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Abstract

Ischemic heart disease is the leading cause of sudden cardiac death. It may lead to cardiomyopathy in the setting of coronary artery disease and gradually progressing to heart failure. While
ischemic cardiomyopathy is a well-recognized disease entity, the current classification systems of cardiomyopathy exclude cardiomyopathies secondary to ischemia. Further, research on
ischemic cardiomyopathy is extensively fragmented, which has undermined both research consensus and comprehensive understanding. The fragmentation is attributable to its variable
terminologies (ischemic heart disease or its three leading non-fatal sequela — angina pectoris, acute myocardial infarction and ischemic heart failure). Therefore, the purpose of the present

review is to accumulate research on ischemic cardiomyopathy to produce a comprehensive understanding of its clinical status, diagnosis, clinical management and improve survival.

Introduction

Ischemic cardiomyopathy (ICM) is an important etiology of heart
failure. Despite significant advances in clinical management, heart
failure due to ICM continues to have high mortality rates. With limited
availability of chronic treatment options such as heart transplantation,
accurate prognostication remains an important therapeutic goal,
especially in the understanding of the physiopathology of the left
ventricular (LV) remodeling in the early stages of ICM, which should
convey a protective effect against progressive development of heart
failure. This paper reviews scholarly and practitioner literature on
ICM, with a focus on description, global burden, clinical presentation,
prognosis, etiopathogenesis, diagnosis and clinical management [1-7].

Historical and clinical description
Clinical description

Clinical definition of ICM has been inconsistent. Early
definitions were pathologic-based, described as an anatomic cardiac
condition originating from sustained imbalance between cardiac
oxygen supply and demand resulting into myocyte loss, myocardial
scarring and ventricular failure [8]. Another early definition suggest
ICM is myocardial infarction, angina pectoris and abnormal
echocardiographic findings in response to standard exercise or death
due to arteriosclerotic heart disease or sudden death unexplained by
other demonstrable cardiac causes [9]. A recent clinical definition based
on LV dysfunction provided by the large-scale Surgical Treatment for
Ischemic Heart Failure (STICH) trial defines ICM as a severe reduction
of LV function < 35% [9,10] or < 50% [11] in the presence of severe
CAD. However, Felker et al. [7] developed the current widely accepted
standardized definition of ICM adopted by the Duke Databank and
widely used in clinical practice in the U.S, U.K and Europe. They based
the definition on prognostic evaluation of the association between the
degree of CAD and survival in 1,921 patients recruited between 1986
and 1999 presenting with symptomatic heart failure (HF) and ejection
fraction < 40%. They defined ICM as patients with:
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a) A history of myocardial infarction (MI) or revascularization by
coronary artery bypass grafting (CABG) or percutaneous coronary
intervention (PCI).

b) With > 75% stenosis of left main or proximal left anterior descending
coronary artery without a history of MI or prior revascularization

¢) With > 75% stenosis of > 2epicardial vessels

Based on the current definitions of ICM, the dominant
morphological characteristic are ventricular dilation and depressed
myocardial contractility, which mimics non-ischemic DCM. However,
ICM is a distinct clinical entity from DCM based on the observation
that its predominant etiology is abnormal loading conditions such as
hypertension, valvular disease or CAD in sufficient quantities to cause
global systolic dysfunction [12].

Global burden

The lack of dedicated population-based epidemiology studies on
ICM as a distinct clinical entity has undermined the precise knowledge
of its prevalence and incidence. However, due to different terminologies
and the exclusion of ICM in the current classification systems of
cardiomyopathies, most studies on incidence and prevalence of ICM
refer to the disorder as ischemic heart disease or its three leading non-
fatal sequela: angina pectoris (AP), acute myocardial infarction (AMI)
and ischemic heart failure (IHD) [13-16]. Further, a majority of studies
on ICM investigate its global burden defined as death from IHD and
years of living with disability due to non-fatal sequela (AP and AMI).
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The global incidence and prevalence of non-fatal sequela of ICM vary
based on the findings of the Global Burden of Disease 2010 Study
conducted between 1990 and 2010 [14] (Table 1).

