Guidelines recommend replacement 
of ACE inhibitors with ARNI whenever possible.

PARADISE-MI is an ongoing trial assessing the benefit 
of ARNI in post-MI patients with new LV systolic 
dysfunction.

Beta-blockers Bahit et al. 2018 [19]
Elgendy et al. 2019 [12]

CAPRICORN trial demonstrated a reduction in all-
cause and cardiovascular mortality with carvedilol 
compared to placebo in patients with LV dysfunction 
post-MI.

An analysis of the MERIT-HF trial showed a reduction in 
mortality in patients with CHF taking metoprolol suc-
cinate compared to placebo.

Mineralocorticoid receptor antagonists Elgendy et al. 2019 [12]
Yancy et al. 2017 [67]

According to HF guidelines, MRAs have a Class I, Level of 
Evidence A recommendation in patients with LVEF < 35% 
and NYHA class II-IV HF, unless contraindications are 
present.

Reversal of cardiac remodeling and reduction in ventricu-
lar arrhythmias have been associated with the use of 
spironolactone

EPHESUS study showed a reduction in all-cause mortality 
and HF hospitalization by 15% in patients after MI with 
LVEF < 40% and HF taking eplerenone compared to 
placebo.

SGLT2 inhibitors Zannad et al. 2020 [69] DAPA-HF trial and EMPEROR-Reduced Trial showed an 
association between the use of dapaglifozin and empagli-
fozin and a reduction in the combined risk of cardiovas-
cular mortality or heart failure hospitalization in patients 
with HFrEF despite the presence or absence of diabetes.

Loop diuretics Albakri 2018 [2] In the context of HF management, loop diuretics are used 
to correct fluid overload.

Statins Elgendy et al. 2019 [12]
Oikawa et al. 2018 [74]

CORONA trial and GISSI-HF trial, when comparing rosu-
vastatin with placebo in patients with ICM and HFrEF, 
showed no reduction in death from cardiovascular causes 
and a neutral effect on improving HF outcomes.

Another study involving 2444 patients with stage C or D 
HF and IHD demonstrated positive outcomes in patients 
with HF and IHD who were prescribed higher-intensity 
statins.

Canakinumab (monoclonal antibody targeting 
interleukin-1β)

Everett et al. 2019 [78] Therapy with canakinumab resulted in a dose-dependent 
reduction in hospitalization for heart failure and the 
composite of HHF or heart failure-related mortality 
(CANTOS trial).
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comorbidities, high surgical risk, or unfavorable anatomy 
for CABG, PCI can be offered [4].

Furthermore, in the context of AMI, it is possible 
to reduce the extent of the infarct by unloading the LV 
with a mechanical circulatory support device prior to 
revascularization [75]. An experimental translational 
study in 14 adult male Yorkshire swine demonstrated 
that mechanically reducing LV wall stress through an 
intracorporeal axial flow catheter and delaying reperfusion 
for 1 h results in decreased infarct size during an AMI 
[80]. More recently, a pilot trial (DTU-STEMI pilot 
trial) demonstrated the safety and feasibility of LV 
unloading through the use of Impella CP for 30 min prior 
to reperfusion in 50 patients with anterior ST-elevation 
myocardial infarction (STEMI) [81]. A comparative study 
in four UK hospitals showed that, in patients with STEMI, 
the use of pressure-controlled intermittent coronary sinus 
occlusion (PiCSO) as an adjunct to PCI resulted in a lower 
infarct size at 5 days compared to patients undergoing PCI 
alone [82].

Mechanical circulatory support (MCS) and cardiac 
transplantation

Mechanical circulatory support (MCS) has been 
demonstrated to be effective in extending lifespan and 
enhancing the functional capacities of individuals with 
advanced HFrEF. It represents a useful alternative in 
critically ill patients with cardiogenic shock or refractory 
heart failure. It can provide short-term (hours to days) or 
long-term support (months to years) [9, 50].

Examples of short-term MCS include venoarterial 
extracorporeal membrane oxygenation (VA-ECMO), 
percutaneous ventricular assist devices, and intra-aortic 
balloon pumps (IABP) [51].

As per guidelines, the utilization of temporary MCS is 
beneficial in stabilizing patients during the evaluation phase 

for determining the appropriate transition to definitive man-
agement, such as durable MCS as a bridge or destination 
therapy, stabilization until cardiac transplantation, or device 
removal, if there is observed improvement and recovery [9].

