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Abstract
Ischemic heart failure (IHF) is a life-threatening cardiac condition characterized by systolic dysfunction and reduced cardiac output. It results from an imbalance 
between myocardial oxygen demand and supply. If left untreated, the condition could lead to disability and death. Medical or revascularization therapy potentially 
restores cardiac function and improves survival, thus the selection of patients who will benefit from vascularization remains an important clinical target. However, 
for years, research on IHF therapies lagged behind as the focus was more on functional status of the heart than on etiology. Recently, increased research has provided 
greater insight into myocardial viability and contributed to new strategies for identifying patients for vascularization. In this review, we aggregate published evidence 
on IHF definition, etiology, pathophysiology, clinical presentation, diagnosis and clinical management of IHF. The objective is to improve clinical understanding and 
management of IHF.
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Introduction
Ischemic heart disease (IHD), the principal component of 

cardiovascular diseases (CVD) [1], is the single largest cause of death 
in developed countries and one of the leading causes of disease burden 
in developing countries [2]. If the condition remains undiagnosed 
or untreated, it eventually leads to ischemic heart failure (IHF) – a 
condition characterized by a weakened myocardium and reduced 
cardiac output [2]. It may also lead to substantial disability, loss of 
productivity and increased cost of healthcare [3]. Despite these serious 
clinical implications, IHF lacks a definite terminology [4]. Most IHF 
studies refer to the condition as ischemic left ventricle (LV) systolic 
dysfunction or ischemic cardiomyopathy [5-7]. Many other studies 
refer to IHF using its sequalae – ischemic heart disease (IHD) [3,8], 
acute coronary syndrome (ACS) [9,10], coronary heart disease (CHD) 
[11,12] or coronary atherosclerotic disease [13-15]. 

Although studies on IHF span a period of three decades, there is a 
lack of strong evidence in many aspects from definition to treatment. 
The lack of a universal terminology complicates comparison of 
epidemiology, diagnosis, and treatment outcomes between studies, 
and impacts negatively on developing a common approach to the 
management of HF. Furthermore, the traditional classification 
systems of HF have relied on the location of cardiac dysfunction (left 
ventricular, right ventricular or bi-ventricular), time of onset (acute or 
chronic), cardiac output (high-output and low-output), or functional 
status (systolic or diastolic) [16]. These classification systems did not 
consider the etiology of IHF and contributed to the lagging behind of 
research into the pathophysiology of IHF with the implication of the 
lack of approvals for new treatment for IHF for several decades [17]. 
However, since 2007, new insights into pathophysiologic mechanisms 
of IHF began to emerge leading to the development of new anti-
ischemic therapies with novel mechanisms of action [17]. In this article, 
which includes two meta-analysis of diagnosis methods and treatment 
strategies of IHF, we critically review the etiology, pathophysiology, 
diagnosis and clinical management of IHF. 

Definition
Heart failure is a syndrome characterized by a triad of cardiac 

abnormality, exercise intolerance, and neuro-hormonal activation 
caused by an insult to the myocardium from infarction, infection, 
toxins, genetic abnormality, hypertension or valvular diseases [16]. The 
definition suggests the presence of classical HF symptoms – dyspnea, 
fatigue and edema – are redundant in describing HF because of the lack 
of established evidence to suggest the onset of symptoms represents 
a particular pathological event. In addition, HF therapies also appear 
beneficial in the asymptomatic phase to suggest HF is a continuum 
from asymptomatic cardiac dysfunction with neurohormonal 
activation to symptomatic severe cardiac dysfunction with marked 
neurohormonal activation [16]. Although a dominant subset of HF, 
IHF is not a definitive clinical condition, rather considered a syndrome 
representing the final pathway to a heterogeneous group of cardiac 
conditions that lead to decreased circulation in coronary resistance 
vessels and ultimately reduced myocardium oxygen supply [3]. 

Ischemic HF is a cardiac condition resulting from cardiomyocyte 
hypoxia – when oxygen supply to a part of the myocardium is insufficient 
to meet its metabolic needs – leading to ventricular dysfunction. The 
clinical phenotype accompanying cardiac ischemia can be divided 
into acute coronary syndrome (ACS) or chronic coronary syndrome 
(CCS) based on the time of onset of an ischemic episode. In ACS, a 
sudden drop in coronary micro-vessel circulation causes a sudden 
decrease in myocardial oxygen supply leading to acute ischemic 
cardiomyocyte injury. It may result from the obstruction of myocardial 
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perfusion by plaque injury (rapture, erosion or hemorrhage) usually 
superimposed on thrombosis, endothelial dysfunction or increased 
smooth muscle reactivity [17]. On the other hand, in CCS, there is an 
abrupt increase in myocardial oxygen demand with limited cardiac 
ability to increase myocardial oxygen supply in the setting of disorders 
of coagulation, endothelial or smooth muscle cell function [18]. In 
IHF, the consequences of the imbalance between myocardial oxygen 
demand and supply is more important because it leads to a weakened 
myocardium and reduced cardiac ability to pump increased quantity 
of blood concomitant with rising metabolic demands of the body [16]. 

Epidemiology
The epidemiology of IHF remains understudied as well as poorly 

understood. However, the epidemiology of its major sequelae (IHD) has 
been well established, providing valuable insights into the prevalence 
and incidence of IHF. The World Health Organization (WHO) estimates 
IHD causes 7.3 million deaths and a loss of 58 million disability-adjusted 
life years (DALYs: the sum of years lived with disability and years of life 
lost) globally [19]. About 75% of global deaths and 82% of the total 
DALYs due to IHD occur in low- and middle-income countries. The 
mortality rate across developing countries varies considerably both 
as a proportion of CVD deaths and as a proportion total deaths [2]. 
According to the WHO Global Burden of Disease 2010, IHD is the 
leading cause of CVD deaths globally, accounting for 43% of all CVD 
deaths [19]. Deaths due to CVD represent 30% of all deaths but with 
varying rates and patterns between high- and low- to middle-income 
countries. The CVD-related mortality rates in high-income countries 
is 38% and in low to middle-income countries is 28%. The range varies 
significantly from a high of 58% in Eastern Europe to 10% in Sub-
Saharan Africa [19]. In all regions of the WHO except Africa, IHD 
the leading cause of deaths [20]. However, at the beginning of the 21 
Century, IHD ranked the eight leading cause of death in Africa in both 
men and women [21,22]. In WHO 2005 estimates, IHD-related deaths 
in Africa were about 361,000 and project to double by 2030. In people 
aged > 60 years, it is the leading cause of death in males and the second 
leading cause in women [23].

Pathophysiology
Anaerobic conditions limit myocardial ability to generate sufficient 

energy to maintain essential cardiomyocellular processes. Thus, a 
sufficient constant supply of oxygen matching myocardial demand 
is indispensable for both cardiac viability and optimal functioning 
[24]. Oxygen is a major determinant of myocardial gene expression. 
Ischemia-induced hypoxia decreases myocardial oxygen levels 
significantly altering cardiac gene expression patterns [25]. Oxygen 
also participates in the generation of nitric oxide (NO), important 
for determination of vascular tone and cardiac contractility. Oxygen 
is also central in the generation of reactive oxygen species (ROS) that 
participate in cell signaling or could induce irreversible cellular damage 
[26,27]. Oxygen is thus both vital and deleterious to cardiac function 
underscoring the importance of its regulation. In IHF, vascular and 
non-vascular conditions cause a reduction in the myocardial oxygen 
supply/demand ratio in the setting of increased myocardial oxygen 
demand or decreased myocardial oxygen supply (Figure 1).

Increased myocardial oxygen demand

Increased myocardial oxygen demand (the amount of oxygen 
required to maintain optimal cardiac function) in the absence of 
a concomitant increase in myocardial oxygen supply is one of the 
major conditions precipitating cardiac ischemia and ultimately IHF. 

An increase in one or more determinants of myocardial oxygen 
consumption leads to increased myocardial oxygen demand. The three 
key determinants are:

a)	 An increase in the heart rate;

b)	An increase in left ventricular (LV) loading: either increased 
afterload due to systolic wall stress, arterial stiffness or systolic 
blood pressure, or increased preload due to diastolic wall stress, end 
diastolic pressure and volume, and wall thickness; or

c)	 Increased contractility in the setting of heightened physical or 
emotional activities [28].