The Global Burden of Disease 2010 Study [14] further reports the
average age of first incidence of AMI and AP ranges between >70 and
> 60 years in high incomes regions and < 65 and < 55 years in low
and middle-income regions (South Asia, North Africa/Middle East,
and the sub-Saharan Africa). Between 1990 and 2010, years lived
with ICM-related disability increased by 15% to 33% in high-income
regions and 13% to 100% in low and middle-income regions [14].
The findings suggest that the incidence and prevalence of ICM varies
globally based on regions, socio-economic conditions and the extent of
the development in healthcare system.

Causes and risk factors

The principal cause of ICM is coronary artery disease or heart
attack. Coronary artery disease narrows coronary luminal size
restricting coronary perfusion relative to myocardial demand for
oxygenated blood [8]. Several risk factors have been proposed
predisposing individual to the development of coronary artery disease
and subsequently ICM.

Risk factors

It is axiomatic in the effective control of ICM that the initial step
is risk stratification for the identification of individuals at low and high
risk of developing the cardiac condition. The clinical objective is to
identify characteristics of the two groups (low- and high-risk) to inform
prompt institution of the most appropriate available prophylactic,
palliative, therapeutic or curative clinical interventions [17,18]. Risk
factors for the development of ICM also includes those supporting
the development of coronary atherosclerosis, which is the principal
etiopathogenic substrate of ICM [18]. Thus, ICM shares the same risk
factors as coronary artery disease, which include diabetes, hypertension,
smoking, poor nutrition, sedentarism, obesity, dyslipidemia, male
gender, advancing age and family history of THD [17,18,19].

Major longitudinal studies on risk factors

Two early longitudinal studies - the Cardiovascular Health
Center (CVHC) at Albany and the Public Health Service Project at
Framingham Mass report that environmental factors such as poor
nutrition, the lack of physical exercise (sedentary lifestyle), chronic
use of tobacco and obesity are independent risk factors for developing
ICM. Other common risk factors are biological such as old age, the
male gender, serum lipids (especially cholesterol) and obesity [17].
The Caerphilly and Speedwell Collaborative Heart-Disease studies
recruiting a cohort of 4,860 middle-aged men between 1979 and 1983
find smoking is an independent risk factor for the development of ICM
but mediated by hemostatic or rheological factors such as fibrinogen,
viscosity, and white blood cell count [18,19].

Table 1. Global Incidence and Life with Disability of ICM Non-Fatal Sequela [14]

Disorder: ICM Non-Fatal Sequela 1990 2010
Males | Females| Male @ Females
Acute Myocardial Infarction (Incidence/100,000) | 222.7 136.3 195.3 115.0
Angina Pectoris (Prevalence/100,000) 21.9 17.7 20.3 15.9
Ischemic Heart Failure (Prevalence/100,000) 2.4 1.9 2.7 1.9

Adapted from Global Burden of Disease 2010 Study 1990-2010 [14]
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Clinical symptoms and presentation

Signs and Symptoms: Ischemic cardiomyopathy is an important
cause of heart failure in middle-aged and geriatric populations.
Thus, important clinical signs of ICM is a history of heart attack and
angina pectoris. Patients may also present with symptoms of heart
failure, which usually progress very slowly over a long period [20].
The most frequently encountered clinical symptoms of ICM include
exertional dyspnea (shortness of breath when under intense physical
activity), peripheral edema, fatigue and tiredness, persistent coughing,
pulmonary congestion, palpitations or fluttering due to arrhythmias,
dizziness, weight gain and loss of appetite [20,21]. These clinical signs
and symptoms should prompt for further diagnostic evaluation for
ICM or any other suspected etiology for heart failure.