The utilization of durable left ventricular assist devices 
(LVAD) as destination therapy in patients with stage D 
heart failure is widely increasing [52]. Current guidelines 
show that durable MCS can be beneficial for symptom 
improvement, functional class improvement, and mortality 
reduction in patients with advanced HFrEF with NYHA 
class IV symptoms despite GDMT [9].

Cardiac transplantation serves as the primary treatment 
option for individuals with stage D HF who failed 
guideline-directed medical therapy, device, and surgical 
optimization, and evidence has demonstrated its efficacy 
in improving functional status and quality of life [9]. One 
of the most common indications is represented by ischemic 
cardiomyopathy, accounting for 38% of heart transplantations 
[53]. Furthermore, a study conducted in Japan demonstrated 
that approximately 70% of patients with refractory HF 
secondary to advanced ICM presented with an improvement 
in LVEF after autologous skeletal myoblast transplantation, 
pointing toward a new potential therapy for advanced ICM 
patients. However additional research is required to validate 
these findings [54].

Conclusions

This comprehensive review provides insights into the 
multifaceted nature of ICM. Despite advancements in the 
management of CAD and AMI, the incidence and prevalence 
of ICM continue to rise. The current understanding of ICM 
is still fragmented, and there is a need for a standardized 
definition. However, the most frequently applied definition 
involves left ventricular dysfunction in the presence of 

Table 2  (continued)

Anakinra (recombinant interleukin-1 receptor antagonist) Abbate et al. 2022[77] A pooled analysis of three early-phase randomized clinical 
trials (VCUART, VCUART2, and VCUART3) showed 
that administration of anakinra for a duration of 14 days 
in patients with STEMI results in a reduced incidence of 
new-onset HF or hospitalization for HF at 1 year follow-
ing STEMI.

Tocilizumab (targeting IL-6 receptor) Broch et al. 2021[79] The ASSAIL-MI trial showed that early treatment with 
tocilizumab improved myocardial salvage in patients 
with acute STEMI within 6 h of symptom onset.

ACC  American College of Cardiology, ACE angiotensin-converting enzyme, ACS acute coronary syndrome, AHA American Heart Association, 
ARBs angiotensin-receptor blockers, ARNI angiotensin-receptor/neprilysin inhibitor, CHF congestive heart failure, ESC European Society of 
Cardiology, HF heart failure, HFrEF heart failure with reduced ejection fraction, ICM ischemic cardiomyopathy, IHD ischemic heart disease, 
LV left ventricle, LVEF left ventricular ejection fraction, MI myocardial infarction, MRAs mineralocorticoid receptor antagonists, STEMI ST seg-
ment elevation myocardial infarction, HHF hospitalization for heart failure
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significant CAD. The pathophysiology of ICM involves 
plaque buildup, thrombus formation, and subsequent 
myocardial ischemia, leading to reversible contractile 
dysfunction (myocardial stunning) or chronic hypoperfusion 
(hibernating myocardium). Prolonged hypoperfusion can 
cause irreversible damage to cardiac myocytes, leading to 
heart remodeling. The prevalence of ICM is influenced 
by age and sex, with a higher prevalence among older 
individuals and males. The incidence and prevalence of 
ICM have been increasing owing to improved survival rates 
in CAD patients, an aging population, and the presence of 
risk factors. HF is a common complication in patients with 
AMI, with varying incidence rates reported in different 
studies. In patients with chronic coronary syndrome, there 
is limited information on the development of HF; however, 
unrecognized CAD is associated with HF. The outcomes 
of ICM are poor, with elevated mortality rates and a 
significant impact on quality of life. The growing burden of 
ICM points, therefore, toward an urgent need for effective 
management strategies. Customized patient care and a 
better understanding of the underlying causes of HF are 
crucial for improving outcomes. The exploration of lifestyle 
modifications, medical therapy, device interventions, 
revascularization therapy, MCS, and cardiac transplantation 
highlights the range of therapeutic options available to 
improve outcomes in patients with ICM. Future research 
should focus on refining treatment strategies, exploring 
emerging therapies, and advancing our understanding of 
this complex condition to further optimize patient care and 
outcomes.
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