In addition to these three key determinants, during the actual 
ischemic episode, there is a secondary increase in myocardial oxygen 
demand but the exact mechanism underlying remains incompletely 
understood. This secondary increase in myocardial oxygen demand 
occurs in both asymptomatic and painful ischemic episodes. In painful 
episodes, it occurs prior to the perception of pain. Chest pain or 
discomfort and related symptoms may cause an increase in myocardial 
oxygen demand but it is not the only mechanism. The secondary increase 
in myocardial oxygen demand increases the magnitude or prolongs an 
ischemic episode and could potentially aggravate the consequences 
of an ischemic episode to the myocardium. Knowledge of increased 
myocardial oxygen demand in IHF contribute to the development of 
anti-ischemic therapies mainly limiting increases in myocardial oxygen 
demand by suppressing increases in heart rate, afterload, preload and/
or contractility [28].

Reduced myocardial oxygen supply
Reduced myocardial oxygen supply refers to conditions that limit 

the ability of the myocardium to generate sufficient energy in the setting 
of a reduced coronary microvessel blood flow to the myocardium. 
The major conditions limiting myocardial oxygen supply and thus its 
ability to increase oxygen supply to match increasing cardiomyocellular 
demands include flow-limiting stenosis, negative vascular remodeling 
and coronary endothelial dysfunction [24,25].

Flow-limiting stenosis: Coronary arterial circulation consisting of 
conductance and resistance vessels delivers blood to the myocardium. 
Thus, vascular or non-vascular conditions that lead to a reduction in 
coronary arterial circulation contribute to the development of ischemic 
HF. Vascular conditions reduce myocardial oxygen supply by lowering 
the ceiling of myocardial blood flow through flow-limiting stenosis 
with insufficient collateral circulation [25]. Flow-limiting coronary 

Figure 1. Pathophysiology of ischemic heart failure
The key pathophysiologic mechanisms of ischemic heart failure are increased myocardial 
oxygen demand and limited ability to increase myocardial oxygen supply relative to 
myocardial demand. Increased oxygen demand results from increased heart rate, arterial 
stiffness, preload, contractility and vascular wall tension. Limited ability to increase 
myocardial oxygen supply results from negative vascular remodeling, flow limiting 
stenosis, endothelial dysfunction, microvascular dysfunction, and decreased aortic diastolic 
pressure. Resulting myocardial oxygen demand/supply leads to myocardial dysfunction 
and ultimately ischemic heart failure. Adapted from Pepine & Nichols, 2007, p. I-5 [28].
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stenosis mostly occurs at the epicardial vessel and at the micro-vessel 
level. The obstruction could be dynamic occurring as a result of altered 
smooth muscles negative remodeling or the rapture of platelet micro-
aggregates; or fixed, occurring in the setting of atheroma, thrombus or 
embolus. Mostly, in chronic IHD, both dynamic and fixed obstruction 
are present. The extent to which flow-limiting obstruction reduces 
coronary circulation depends on the size of the coronary vessel lumen 
available for circulation, in turn determined by vascular remodeling 
[26].

Altered coronary reactivity: Altered coronary reactivity at the 
conductance and resistance vessel levels contribute to reduced 
myocardial oxygen supply through limiting coronary circulation. 
Common altered reactivity may include impaired vessel dilation in 
the setting of endothelial dysfunction or increased smooth muscle 
activation such as spasm [28]. The periodic embolization of platelet 
microaggreggates from roughened plaque surfaces may also contribute 
to flow-limiting obstruction at the micro-vessel level. Accumulating 
evidence supports the role of reactivity-associated flow-limiting 
obstruction at the coronary microcirculation level in the development 
of ischemic HF. It is the cause of the wide variability in effort tolerance 
over time; large scatter between stenosis severity and coronary flow 
reserve (the ratio between resting and maximal possible coronary blood 
flow); reduced circulation in regions perfused by non-stenotic vessels; 
wide variability in flow following successful stenting; and necropsy 
evidence for embolization in micro-vessels [26]. The role flow-limiting 
obstruction in ischemic heart failure supports the utility of the dilation 
of coronary resistance arterioles as a potential therapeutic target [29].

Coronary endothelial dysfunction: Coronary endothelium is the 
monolayer of cells lining the coronary vessels providing a physical 
barrier between the coronary vascular walls and the circulating 
blood. The endothelium is involved in maintaining vascular tone, 
regulating homeostasis and inflammation, and modulating paracellular 
permeability (preventing diffusion of toxic substances) [28]. 
Endothelial dysfunction is the inability of the endothelium to perform 
one or more of its functions and plays a key role in determining 
myocardial ischemia in all clinical manifestations of IHD [29]. 
Metabolic regulation of coronary circulation occurs at the resistance 
vessel level to match oxygen supply and demand. The secretion of 
free oxygen radicals mediates increased circulation in the presence 
of increased myocardial oxygen demand [28]. A variety of conditions 
such as physical, biochemical and immune-mediated injuries may 
damage the endothelium. Among these conditions, oxidative stress 
is the predominant factor producing endothelial dysfunction [29]. 
Conditions such as increased systolic blood pressure, low-density 
lipoprotein, obesity, diabetes and ageing may increase oxidant stress 
within the endothelium to impair the production, release or activity 
of nitric oxide [30]. The resulting endothelium injury negatively alters 
all endothelial-mediated activities such as impairs smooth muscle 
relaxation, stimulates smooth muscle growth, disrupts anticoagulant 
surface and impairs fibrinolysis, altogether termed endothelial 
dysfunction. The persistence of endothelial dysfunction results into 
negative vascular remodeling characterized by intimal thickening with 
atheroma formation, thus flow-limiting stenosis [31].

Disorders of the vascular smooth muscle: Disorders of the vascular 
smooth muscles is another mechanism proposed to cause a reduction 
in myocardial oxygen demand through flow-limiting obstruction in 
coronary vessels. Disorders such as increased vascular smooth muscle 
cell activity or impaired relaxation in the setting of either endothelial 
dysfunction or smooth muscle cell dysfunction occur in both coronary 

conducting and resistance vessels causing a limited flow reserve. In 
many patients groups such as hypertensive, diabetic, older adults, 
postmenopausal women and hypercholesterolemia, endothelial and 
smooth muscle cell dysfunction at the coronary resistance vessel level 
may predominate to cause ischemia or aggravate ischemic episodes 
in the setting of other obstructive mechanisms such as atheroma 
obstruction [28]. 

Atherothrombosis and vulnerable plaque: Stable atherothrombosis 
(atherosclerotic plaque disruption with superimposed thrombosis) 
and vulnerable plaque are other proposed IHF pathologic mechanisms 
leading to limited cardiac ability to increase coronary flow [32]. 
Atheroma formation (defined as the degeneration of arterial walls due 
to the accumulation of fatty deposits and scar tissues) in the presence 
or absence of thrombus, accounts for increases in the volumes of plaque 
potentially limiting coronary circulation [28]. Histologically, vulnerable 
plaque usually consists of a large core of extracellular lipid, a dense 
accumulation of macrophages, decreased numbers of vascular smooth 
cells and a thin fibrous cap. Plaque disruption occurs at the point where 
the fibrous cap is weakest and heavily infiltrated with inflammatory 
cells. Rapturing of the plaque exposes its highly thrombogenic, lipid-
rich core with abundant tissue factor to circulating blood triggering 
the formation of superimposed thrombus leading to vessel occlusion 
and subsequent ischemic symptoms in distal areas [32]. Vulnerable 
plaques that are prone to rupture, erosion or inter-plaque hemorrhages 
with thrombus formation are pathologic mechanisms of ACS but 
mechanisms underlying CCS remain unclear. However, multi-vessel 
flow-limiting stenosis are common in CCS with a highly variable 
degree of lumen compromise. The coronary vessel lumen available for 
blood flow depends on vascular remodeling [28]. Vascular remodeling: 
Coronary conducting artery lumen size available for blood flow is 
critical to the pathophysiology of ischemic HF. Lumen size depends 
on vascular remodeling, a process describing the relationship between 
changes in atheroma volume, lumen size and external vessel size, 
which can be positive or negative [33-35]. The interaction of oxidative 
stress with vascular smooth muscles and inflammatory cells, and 
changes in matrix leads to vascular remodeling to determine the size of 
coronary vessel lumen available for circulation. Differences in vascular 
remodeling related to estrogen receptor alpha (ERα) expression are 
involved in varying smooth muscle cell phenotypes in some gender-
associated differences in CAD [36]. Smooth muscle cells are responsible 
for extracellular matrix (ECM) synthesis and modulate the integrity of 
the arterial wall. Smooth muscle cells maybe decreased, apoptotic or 
dysfunctional in the synthesis or repair of the ECM, and in vulnerable 
plaque destroyed by macrophages [33]. 