Clinical presentation

Clinical presentation of ICM usually range from stable chronic
angina to sudden cardiac death [22]. The clinical spectrum includes
three leading sequelae of ICM: angina pectoris, acute myocardial
infarction with or without ST segment elevation and unstable angina
usually catalogued as acute coronary syndrome and ischemic heart
failure all occurring secondary to myocardial ischemia (an imbalance
between perfusion and cardiac demand for oxygenated blood) [22,23].
In a greater majority of cases (90%), myocardial ischemia results from
the obstruction of coronary circulation by atherosclerotic plaque and
thus ICM may also be referred to as coronary heart disease or coronary
artery disease [9,10,11,24]. Mostly, ICM has a slow progression from
asymptomatic coronary atherosclerotic obstruction, which may last
for decades. Clinical presentation of ICM may be classified into four
sequela (acute coronary syndromes).

Angina pectoris

Angina pectoris (AP) defined as chest pain due to myocardial
ischemia, presents as a tight, squeezing pain, like a weight on the chest
and accounts for up to 50% of clinical diagnosis of ICM [25]. Chest
pain may also be due to non-cardiac conditions or sources such as
muscoloskeletal or gastroesophageal disorders, which presents with
distinct description, site of pain and precipitants of pain. Angina
pectoris (cardiac pain) has distinguishable characteristics from non-
cardiac chest pain [25] (Table 2).

Angina pectoris has the clinical characteristics of paroxysmal
and recurrent attacks of substernal or precordial chest discomfort
secondary to transient (15 seconds to 15 minutes) myocardial ischemia
that is insufficient to lead to myocyte necrosis that defines myocardial
infarction. Angina pectoris has three overlapping patterns in ICM:
(a) stable or typical angina pectoris; (b) variant or Prinzmetal angina;
(c) unstable or crescendo angina. These patterns are due to elevated
myocardial demand and/or reduced myocardial perfusion secondary
to fixed or disrupted atherosclerotic plaques, vasospasm, thrombosis
or embolization [25] (Table 3).

Myocardial infarction

Myocardial infarction, also known as heart attack, and defined
as myocardial death due to ischemia, is the most deleterious clinical
presentation of ICM and a leading case of ICM-related death in
industrialized nations [26]. Approximately 50-70% of ICM patients,
acute MI is the initial clinical manifestation [25]. Myocardial infarction
may clinically present as transmural or sub-endocardial. Transmural
MI is the most common, marked with ischemic myocyte necrosis of
nearly or entirely the thickness of ventricular wall in a single coronary
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Table 2. Differences between Angina Pectoris and Non-Cardiac Chest Pain [25]

Angina Pectoris Extra-cardiac Pain (Muscoloskeletal

Description (Cardiac Pain) or Gastro-esophageal
Description of Pain Heavy, tight, pressure, dull, Sharp, stabbing, shooting or needle
band or squeezing like

Central anterior Left sub-mammary

Site of Pain Left arm, right arm, teeth,

inter-scapular or epigastric Right sub-mammary
Exercise or emotion Stress

Cold Locally tender

Body posture (sitting/standing), arm
movements or odynophagia (pain
due to neck swallowing).

Precipitants of Pain
Post-prandial

Table 3. Three Patterns of Angina Pectoris and their Clinical Description [25]

Anginal Pattern Clinical Description of Angina Pectoris (AP) Pattern

It is the most common AP pattern caused by restricted coronary
perfusion resulting from coronary atherosclerosis, which
predisposes the heart to increased ischemia when there is increase
demand for oxygenated demand during precipitation factors

such as exertion, emotional excitement or extreme temperatures
that increases cardiac workload. Stable AP is relieved by rest

or sublingual nitrates (such as nitroglycerin), which is a strong
vasodilator of peripheral vasculature.

Stable/Typical

An uncommon pattern of episodic AP occurring at rest usually
resulting from coronary artery spasm. The pattern is characterized
by electrocardiogram (ECG) elevated ST segment indicating
transmural ischemia. Individuals have significant coronary
atherosclerosis but anginal attacks are unrelated with exertion,
heart rate or blood pressure. This AP pattern does respond to
vasodilators (nitroglycerin) and calcium channel blockers.

Variant/Prinzmetal

AP pattern occurring with progressively increasing frequency of
pain with progressively less effort, often occurring at rest with
more prolonged duration. It is due to atherosclerosis with mural
thrombosis and embolization, vasospasm or both. Although
ischemia related to unstable AP is close to induce clinically
demonstrable infarction, it is a prodrome to acute myocardial
infarction and at times known as pre-infarction angina lying
between stable angina and myocardial infarction.