In positive vascular remodeling, coronary vessel lumen size remains 
relatively the same as atheroma volume increases by compensatory 
remodeling – atherosclerotic mass remain external to the lumen. 
Atheroma volume occurs predominantly within the vascular wall 
accompanied with compensatory enlargement of the externa elastic 
membrane allowing the external vessel to enlarge and preserve the 
lumen size available for coronary circulation [17,35]. Compensatory 
remodeling is more common in ACS than in CCS [28]. Vulnerable 
plaque is a more common pathophysiologic mechanism in ACS while 
the degree of stenosis is more common in CCS, which explains the loss 
of compensatory remodeling as a central mechanism in CCS [28]. In 
negative vascular remodeling, the compensatory mechanisms become 
exhausted and the atheroma volume (plaque deposition) begins to 
compromise the coronary vessel lumen and decreases the size available 
for circulation. As the negative remodeling progresses, the ceiling for 
blood flow increases relative to increasing oxygen demand and then 
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decreases. Because of increased atheroma volume or the exhaustion 
of compensatory mechanisms, or both, the coronary vascular lumen 
begins to narrow. Luminal narrowing of approximately 70% limits the 
ceiling for increasing coronary circulation in response to increased 
myocardial oxygen demand resulting into ischemia. Vessel shrinkage 
is common in CCS than in ACS suggesting a relationship between 
vascular distensibility and positive vascular remodeling. The absence 
or exhaustion of compensatory mechanisms indicates plaque stability 
in chronic stable ischemia [28]. 

Non-vascular conditions

Non-vascular conditions also contribute to the mechanisms of 
ischemic HF through hydraulic conditions affecting coronary blood 
flow and extravascular microvessel compression due myocardial 
hypertrophy of infiltrative diseases such as amyloid, myxedema, 
granuloma, and tumor cells [18]. However, the main non-vascular 
determinants of coronary circulation are decreased diastolic pressure-
time and central arterial stiffness [28].

Decreased diastolic pressure-time: The myocardium has a very 
high oxygen extraction from blood perfusion it. Thus, an increase in 
myocardial oxygen supply can only be met by a relative increase in 
coronary circulation. About 80% of myocardial blood flow occurs in 
diastole, and thus aortic diastolic pressure amplitude and duration of 
diastole are the principal non-vascular determinants of myocardial 
perfusion. While the traditional focus for myocardial ischemia has been 
investigation for flow-limiting obstruction of the coronary conducting 
vessels with little concern for other factors limiting coronary blood 
flow, changes in diastolic duration exerts the same effect on coronary 
flow as a severe stenosis on coronary conducting vessel [37]. 

Central arterial stiffness: Increased central aortic stiffness in 
atherosclerosis is an independent predictor of adverse coronary events 
[38,39]. Increases in central arterial stiffness and wave reflection 
amplitude causes a rise in systolic aortic pressure, widening of pulse 
pressures and increase in myocardial systolic wall pressures and 
oxygen demand with decreases in diastolic (perfusion) pressure [40]. 
These alterations in ventricular versus vascular coupling causes an 
imbalance in the myocardial oxygen supply and demand ratio leading 
to myocardial ischemia and angina. Compared to normal (or healthy) 
coronary blood vessels, autoregulation preserves circulation over a 
wide range of perfusion pressures, for example, vasodilation during 
decreasing perfusion pressures [41]. In the setting of LV hypertrophy 
and other conditions such as tachycardia that lead to increased 
myocardial oxygen demand coronary circulation increases to match 
demand. However, when LV pumps blood into a stiff (non-compliant) 
aorta, systolic pressure and consequently myocardial oxygen demand 
increases while diastolic pressure decreases but with an increase in 
coronary circulation responding to increased demand with preserved 
contractility [42-44]. However, increased aortic stiffness reduces 
coronary flow reserve and during increased myocardial contractility 
impairs endocardial flow leading to sub-endocardial ischemia [43]. 
These alterations become pronounced in the setting of high-grade 
coronary stenosis or during reduced diastolic blood pressure [45].

Vascular and non-vascular conditions cause an imbalance between 
myocardial oxygen demand and supply. The imbalance maybe acute 
through infarct (necrosis or fibrosis) or a potentially reversible (upon 
resumption of adequate coronary perfusion) chronic ischemic insult 
on the myocardium. Both acute and chronic ischemic insult lead to 
a loss of ventricular function and reduced cardiac output [5-7]. The 
potentially reversible chronic ischemic insult to the myocardium leads 

to development of hibernating or stunned myocardium characterized 
by a transient and reversible contractile dysfunction. The concept of 
hibernating myocardium is usually confused with stunned myocardium. 
In hibernating myocardium, ischemia is ongoing but in stunned 
myocardium, perfusion is fully or almost restored. Both hibernating 
and stunned myocardium retain an inotropic reserve. However, in 
hibernating myocardium, the increase in contractile function occurs 
with deterioration in metabolic function but in stunned myocardium, 
there is no metabolic deterioration during inotropic stimulation [7]. 
Thus, inotropic stimulation in combination with metabolic imaging 
helps to detect viable and dysfunctional myocardium as well as 
distinguished hibernating from stunned myocardium [5,6]. These 
changes also provide insights into clinical management of transient 
myocardial ischemia. Therapy of hibernating myocardium is to restore 
coronary perfusion to the hypoperfused myocardial tissue while 
stunned myocardium requires no therapy since perfusion is normal 
and contractile function recovers spontaneously [7].

Risk factors
Risk factors are conditions that predispose an individual to the 

development of a disease. The concept of risk factors in CVD originated 
from the Framingham Heart Study (FHS), which published its initial 
findings in 1957. The study demonstrated epidemiological correlation 
between cigarette smoking, blood pressure and cholesterol levels, and 
the incidence of IHD. The findings truly revolutionized the practice of 
medicine by promoting minimization of risk factors as a complementary 
strategy to medical therapy [46]. While some risk factor may exert an 
independent effect on the risk of developing IHD, increased burden of 
risk factors significantly increases the likelihood of developing IHD 
[47]. The FHS divided risk factors for IHD into two: modifiable and 
non-modifiable risk factors. Non-modifiable risk factors such as age, 
gender and family history are factors that cannot be controlled while 
modifiable risk factors such as smoking, obesity, inactivity, excessive 
alcohol and stress are factors that measures can be taken to control 
them [47,48].

Non-modifiable risk factors

Increasing age: Increasing age is a non-modifiable and independent 
risk factor for the development of IHD. All clinical manifestations of 
atherosclerotic disease (a major sequalae to ischemic HF) increases with 
age suggesting an independent contribution of ageing to development 
of atherosclerosis [49]. Age is also the strongest predictor of IHD in 
patients aged ≥ 65 years who have 15 times the odds of IHD compared 
to patients younger than 45 years [50]. Ageing also correlates with the 
acquisition and increments in other major modifiable risk factors to 
contribute to the development of IHD. Thus, a considerable proportion 
of the effect of age on IHD risk could be a reflection of the intensity and 
duration of exposure to modifiable risk factors that accompany ageing 
[49].

Male gender: The male gender is an important non-modifiable 
risk factor for the development of IHD. The traditional consideration 
that IHD was a disease predominantly affecting men influenced the 
non-inclusion of women in earlier CVD research programs. In the 
1990s, increased attention focused on female with IHD established the 
existence of gender difference in the utility of diagnostic and therapeutic 
procedures for IHD [51]. Males have 3.7 times the odds of developing 
IDH compared to women [50]. The lifetime risk of developing IHD at 
the age of 40 years is also higher for men (50%) compared to women 
(33%) [53]. Gender difference in the risk of IHD may emerge from 
differences in the intensity and prevalence of modifiable risk factors. 
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Diabetes, high density lipoproteins and triglycerides levels have a 
greater impact on IHD risk in women while lipoprotein (a) has a 
stronger impact on men [52].

Family history: Ischemia heart disease has been known to aggregate 
in families. However, methodological factors such as identification and 
definition of a positive family history has complicated research into 
the contribution of family history to IHD risk especially in comparing 
study results [50]. In addition, the interaction between known risk 
factors and family history makes it difficult to quantitate its effect 
independent of other know factors [54]. Despite the difficulty, post hoc 
analysis of FHS data finds parental history of IHD or diagnosis of IHD 
in first-degree relative increases the probability of a premature onset of 
IHD [55]. The risk is higher if the father or brother has IHD before the 
age of 55 years or the mother or sister has the disease before the age of 
65 years [56]. While a history of IHD in first-degree relatives is a risk 
factor for IHD, the risk is greater in women than in men [56]. Family 
history is important in the risk stratification of individuals who are at 
low risk [54].

Modifiable risk factors

Cigarette smoking: Cigarette smoking is the most preventable 
cause of ischemic HF. The correlation between smoking and increased 
risk of ischemic HF first emerged from the findings of the FHS, which 
demonstrated smokers had an increased risk of developing myocardial 
infarction (MI) or sudden cardiac death (SCD). At least 20% of MI 
patients go on to develop ischemic HF [24]. The risk strongly associated 
with the number of cigarette smoked daily and the duration of smoking 
[46]. Accumulating evidence continue to show that cigarette smoking 
doubles the risk of IHD-associated morbidity and mortality [50]. 
Smoking cessation significantly reduces the risk of all-cause mortality 
and non-fatal MI in IHD patients, [57]. The risk of morbidity and 
mortality associated with cigarette smoking reduces significantly 
after smoking cessation but may take over 20 years for a complete 
reversal [58]. About 20% of patients with IHD who give up smoking 
after acute MI achieve a 20% reduction in mortality rates and infarct 
recurrences [59]. Smokers < 50 years have a tenfold increase in the risk 
of developing IHD compared to age-matched non-smokers [50,60].  
Physical inactivity: Physical inactivity or sedentary lifestyle is another 
potentially preventable risk factor for ischemic HF. A landmark study 
by Morris et al. [61] was the first demonstrate the relationship between 
physical inactivity and the incidence of acute MI and SCD ascribed 
to ischemic HF. The study reported conductors on London’s double-
decker buses (move up and down the bus stairs) has fewer incidence 
of ischemia-associated acute MI and SCD compared to their sedentary 
drivers. The risk of death from ischemic HF for sedentary compared 
with physically active individuals is 1.9 [62]. Regular physical activity 
has several cardiovascular benefits including reduced blood pressure, 
weight control, and reduced waist circumference, which are helpful 
in reducing the risk of developing ischemia HF. The recommended 
of physical exercise has become an important part of non-medical 
therapies as a preventive policy for all patient cohorts – older adults, 
children and teenagers – against cardiovascular diseases [46].

Obesity: Obesity, defined as body mass index (BMI) > 30 or 
overweight (BMI 25 to 30) [63], increases the likelihood of having an 
ischemic HF. Kannel et al. [64] in the Framingham study, was the first to 
described the relationship between obesity and IHD. It is an independent 
modifiable risk factor for all-cause mortality in patients with IHD [46]. 
Obesity is a metabolic disorder with associated comorbidities such as 
IHD, Type 2 Diabetes, hypertension and sleep apnea. It occurs as excess 
adipose tissue deposits, which causes alterations in metabolic profile 

and various adaptations on both cardiac structure and function [65]. 
The prevention and control of obesity and overweight had become an 
important strategy in the prevention of IHD and other CVD in both 
children and adults [66,67].

Diabetes: The involvement of diabetes in the pathogenesis of IHD 
was unclear until 1979 when post hoc analysis of FHS data identified 
diabetes as a major risk factor for ischemic HF. It increases the risk of 
clinical atherosclerotic disease by two to three-fold with a higher risk 
among females [50,68]. The American Heart Association provides 
statistics establishing the relationship between diabetes and IHD – at 
least 68% of diabetic individuals > 65 years die from heart diseases and 
16% of stroke and diabetic adults have a two-fold increase to die from 
heart diseases compared to non-diabetic patients [69]. While diabetes 
is treatable with management of glucose levels, it still increases the risk 
of ischemic HF and stroke because of the presence of comorbidities that 
are also risk factors such as hypertension, smoking, high cholesterol, 
obesity, physical inactivity and metabolic syndrome. However, 
management of these risks prevents or delays the development of 
ischemic HF as well as improves prognosis for IHD patients [50].

Dyslipidemia: Total serum cholesterol and low-density lipoprotein 
(LDL) cholesterol levels have a strong relationship with the risk of 
developing ischemic HF and are clinical markers for predicting CVD. 
Dyslipidemia, unhealthy levels of one or more kinds of lipid in blood is 
a risk factor for IHD. The principal lipoprotein transporting cholesterol 
(LDL cholesterol) is directly associated with IHD and LDL cholesterol 
levels in young adulthood predicts development of IHD later in life 
[24]. LDL is a major contributor to the pathogenesis of atherosclerosis 
and LDL cholesterol lowering drugs reduce the risk of IHD by 50% in 
individuals aged 40 and 30% at the age of 60 years [70]. High-density 
lipoprotein (HDL) cholesterol also correlates closely and inversely with 
the risk of ischemic HF and are more predictive in men than in women 
[50]. Modest increase in HDL cholesterol levels in males with IHD and 
normal LDL cholesterol levels results in significant reduction in the risk 
of major CVD events [46].

Other risk factors: Other important risk factors include hypertension 
(elevated systolic pressure ≥ 160 mmHg and diastolic pressure < 
90 mmHg), which increases the risk of CVD, stroke and all-cause 
mortality. Isolated hypertension indicates the loss of arterial elasticity 
and its prevalence increases with age [50]. Excessive consumption of 
alcohol may damage the myocardium and cause arrhythmias leading 
to increased risk of IHD. Alcohol can also contribute to weight gain, 
high triglyceride and hypertension, which increase the risk of IHD [47]. 
Finally, unhealthy diet high in saturated fats, cholesterol, salt and sugar 
may intensify other risk factors such as hypercholesterolemia, obesity 
and diabetes [47,48].

Etiology
Ischemic HF occurs in the setting of an insult to the inner lining of 

the coronary conducting and resistance vessels causing atherosclerosis 
– a buildup of excess accumulation of fatty plaque consisting of 
cholesterol and other cellular waste products at the site of insult. The 
process leads to flow-limiting obstruction in one or more coronary 
conducting or resistance vessels and a consequential decrease in the 
amount myocardial oxygen supply [24,25]. Ischemic HF can be acute, 
occur suddenly quickly precipitated by a sudden decrease in coronary 
circulation, or can be chronic, in the setting of increased myocardial 
oxygen demand or progressive decrease in coronary circulation [17]. 
Several conditions could cause an imbalance in myocardial oxygen 
supply and demand contributing to ischemic episodes and ischemic 
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HF. These conditions may include IHD, thrombosis, and coronary 
artery spasm.

Ischemic heart disease

Ischemic heart disease (IHD), the main sequalae to ischemic 
HF, encompasses a broad spectrum of clinical entities including 
asymptomatic subclinical atherosclerotic disease and its clinical 
complications such as angina pectoris, MI and SCD. IHD leads to 
flow-limiting obstruction to circulation in the coronary artery vessels 
causing myocardial ischemia [25]. IHD may present as advanced 
IHD, bifurcation blockage, myocardial infarction or silent ischemia 
[71]. Advanced IHD is common among patients with aggressive heart 
conditions who are at an elevated risk of developing ischemic HF and 
arrhythmias (irregular heartbeat or dysrhythmia). These patients may 
have previously undergone coronary bypass surgery, multiple stents or 
angioplasty procedures, and may experience chest pain despite optimal 
treatment [72]. Bifurcation blockage refers to a condition where the 
Y-junction of coronary artery has narrowed due to increased fatty acid 
deposition causing reduced coronary circulation. Myocardial infarction 
or heart attack is a fatal condition characterized by cardiomyocyte 
necrosis secondary to a complete loss of blood supply to an area 
of the myocardium leading to permanent cardiac injury [71,72]. A 
transient shortage of blood supply to the myocardium usually results 
into symptoms such as angina pectoris. However, in silent ischemia, 
there is no pain but it frequently disturbs cardiac rhythm leading to 
arrhythmias such as ventricular tachycardia or ventricular fibrillation, 
which potentially interferes with cardiac ability to pump and symptoms 
such as fainting or SCD [72].