Unstable/Crescendo

artery. It is associated with atherosclerotic plaque, acute plaque change
or superimposed thrombosis. Contrastingly, sub-endocardial MI
constitutes myocyte necrosis of one third to one-half of the ventricular
wall but may extend beyond the perfusion of a single coronary artery.
It results from plaque disruption followed by thrombosis prior to
myocyte necrosis extending to the thickness of the ventricular wall or
from prolonged and severe reduction of systemic blood pressure [25].

Ischemic heart failure

Chronic ischemic heart failure defines a cardiac syndrome
developing due to progressive heart disease in the setting of ischemic
myocardial damage. Patients diagnosed with ischemic heart failure
usually have prior myocardial infarction and coronary artery bypass
graft (CABG) surgery or other therapeutic interventions [27]. Ischemic
heart failure presents with post-infarction cardiac decompensation
resulting from the exhaustion of compensatory hypertrophy of non-
infarcted myocardium, which is also at risk of ischemic injury. In some
cases, patients with ischemic heart failure may present with severe
coronary artery disease in the absence of acute or healed infarction but
in the presence of diffuse myocardial dysfunction [26].

Although diagnosis is based largely on insidious onset of congestive
heart failure in patients with previous episodes of myocardial
infarction or angina. In some patients, progressive myocardial
damage may be asymptomatic and heart failure is often always the
first clinical manifestation of ischemic heart disease, and diagnosis is
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usually by exclusion of other etiologies of cardiac causes [22]. Clinical
manifestations of ischemic heart failure include cardiomegaly, described
as enlarged and heavy heart due to left ventricular hypertrophy and
dilation. Patients present with moderate to severe coronary artery
atherosclerosis or complete blockage with discrete gray scars indicating
healing infarcts [26].

Sudden cardiac death

Sudden cardiac death (SCD) defined as unexpected death due
to cardiac causes within an hour after the onset of symptoms (or in
the absence of symptoms) may occur as the first and only clinical
manifestation of ischemic cardiomyopathy [28]. It occurs secondary
to myocardial infarction and/or ventricular arrhythmias [29]. The
lack of premonitory symptoms for SCD undermines effective clinical
management for ICM patients and underscores the need for a
population-based primary prevention approach. Population-based
markers such as a family history of SCD is important as is the exclusion
of other causes such as cardiomyopathies, long QT syndromes or
cerebrovascular aneurysms and malformations [28].

Prognosis

Clinical importance

Heart failure is one of the most devastating clinical outcomes for
ICM patients. Heart transplantation remains the mainstay chronic
treatment conveying protective effect against cardiac death and
improving survival rates in end stage ICM. Thus, predicting prognostic
factors is important to elect patients for heart transplantation because
of its limited availability [7]. The etiology of LV dysfunction is an
important prognostic factor for the development of heart failure
or the efficacy of treatment. This is evident in an increase in studies
demonstrating a shift from hypertension and valvular disease to
ischemia as the most important cause of heart failure in the U.S. in
the past few decades [30]. Heart failure secondary to ischemic heart
disease has an independent effect on long-term unfavorable prognosis
for patients with severe LV dysfunction [31-34]. Knowledge of the
etiology of heart failure is also significant in the decision to consider
revascularization and understand the effect of pharmacological
therapy for patients with ischemic heart disease. It may also provide
valuable information in the differential diagnosis of ischemic and non-
ischemic heart diseases demonstrated to have different pathological
mechanisms for sudden cardiac death in the Assessment of Treatment
with Lisinopril And Survival (ATLAS) trial [35].