Coronary thrombosis

Coronary artery thrombosis is another important etiology of IHD 
and ischemic HF. The rapture of vulnerable atherosclerotic plaque in 
coronary vessels in the presence or absence of severe stenosis activates 
thrombotic mechanisms leading to local thrombosis formation [73]. 
However, severe stenosis is as independent predictor of increased risk 
of ischemic HF. Thrombosis could cause a partial or complete occlusion 
of coronary conducting or resistance vessels leading to acute and severe 
myocardial ischemia resulting into ischemic HF [71]. Partial occlusion 
of coronary vessel leads to unstable angina (or non-ST Elevation 
Myocardial Infarction [NSTEMI]) while complete occlusion leads to 
ST elevation myocardial infarction (STEMI) [73].

Coronary artery spasm

Coronary artery spasms (CAS) is a transient and intense 
vasoconstriction of coronary arteries leading to total or incomplete 
occlusion of the vessel. It is an important cause of myocardial ischemic 
syndromes including NSTEMI, STEMI, acute MI and ischemic HF [74]. 
Whereas IHD has been well recognized as the key cause of ischemic HF 
in the setting of coronary atherosclerosis, microvascular dysfunction 

or acute thrombosis and luminal obstruction, CAS may cause transient 
ischemia leading to acute MI in the absence of observable coronary 
pathology [75]. CAS may also cause symptoms of chest pain, infarction, 
LV dysfunction, promote life-threatening arrhythmias and SCD [75].

Clinical presentation
Ischemic HF usually does not cause signs and symptoms until the 

setting of severe coronary stenosis or total occlusion of coronary artery. 
The disease usually goes undiagnosed until in a medical emergency such 
as a heart attack or stroke [76]. However, some patients with ischemic 
HF may present with signs and symptoms depending on the coronary 
artery affected. The most common clinical manifestation of ischemic 
HF is angina pectoris (AP) or ischemic chest pains, which may appear 
as stable angina (NSTEMI) or unstable angina (STEMI) during physical 
exertion, stressful situations or at rest [76]. Other clinically relevant 
symptoms are heart attack and SCD [77].

Angina pectoris

It has long been established that IHD comprises a wide spectrum 
of conditions ranging from chronic stable angina to acute MI. Unstable 
angina lies at the middle of the spectrum and an important symptom 
of ischemic HF. It results from five different but mutually inclusive 
causes: (a) non-occlusive coronary thrombus on a pre-existing plaque; 
(b) dynamic flow-limiting obstruction; (c) progressive mechanism 
obstruction; (d) inflammation; and (e) secondary unstable angina [77]. 
Unstable angina could be classified into three levels (I, II and III) based 
on severity, presence or absence of extracardiac conditions and time of 
onset (Table 1).

The common triggers of typical angina include exertion, emotional 
stress, cold, wind or fever. Exertional angina is relieved between 
one and five minutes by rest or nitrates, otherwise episodes may last 
between two to ten minutes [76,77]. Angina manifests as heaviness or 
pressure in the precordium, restrosternum or epigastrium with possible 
radiation to outer aspects of both arms, neck, jaw and shoulder or 
mid-abdomen [76]. The quality of pain may be described as crushing, 
tightness, pressure or gripping in the presence or absence of numbness. 
Atypical angina on the other hand occurs especially in women and 
diabetic patients. It may be atypical in location and provoking factors 
[77].

Arrhythmias

Inadequate blood supply or injury to the myocardium could 
potentially interfere with cardiac electrical impulses leading to abnormal 
heart rhythm (arrhythmias). In IHD, two common patterns initiating 
fatal arrhythmias are ischemia or infarction-triggered ventricular 
arrhythmias or anatomical substrate (scarring from previous MI) 
scarring [79]. Animal models demonstrated arrhythmias in the setting 
of acute MI and infarction following the occlusion of coronary artery 

Severity Description

Clinical Circumstances
A: Develops in the presence of 

extracardiac condition intensifying 
MI (secondary UA)

B: Develops in the absence of 
extracardiac condition (primary 

UA)

C: Develops within 2 weeks of 
acute MI (post-infarction UA)

I New onset of severe or accelerated angina with no 
rest pain IA IB IC

II Angina at rest within past month within 48 hours 
(subacute angina) IIA IIB IIC

III Angina at rest within 48 hours (acute angina) IIIA IIIB (T-positive);
IIIB (T-Negative) IIIC

Table 1. Classification of unstable angina

MI: Myocardial Infarction; T: Troponin; UA: Unstable Angina [77]
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might occur in distinct phases. The first phase of arrhythmias occurs 
between two and ten minutes resulting from alterations in cellular 
electrophysiology and re-entrant mechanisms, while the second phase 
occur ten to thirty 30 minutes, which may have an association with 
accumulation of catecholamine and increased automaticity (the ability 
of cardiac cells to spontaneously generate an electrical impulse) [80].

Diagnosis
The Coronary Artery Surgery Study (CASS) [81] demonstrated 

the LV ejection fraction impacts on Ischemic HF prognosis and 
treatment. However, the current definition of ischemic HF linking 
significant coronary obstruction and systolic dysfunction disregards 
important pathophysiologic and etiologic mechanisms and less useful 
for application in clinical diagnosis [6,7]. However, ischemic heart 
failure is a spectrum ranging from stunned myocardium associated 
with myocardial fibrosis to hibernating myocardium and repetitive 
ischemic episodes [82,83]. Although ischemic HF lacks focused clinical 
guideline for diagnosis and management, the latest American Heart 
Association/American College of Cardiology (AHA/ACC) [84] and 
European Society of Cardiology (ESC) [85] HF guidelines recommend 
diagnosis should be based on establishing viable myocardium – which 
recovers after coronary reperfusion using clinical and imaging methods 
[6]. 

Clinical evaluation

The 2012 AHA/ACC guidelines on diagnosis and management fi 
stable IHD [86] recommends the initial diagnosis of ischemic HF is 
clinical evaluation of patients with angina. Although considered the 
most common clinical manifestation of cardiac ischemia, the presence 
of angina is inconclusive since it occurs in 30% of patients with non-
ischemic HF [87]. Clinical evaluation should consider accompanying 
signs and symptoms, patient history and risk markers to strengthen 
suspicion as well as categorization of angina as stable or unstable 
[88]. Clinical evaluation should include physical examination, resting 
electrocardiogram (ECG), chest x-ray, blood and exercise tests. 

Physical examination is non-specific but recommended to 
detect evidence of alternative diagnosis for valvular heart disease, 
musculoskeletal disorders or hypertrophic cardiomyopathy. Surrogate 
markers such as severe dyslipidemia indicates IHD or third heat sound 
and peripheral edema indicates LV dysfunction [84]. Resting ECG is 
recommended for patients not having extracardiac causes of angina. 
Pathological Q-waves suggest prior MI [87]. Chest x-ray has limited 
use in diagnosing ischemic HF but provides useful information on 
alternative causes of anginal pain as well as surrogate markers of HF 
such as cardiothoracic ratio and pulmonary venous congestion [84]. 
Blood tests are recommended for identifying risk factors for IHD such 
as anemia, angina, dyslipidemia and renal function. High cholesterol 
levels and impaired glucose tolerance suggest additional tests for 
CAD [87]. Finally, exercise tests exertional symptoms, heart rate and 
blood pressure in response to physical activity. The test helps to detect 
inducible anemia by provoking cardiac ischemia through increasing 
myocardial activity and oxygen demand. However, coronary stenosis 
<70% may not be detectable by exercise testing) [88]. 

Imaging methods

Imaging methods establish diagnosis by detecting viable 
myocardium. The common imaging modalities used in the diagnosis of 
ischemic HF are myocardial perfusion imaging (single-photon emission 
computed tomography [SPECT] or positron emission tomography 

[PET], dobutamine stress echocardiography and cardiac magnetic 
resonance imaging (CMRI) [6]. Table 2 shows imaging methods and 
parameters for assessing myocardial viability.

Single-photon emission computed tomography: The SPECT 
modality assesses technetium-99 or thallium-201 radioisotope uptake 
by viable cardiomyocytes, which rely on cellular and mitochondrial 
integrity. The two protocols have a high sensitivity to predict contractile 
recovery after coronary revascularization (83% and 87% respectively) 
but with a lower sensitivity (65% and 54% respectively). Although 
widespread and availability, low spatial resolution and exposure to 
radiation limits their utility [6].

Positron emission tomography: The PET modality utility in 
assessing myocardial viability is widespread in clinical practice. The 
modality combines a tracer to assess blood flow and fluorine-18 
fluorodeoxyglucose (18F-FDG) to evaluate cellular metabolism. 
The modality provides three main result patterns useful for viability 
assessment in ischemic HF are (a) low blood flow with preserved 
metabolism suggesting a mismatch compatible with hibernating 
myocardium); (b) decreased blood flow and metabolism suggesting 
a match compatible with fibrosis or necrosis; and (c) blood flow and 
preserved metabolism suggesting normal tissue [90]. The PET modality 
has high sensitivity (~92%) but with moderate specificity (63%), and a 
higher spatial resolution with less radiation exposure relative to SPECT. 
However, PET is expensive, limited availability and limited utility in 
diabetic patients with ischemic HF depending on sensitivity of glucose 
transporters [90].

Dobutamine stress echocardiography: The utility of 
echocardiography in myocardial viability assessment relies on three 
parameters: (a): ventricular wall thickness; (b) contrast enhancement by 
cardiomyocytes; and (c) contractile reserve with inotropic stimulation 
[6]. A decrease in ventricular wall thickness (end-diastolic wall thickness 
< 6 mm) associated with loss of tissues due to cardiomyocytes fibrosis 
or necrosis, has a high negative predictive value for contractile recovery 
following revascularization [90]. In recent years, the utility of contrast 
echocardiography has increased to evaluate myocardial perfusion and 
cellular integrity. Dobutamine stress echocardiography has been used 
to assess contractile reserve where following inotropic stimulation, 
dysfunctional segment at rest presents contractile recovery. Low doses 
of dobutamine is sufficient to evaluate contractile reserve because of 
biphasic response (initial improvement followed by worsening of 
contractility at higher doses) suggesting viability of the myocardium. 
Despite dobutamine-stress echocardiography having high sensitivity 
(80%) and specificity (78%), the modality has a poor acoustic window 
and operator-dependent [91,92].

Cardiac magnetic resonance imaging: The utility of cardiac 
magnetic resonance imaging (CMRI) for the assessment of myocardium 

Imaging SPECT/
PET Echo CMRI CT Cardiac 

Catheterization
Metabolic Activity 

Perfusion metabolic 
Mismatch 

Perfusion     

Inotropic Reserve   

Cell membrane activity   

Detecting fibrosis  

Electrical activity 

Arai et al. 2011, p. 11 [89]

Table 2. Imaging and parameters methods of assessing myocardial viability
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viability in patients with ischemic HF is gaining importance because of 
better spatial resolution, no exposure to radiation, and independence 
of acoustic window compared to echocardiography and SPECT [93]. 
In the assessment of myocardial viability, CMRI uses three main 
parameters: (a) end-diastolic wall thickness; (b) low-dose dobutamine 
inotropic stimulation; and (c) late gadolinium enhancement (LGE). The 
CMRI assessment of end-diastolic wall thickness represents a measure 
of maximum thickness of myocardial wall at rest. Compared to PET 
(FDG uptake) wall thickness ≥5.5 mm suggests viability while < 5.0 
mm suggests low probability of viability [94]. LGE is the gold standard 
modality for myocardial viability assessment. Greater distribution of 
gadolinium in the extracellular spaces (areas of necrosis or fibrosis) 
leading to a delayed washout. Transmural extension of scars correlated 
with potential contractile recovery: infarcted areas < 50% suggests 
increased probability of functional improvement after revascularization 
while > 50% suggests poorer outcomes [95]. 

Meta-analysis of diagnosis methods

The discovery of potentially reversible hibernating myocardium 
in patients with IHD motivated the need to develop, test and validate 
several methods to evaluate and detect myocardial viability. Viability 
tests help to select patients who would benefit from vascularization to 
reperfuse the myocardium and optimize myocardial contractility [6]. 
At present, non-invasive cardiac imaging modalities in widespread use 
are SPECT with technetium-99 or thallium-20, PET with 18F-FDG, 
dobutamine stress echocardiography, dobutamine stress CMRI and 
LGE-CMRI [84,85]. These imaging modalities assess metabolic activity, 
perfusion-metabolic mismatch, perfusion, inotropic reserve and cell 
membrane integrity to determine myocardial viability [89]. Of the four 
methods, CMRI is gaining widespread utility because of superior spatial 
resolution, no exposure to radiation, and independence of acoustic 
window [93]. Common CMRI methods for evaluating myocardial 
viability are (a) end-diastolic wall thickness; (b) low-dose dobutamine 
inotropic stimulation; and (c) LGE-CMRI. The objective of the present 
meta-analysis is to investigate the accuracy of LGE-CMRI technique in 
the assessment of myocardial viability. 

Search criteria and inclusion: We searched for relevant studies 
using LGE-CMRI to assess myocardial viability before and after 
revascularization in patients with IHD and LV systolic dysfunction in 
online databases PubMed, EMBASE and Cochrane Central Register of 
Clinical Trials. The combination of search terms used were magnetic 
resonance imaging, myocardial or cardiac viability, viability assessment, 
viability test viable myocardium, ventricular dysfunction, cardiac 
dysfunction or hibernating myocardium. The search was limited to 
human studies including adult patients. There was no restriction on 

publication year or language. Additional studies were retrieved from 
screening citation of the included studies. Trials found only in abstract 
form without manuscript and with insufficient data for extraction 
were excluded. The inclusion criteria were the studies: (a) prospective 
RCTs recruiting IHD patients with chronic stable LV dysfunction; 
(b) CMRI was performed before and after revascularization; and (c) 
measured sensitivity and specificity based on provided cut-off values. 
Data abstracted included study name and year, patient characteristics 
(sample size, mean age and male proportion) and study outcomes 
(sensitivity and specificity, cut-off values and hyper-enhancement vs. 
normal intensity and mean follow-up months (Table 3).

Study characteristics and outcomes: The online search and 
screening of bibliographies yielded 5,543 citations for review and 
possible inclusion. After title, abstract and full-text screening, eleven 
(11) studies that met the inclusion criteria were included for analysis 
[94,96-105]. The 11 studies recruited 399 patients (means age 63.4 
years; 82.2% male). LGE-CMRI assessment of myocardial viability was 
done between 3 and 9 months (mean 9 months) after revascularization 
but the difference was not statistically significant. The description of 
hyper-enhancement varied between studies: 2 SD [94,100,101,105], 3 
SD [102], 5 SD [103] and 6 SD [97] with a mean 0f 3.14 that was not 
statistically significant. Sensitivity was calculated as the number of viable 
segments before vascularization divided by the number of segments 
with improved function after revascularization while specificities 
was the number of non-viable segments before revascularization 
divided by the total number of segments without improved function 
after revascularization. Pooled results show that LGE-CMRI has a 
good sensitivity (90.0%) and specificity (74.8%) in detecting viable 
myocardium in patients with IHD and LV systolic dysfunction. 

Discussion
Ischemic HF is a cardiac condition characterized by hibernating 

myocardium, which is potentially upon restoration of myocardial 
perfusion. Thus, the primary clinical target in these patients is selecting 
those who will benefit from revascularization [85]. A previous meta-
analysis of myocardial viability testing and impact of revascularization 
on prognosis on IHD patients with LV dysfunction reports improved 
survival after revascularization demonstrated by reduced annual 
mortality (3.2%) relative to medical therapy alone (16%) [106]. Thus, 
the 2016 ESC and the 2013 AHA/ACC HF diagnostic and clinical 
management guidelines recommend non-invasive cardiac imaging 
for all patients with IHD and ventricular dysfunction without angina 
because revascularization is recommended in all patients with angina 
irrespective of the extent of cardiac ischemia. While SPECT, PET, 
echocardiography and CMRI are common non-invasive modalities 

First Author [Ref. #] Year Size (N) Mean Age Male (%)
Hyper-enhancement 

(SD > Normal 
Intensity)

Cut-off Sensitivity Specificity Follow Up 
(Months)

Ramani et al. [96] 1998 24 64 92 NR < 50 NR NR NR
Kim et al. [97] 2000 50 63 88 > 6 NR NR NR 3
Sandstede et al. [98] 2000 12 61 83 NR < 50 98 76 3
Klein et al. [99] 2002 31 59 84 NR < 50 86 94 NR
Wellnhofer et al. [100] 2004 29 68 93 > 2 < 50 NR NR 3
Selvanayagam et al. [101] 2005 52 NR NR > 2 < 50 NR NR 6
Kuhl et al. [102] 2006 29 66 72 > 3 < 50 97 68 6
Bondarenko et al. [103] 2007 45 62 84 > 5 < 50 NR NR 3
Wu et al. [104] 2007 41 66 78 NR < 50 92 44 6
Becker et al. [105] 2008 53 59 83 > 2 < 50 72 92 9
Pegg et al. [94] 2010 33 66 65 > 2 < 50 95 75 6

Table 3. Characteristics of studies included in this meta-analysis on diagnosis 
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used for the assessment of myocardial viability, they have comparable 
diagnostic accuracies and each with unique individual limitations. 
However, increasing evidence suggests that LGE-CMRI maybe a more 
accurate modality but current evidence is fragmented and somewhat 
inconclusive because of the lack of systematic evaluation. In the current 
meta-analysis, the aim was to evaluate diagnostic accuracy of LGE-
CMRI modality in myocardial viability assessment of IHD patients 
with LV systolic dysfunction. The analysis pools together data from 
pertinent prospective RCTs to determine diagnostic sensitivity and 
specificity of LGE-CMRI myocardial viability assessment.