Historical context

Ischemic cardiomyopathy (ICM) is a relatively recent classification
of cardiomyopathy. Since the initial description of cardiomyopathy
in 1957 by Brigden [1], classification systems have excluded
cardiomyopathies secondary to cardiac ischemia as a distinct form of
cardiomyopathy. The initial classification system by the World Health
Organization (WHO) and the International Society and Federation
of Cardiology (ISFC) task force in 1981 only identified and listed
three clinically distinct phenotypes of cardiomyopathies: dilated
cardiomyopathy (DCM), hypertrophic cardiomyopathy (HCM)
and restrictive cardiomyopathy (RCM) [2]. In the subsequent 1996
WHO/ISFC revision, the task force added arrhythmogenic right
ventricular dysplasia (ARVD) as the fourth clinically distinct form of
cardiomyopathy [3].

Despite the exclusion, the initial clinical mention of ischemic
cardiomyopathy dates back to 1969, described by Raftery and associates
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[4] as global left ventricular (LV) dysfunction in the setting of coronary
artery disease (CAD). The study reported a causal relationship between
CAD and congestive cardiomyopathy [5]. A year later in 1970, Burch
and associates [6] originated and popularized the term “ischemic
cardiomyopathy”. The term was meant to propose an alternative
etiology-based classification system to the current descriptive one to
help distinguish between ischemic and non-ischemic cardiomyopathies
that have clinically distinct prognosis. They associated ischemic heart
failure with a shorter survival rate compared to heart failure due to non-
ischemic cardiomyopathies [6]. Three decades later in 2002, the Duke
Databank validated the term ischemic cardiomyopathy by developing
a standardized clinicopathologic definition [7].

Prognostic factors

Chronic ischemic cardiomyopathy has poor prognosis with
significant morbidity, reported at 19% in patients having a moderately
to severely decreased systolic-function (ejection fraction < 35%) within
22-months follow up [36]. The age of the patient, capacity to exercise
and the presence of comorbidities frequently predict survival rates.
However, the most important prognostic factors in ICM patients
usually determined using gated Single-Photon Emission Computed
Tomography (SPECT) are the degree of myocardial ischemic
damage, myocardial viability and left ventricular remodeling [37,38].
Contractile dysfunction resulting from myocyte necrosis also known
as viable myocardium may also indicate worsening prognosis. Viable
myocardium is defined as a living myocardium characterized by
severe abnormal contractility indicating myocardial stunning due to
transitory ischemic episode/reperfusion with spontaneous reversal or
myocardial hibernation occurring in the context of chronic ischemic
disease requiring revascularization to recover LV function [38].

Etiopathogenesis

The principal etiopathogenic mechanism for the development
of ICM is an imbalance between coronary perfusion and myocardial
demand for oxygenated blood. The imbalance results from a complex
and dynamic interaction between stenosing atherosclerotic plaque
narrowing epicardial coronary arteries, intraluminal thrombosis due
to lysing atherosclerotic plaque, platelet aggregation and vasospasm
[8]. Acute changes in atherosclerotic plaque, inflammation, coronary
thrombus and vasoconstriction all play important roles in the
pathophysiology of atherosclerotic plaque as discussed below.

Role of acute plaque change

Abrupt changes in coronary atherosclerotic plaques followed by
thrombosis have been associated with myocardial ischemia, unstable
angina, acute myocardial infarction and sudden cardiac death in patients
with ICM [39]. These pathological changes, known as acute coronary
syndromes, results from disruption of stenosing atherosclerotic plaque
with one of the following characteristics.

a) Lysing exposing thrombogenic plaque constituents;

b) Ulceration exposing thrombogenic sub-endothelial basement
membrane to blood; and

¢) Hemorrhage into atheroma expanding its volume [40].

The progression of coronary atherosclerosis lysing, starting from
fixed chronic atherosclerotic plaque causing angina progressing
into plaque disruption and platelet aggregation and ultimately acute
coronary syndrome (Figure 1).
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The events triggering acute changes in plaque are incompletely
understood but it is proposed that intrinsic factors such as plaque
structure and composition, and extrinsic factors such as blood pressure
and reactivity of plaque play a significant role [38,39].