Our analysis reveals that LGE-CMRI is a sensitive and specific 
non-invasive modality for the assessment of myocardial viability 
in patients with ischemic HF. In delayed contrast enhanced CMRI 
using gadolinium, the presence or absence of hyper-enhancement 
correlate closely with non-viable and viable myocardium respectively 
in segments that are akinetic and dyskinetic under resting conditions 
[96]. Thus, LGE-CMRI should be considered in patients scheduled 
to undergo revascularization, which should include those with 
abnormalities in regional wall motion on echocardiography and not 
having unstable angina, New York Heart Association functional class 
IV or contraindications to CMRI. The present findings are consistent or 
strengthened by those of a previous related meta-analysis. Myocardial 
viability identified by non-invasive image testing reduced annual 
mortality rates by 79.6% demonstrating patients with chronic IHD and 
LV dysfunction with viable myocardium benefit from revascularization 
but the absence of viable myocardium is associated with no significance 
difference in outcomes despite treatment strategy [106]. In another 
meta-analysis comparing EDWT, low-dose dobutamine and LGE 
CMRI, LGE-CMRI had the highest sensitivity and negative predictive 
value but low-dose dobutamine had the best specificity and positive 
predictive value [107]. Furthermore, another study reports that the 
diagnostic accuracy of LGE-CMRI is improved if used in combination 
with EDWT [108].

Clinical management 
Clinical management of ischemic etiologies of LV systolic 

dysfunction (ischemic HF) is important since it has significantly higher 
mortality rates compared to non-ischemic etiologies [109]. The 2016 
ESC [85] and 2013 AHA/ACC [84] HF guidelines recommend clinical 
management of ischemic HF should include medical and interventional 
therapies targeted to relieve symptoms and improve prognosis. 

Medical therapy

Medical therapy is the mainstay of treatment of patients with 
ischemic HF providing significant improvement in both survival and 
quality of life. It is a priority in the management of ischemic HF because it 
targets the disease itself and its fundamental pathophysiologic pathways 
[6]. The main classes of medicine include aspirins, statins, aldosterone 
inhibitors, beta-blockers, angiotensin-converting-enzyme inhibitors 
(ACEI) or angiotensin receptor blockers (ARBs) with different clinical 
benefits and outcomes [84,85]. Beta-blockers are recommended for 
the treatment and relief of angina in patients with CAD. Beta-blockers 
provide additional prognostic benefits in patients with ischemic HF 
and LV systolic dysfunction. The CIBIC-II [110] and MERIT-HF [111] 
trials recruiting 65% and 50% of patients with ischemic HF respectively 
reported bisoprolol and metoprolol therapies significantly improved 
survival. Therapy with ACEI (and/or with ARBs for those contra-
indicated or intolerant to ACEI) is also recommended for ischemic HF 
patients with CAD and LV systolic dysfunction to relieve symptoms 
and reduce deaths and hospital admissions [112]. Aldosterone therapy 

targets to block aldosterone receptors by spironolactone and in 
addition to standard ACEI/ARB and beta-blocker therapy, aldosterone 
therapy significantly reduces morbidity and mortality in MI patients 
complicated by LV systolic dysfunction and HF [113]. 

Interventional therapies

Interventional therapies are non-medical or surgical procedures 
aimed to relieve symptoms. The major interventional include coronary 
artery bypass graft surgery (CABG), sometimes combined with surgical 
ventricular reconstruction (SVR) or surgical mitral valve repair. 
Other recommended interventional therapies include implantable 
cardioverter-defibrillators, cardiac resynchronization therapy for 
those with left bundle branch block (LBBB), and orthotopic cardiac 
transplantation and ventricular assist devices for highly selected 
patients with advanced disease and less often percutaneous coronary 
intervention (PCI) [84,85].

Surgical revascularization: Hibernating myocardium with a 
potentially reversible contractile function upon myocardial reperfusion 
is a common manifestation of ischemic HF, thus the selection of CAD 
patients that would benefit from revascularization is important [6]. 
Three early observational studies conducted in the mid-1970s reported 
CABG had a 10 to > 50% reduction in mortality compared to medical 
therapy in CAD patients with LV systolic dysfunction [114-116]. 
However, the three studies were conducted before the development 
of beta-blockers and ACE-I/ARBs nor provided sufficient data for 
comparison of treatment efficacy with the current optimal medical 
therapy. The CASS study [81] was the first randomized clinical trial to 
investigate CABG vs. medical therapy on 780 patients with CAD and 
LV systolic dysfunction (ejection fraction < 50%). CABG has a better 
survival (79%) vs. medical (61%). However, CASS was done in the 1970s 
when more than half of the patients did not use beta-blockers and the 
study exclude patients with LV ejection fraction < 35% and New York 
Heart Association Functional Classes III and IV. Recently, the Surgical 
Treatment of Ischemic Heart failure (STICH) trial between 2002 and 
2007 recruiting 1,212 patients with LV ejection fraction < 35% and 
CAD, a dual therapy of CABG and medical had better 5-year survival 
(death from any cause) compared to medical therapy alone [117].

Percutaneous coronary intervention: The utility of PCI in CAD 
patients with reduced ejection fraction has limited research support. 
The Bypass Angioplasty Revascularization Investigation (BARI) [118] 
and Angina With Extremely Serious Operative Mortality Evaluation 
(AWESOME) [119] trials recruited CAD patients with LV dysfunction 
showed no difference in clinical outcomes between PCI and CABG. 
However, the two trials had a small patient population (< 500) and 
included a dual therapy of PCI and balloon angioplasty with stents. 
A recent observational registry based New York study [120] involving 
4,616 patients reported CABG and PCI had comparable long-term 
survival but PCI had a higher risk of MI and revascularization but with 
a lower risk of stroke. However, these findings should be interpreted 
with caution because of the population and device used (everolimus-
eluting stent).

Meta-analysis

Ischemic HF is potentially reversible condition upon coronary 
revascularization (perfusion). The main methods of coronary 
revascularization are CABG and PCI. While CABG has received 
strong research support, the support for effectiveness of PCI remains 
fragmented and inconclusive. The primary objective of this meta-
analysis is to compare published evidence on therapeutic efficacy 
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of CABG with PCI based on the occurrence of a composite of major 
cardiovascular events: death, MI, and repeat revascularization.

Search strategy and inclusion criteria: The search for pertinent 
studies examining revascularization using CABG or PCI on patients 
with ischemic HF was performed on electronic databases PubMed, 
U.S. National Institute of Health, Cochrane Central Register of 
Controlled Trials, proceedings of the AHA, ACC and ESC. The search 
terms used included coronary artery disease, coronary artery bypass 
graft, percutaneous coronary intervention, stents, and angioplasty. 
We completed the search for studies from reference list of included 
studies, pertinent reviews and previous meta-analyses [121-123]. The 
inclusion criteria were (a) prospective randomized controlled trials; (b) 
recruited patients with angina; (c) compared CABG with PCI coronary 
revascularization strategies; (d) followed patients in at least 12 months; 
and reported clinical endpoints – death, MI and revascularization 
or composite endpoints. Studies were excluded if (a) they recruited 
patients with onset of acute MI within 72 hours of initial enrollment; (b) 
they compared different types of non-stenting techniques; and (c) used 
different PCI types in the same arm; (d) had only abstracts available.