Role of inflammation

Inflammation plays significant pathologic roles in all stages of
pathogenesis of atherosclerosis, beginning right at its initiation to the
development of associated complications [38]. The onset of coronary
lesion occurs within the context of the interaction between endothelial
cells and circulating leukocytes, which precede deposition of T cells and
macrophages on the wall of coronary artery. Secretion of chemokines by
endothelial cells and their increased expression of adhesion proteins (in
the endothelial cells) lead to the entry of leukocytes into coronary artery
wall. T cells on the coronary artery wall release cytokines stimulating
endothelial cells and activate macrophages loaded with oxidized LDL.
As atherosclerosis progresses, destabilization and lysing of plaque
involves macrophages producing the enzyme metalloproteinase, which
destabilizes the plaque by digesting collagen at the fibrous cap or at
the shoulder of the lesion [40]. Due to the importance of inflammation
in atherosclerosis, several of the involved inflammatory proteins
especially hepatic C-reactive protein served as important risk markers
for atherosclerosis and coronary heart disease. These proteins could
also serves as predictors of the risk of MI in patients with angina and
the risk of recurrence of MI in surviving patients [38,39].

Role of coronary thrombus

As illustrated in Figure 1, mural or occlusive thrombosis associated
with disrupted atherosclerotic plaque is critical to the pathogenesis of
acute coronary syndrome. In acute transmural myocardial infarction,
thrombus that is superimposed on disrupted partial stenosing
atherosclerosis may convert into total occlusion of coronary artery.
On the other hand, unstable angina, acute sub-endocardial infarction
or SCD have mural thrombus (incomplete obstruction of the lumen
by thrombosis), which may reduce with time [40]. Autopsy findings
reveal thrombotic constituents in distal intramyocardial circulation or
micro-infarcts in patients who had unstable angina or SCD to suggest
that mural thrombus may embolize in a coronary artery. Thrombus
may also act as activator of multiple growth-related signals in smooth
muscle cells thus contributing to the development of atherosclerotic
plaque [8].

Role of vascular remodeling

Vascular remodeling is the relationship between changes in the
volume of coronary atheroma, coronary artery lumen size and the
external vessel size. It is critical to the pathophysiology of ICM since it
determines the cross-sectional area available for coronary circulation
[41-43]. Coronary lumen size depends on atheroma volume (plaque
deposition). Plaque deposition occurs mainly within the coronary
vascular wall with positive vascular remodeling (compensatory
enlargement of outer elastic membrane) to maintain the lumen size
[43,44]. Compensatory enlargement is more frequent and in greater
extent in patients with acute coronary syndrome (ACS) than in those
with chronic coronary syndrome (CCS), whose central feature is the
loss of compensatory enlargement [45]. Vulnerable plaque is a more
critical pathophysiologic factor in ACS while the extent of stenosis is a
more critical factor in CCS.

When the compensatory process is exhausted, plaque deposition
begins to compromise luminal size decreasing the cross-sectional area
available for coronary circulation, a process referred to as negative
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Figure 1. Lysing of Atherosclerotic Plaque in Ischemic Heart Disease [40]

Progression of coronary atherosclerosis lysing, from atherosclerotic plaque (fived coronary obstruction (typical angina), platelet aggregation and distribution to mural thrombus or occlusive

thrombus (acute coronary syndrome).

remodeling or loss of compensatory enlargement [40]. The progression
of negative remodeling increases the ceiling for coronary perfusion
to respond to increased myocardial oxygen demand. Ultimately,
increased in plaque deposition and/or negative remodeling narrows
coronary luminal size. Narrowing of about 70% restricts ceiling for
increased coronary perfusion relative to increased myocardial oxygen
demand leading to ischemia [45,46].

Diagnosis

Since the primary etiology of ICM is coronary artery disease (CAD)
[6,47,48], the basis of diagnosis is usually the detection of coronary
stenosis and potentially reversible or hibernating myocardium defined
as an improvement in cardiac contraction after revascularization [46].
Diagnosis work-up of ICM consists of clinical evaluation of patients
with chest pains and non-invasive diagnostic tests [49].