Data from the included studies were extracted directly into 
Microsoft Excel tables by two investigators. Any discrepancies were 
resolved by consensus. From each included article, we recorded data 
on publication (first author and year of publication), patient population 
(size, mean age and proportion of male patients), mean duration of 
follow up in years, and clinical endpoints in each arm of the study –
CABG and PCI – (composite endpoint, death, myocardial infarction, 
and repeat revascularization). Summary of the extracted data is 
provided in Table 4. We reported dichotomous variables as percentages, 
continuous variables as mean or media. We combined binary outcomes 
from each study with a random effect model to compute risk ratio 
(RR) with 95% confidence interval (CI). We calculated I2 as a measure 
of statistical heterogeneity 25%, 50% and 75% representing mild, 
moderate and severe inconsistencies.

Study characteristics and outcomes: After the screening of titles, 
abstract and full-text of the retrieved citation against the inclusion 
and exclusion criteria, fourteen (14) studies were included in the final 
analysis [117,118,124-135]. The included studies spanned a period 
of three decades, from 1993 to 2013. Table 4 shows the main study 
features, patient characteristics and outcomes. In total, the 14 studies 
enrolled 12,042 patients randomized into CABG (5983) and PCI 
(6,059). Overall, the mean age of the patients was 63 years with a greater 

male proportion (76%). The mean follow-up period was 2 years (range 
1.0 to 5.4 years). Compared to PCI, patients in the CABG group had 
lower deaths (374 [6%] vs. 433 [7%]), MI (514 [9%] vs. 621 [10%]) and 
repeat revascularization (414 [7%] vs. 1639 [27%]). The analysis finds 
that in 12 studies [117,118,124,125,127-135], patients in the CABG 
group that experience composite endpoint of major cardiovascular 
events (death, MI, revascularization and large ischemic defects) was 
lower (643 [11%]) than patients in the PCI group (847 [14%]). 

Pooling the data together, CABG had a 13% reduction in the odds 
of all-cause death (OR: 0.87, 95% CI: 0.749-1.003) but the reduction was 
not significant (p=0.055) (Figure 2); 20% reduction for MI (OR: 0.80, 
95% CI: 0.698-0.905, p=0.001) (Figure 3) and 81% reduction for repeat 
revascularization (OR: 0.19, 95% CI: 0.173-0.217, p=0.001) (Figure 4). 
For composite clinical endpoints of death, MI, repeat vascularization 
or large ischemic defects, CABG reduced the odds by 27% (OR: 0.73, 
95% CI: 0.653-0.821, p=0.001) (Figure 5). However, there was a high 
variability (inconsistency) of treatment effect across the studies (I2 = 
81.39%; 95% CI, 68.57 to 88.98). 

Discussion
The 2014 ESC and the European Association for Cardio-Thoracic 

Surgery (EACTS) guidelines on myocardial revascularization 
recommend PCI or CABG in patients with stable CAD and with persistent 
symptoms despite medical treatment to reduce ischemia and its adverse 
clinical manifestation [136]. However, the accuracy of CABG and PCI 
have not been systematically compared. The present meta-analysis 
pooled together results from 14 prospective RCTs comparing treatment 
efficacy of two common revascularization procedures (CABG and PCI) 
in 12,042 patients with stable chronic IHD and LV systolic dysfunction 
(LVEF < 40%). We calculated treatment-effect size models where the 
former is more appropriate in the case of wide variability across trials 
but may inflate the importance of small RCTs. The primary analysis 
focused on treatment effect on death, MI and repeat revascularization, 
or a composite of death, MI and revascularization in a mean follow-up 
period of two (2) years. CABG treatment showed superior treatment 
efficacy reducing the odds ratio by 13%, 20% and 27% of death, MI and 
repeat revascularization or 11% in the composite endpoint of death, 
MI or repeat vascularization. The studies had a high inconsistency (I2 = 
81.39%), which could be explained either by methodological quality of 
the inclusion criteria such as the lack of distinction between single and 
multi-vessel disease and wide variation in follow-up duration, or the 

First Author [Ref #] Year Age (yrs) Male (%) CABG 
(n) PCI (n) FuP (yrs.)

Composite Endpoint Death         (n) MI             (n) Revascularization 
(n)

CABG PCI CABG PCI CABG PCI CABG PCI
RITA Study [124] 1993 57 81 490 493 2.5 48 42 18 16 26 34 37 157
King et al. [125] 1994 62 74 194 198 3.0 53 57 12 14 38 29 25 81
CABRI Study [126] 1996 60 78 513 541 1.0 NA NA 14 21 18 27 33 182
Alderman et al. [117] 1996 62 73 914 915 5.4 98 125 98 125 179 195 73 586
Morrison  et al. [118] 2001 67 NR 232 222 3.0 49 44 49 44 90 115 NA NA
Rodriguez et al. [127] 2001 62 79 225 225 1.5 28 8 17 7 15 5 11 38
Serruys et al. [128] 2001 61 77 605 600 1.0 NA NA 17 15 22 28 21 101
SoS Investigators [129] 2002 61 79 500 488 2.0 30 102 8 22 49 46 30 101
Eefting et al. [130] 2003 60 71 142 138 1.0 12 20 4 0 7 6 6 21
Serruys et al.[131] 2009 65 78 897 903 1.0 65 68 30 39 28 43 50 120
Thiele et al. [132] 2009 66 70 65 65 3.6 5 1 0 0 5 1 NA NA
Boudriot et al [133] 2011 68 75 101 100 1.0 14 19 5 2 3 3 6 14
Park et al. [134] 2011 62 76 300 300 1.0 24 36 10 7 3 5 12 26
Mohr et al. [135] 2013 65 78 805 871 5.0 217 325 92 121 31 84 110 212

Table 4. Characteristics of studies included in this meta-analysis on revascularization
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Figure 2. Odds ratio for all-cause death between CABG and PCI

Figure 3. Odds ratio for MI between CABG and PCI

Figure 4. Odds ratio for repeat revascularization between CABG and PCI
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efficacy of CABG and PCI differ based on characteristics of the patient, 
technique or skill of the cardiologist.

Previous meta-analyses on revascularization therapy on patients 
with IHD and systolic distinction provide consistent or supporting 
findings [121-123]. Schomig et al. [121] compared PCI and medical 
therapy and found PCI improved long-term survival – reduced the 
odds of all-cause death by 20% (OR: 0.80; 95% CI, 0.64-0.99) but 
with a non-significant reduction in cardiac death (OR: 0.74, 95% CI: 
0.51-1.06). PCI also reduced non-fatal myocardial infarction by 10% 
(OR: 0.90, 95% CI: 0.66-1.23). Trikalinos et al. [122] pooled together 
61 studies (25 388 patients) on PCI therapy (balloon angioplasty, bare 
metal stents and drug eluting stents) and medical therapy for non-
acute IHD in the past twenty years. Different PCI techniques did not 
yield detectable improvement in deaths and MI while drug-eluting 
stents had a small reduction 0.04% in the risk of death and 27% in MI 
compared to medical therapy. Bucher et al. [123] analyzed six RCTs 
(953 patients) to compare PCI with medical therapy in non-acute IHD 
patients. PCI lead to a significant reduction in angina (10%) with non-
significant reduction in non-fatal MI and death. These previous meta-
analyses indicate revascularization had better treatment outcomes 
compared to medical therapy alone. Our analysis further suggests 
that, in revascularization strategies, CABG nay provide significantly 
better outcomes in reducing non-fatal MI and repeat revascularization 
compared to PCI in patients with ischemic HF. 

Conclusion
Ischemic heart failure (HF) remains relatively understudied despite 

over three decades of research because of definitional and terminology 
variance, as well as extensive focus on non-ischemic etiologies. It is 
a potentially reversible type of HF caused by an imbalance between 
myocardial oxygen demand and supply leading to the loss of 
ventricular systolic function. The imbalance leads to a hibernating or 
stunned myocardium with a potentially reversible contractile function 
after coronary revascularization. The cause of increased myocardial 
oxygen demand include increased heart rate, abnormal loading 
conditions and contractility, while that of decreased myocardial oxygen 
supply include flow-limiting obstruction in coronary vessels caused 
by stenosis, endothelial dysfunction, disorders of vascular smooth 
cells, atherothrombosis and vascular remodeling. The major IHF risk 
factors include ageing, male gender, family history, smoking, physical 
inactivity, obesity, diabetes and dyslipidemia. The common clinical 

manifestations are angina (chest pains) and arrhythmias. Diagnosis is 
based on imaging assessment of myocardial viability and coronary flow 
reserve after revascularization using SPECT, PET, dobutamine stress 
echocardiography and CMRI (dobutamine stress or LGE). Clinical 
management targets to relieve symptoms and improve quality of life 
using medical or revascularization (CABG or PCI) therapies, or a 
combination of both.
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