Clinical evaluation

Clinical evaluation of patients with chest pains (Angina)

The 2012 American College of Cardiology Foundation (ACCF)/
American Heart Association (AHA) Task Force on practice guidelines
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recommends the initial diagnosis of ICM is clinical evaluation of
patients presenting with chest pain (angina) [50]. However, angina is
not conclusive since it is also present in about 30% of patients with
non-ischemic cardiomyopathy [48]. Patients with chest pains should
undergo history and physical examination to evaluate the possibility
of ICM or to recommend additional tests. Patients with acute angina
should undergo risk stratification and categorization as stable or
unstable [50]. Clinical evaluation should consider accompanying signs
and symptoms, history, and risk markers to strengthen suspicion for
ICM [25].

Physical examination

Physical examination is usually non-specific for angina but useful
for detecting evidence of alternative diagnosis such as heart failure,
valvular heart disease, musculoskeletal disorders or hypertrophic
cardiomyopathy [51]. Indirect evidence such as severe hyperlipidemia
suggests CAD or third heart sound and dependent edema suggests
impaired LV function [25]. Elevated blood pressure, xanthomas and
retinal residues suggest the presence of ICM risk factors while pain due
pressure on the chest wall suggests musculoskeletal causes bur does not
exclude the possibility of ICM-associated angina [49].
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Resting electrocardiogram

A resting electrocardiogram (ECG) is usually recommended for
patients without any clinically demonstrable non-cardiac cause of
chest pain [50]. Resting ECG reveals abnormalities suggesting poor
prognosis in ICM patients compared to those with normal ECG [52-
54]. Pathological Q-waves suggesting evidence of prior myocardial
infarction [55], persistent ST-T waves inversion, left bundle branch
block (LBBB), second or third degree atrioventricular block or left
ventricular hypertrophy [56-59].

Chest X-ray

Chest X-ray is of limited use in the diagnostic work-up of ICM.
However, it is useful in providing evidence of alternative pulmonary
explanations to signs and symptoms of ICM [49]. It may provide
indirect evidence of heart failure. Increased cardiothoracic ratio and
pulmonary venous congestion is indicative of heart failure. Although
nor reliable, aortic contour may suggest aortic dissection or thoracic
aortic aneurysm. Other clues suggesting causes of chest pain may
include pleural shadowing, radiographic features of pulmonary
hypertension, masses in lungs and fluid level of hiatus hernia [25].

Blood tests

Blood tests are useful for revealing risk factors for CAD. Full blood
count detects anemia (a risk factor), thyroid function tests detects
thyrotoxicosis (angina) or hypothyroidism (hyperlipidemia and CAD)
and urea and electrolytes to evaluate renal function. High cholesterol
levels or impaired glucose tolerance suggest further tests for CAD [25].

Non-invasive tests
Exercise test

Exercise test is a common non-invasive method used to assess a
patient’s overall exercise capacity, exertional symptoms, heart rate
and blood pressure response to exercise [25]. It is useful for detecting
inducible ischemia by increasing myocardial oxygen demand. The
test provokes cardiac ischemia by increasing myocardial activity and

A

oxygen demand. Exercise tests adopts the principles proposed in the
ischemia cascade (Figure 2).

The cascade suggests increasing severity and duration of ischemia
induces sequential changes in coronary perfusion, relaxation/
contraction, wall motion, repolarization and ultimately symptoms
detectable by cardiac testing modalities [60]. However, the production
of ischemia depends extent of the exercise and flow disturbance
(coronary stenosis <70% may not be detectable by exercise testing) [50].

Myocardial perfusion imaging

Myocardial Perfusion Imaging (MPI) visualizes coronary
perfusion revealing myocardial areas with inadequate perfusion. Two
extensively validated techniques are single photon emission computed
tomography (SPECT) and positron emission tomography (PET).
Reversible perfusion deficits indicate ischemia while fixed perfusion
deficits indicate infarction or attenuation by underlying myocardial
tissue [25]. Novel cardiovascular imaging modalities may allow
for detecting myocardial viability, beneficial for planning for
vascularization [61].

Coronary calcification score

Coronary calcification is a risk factor for CAD and a poor prognostic
marker. Fast electron-beam computed tomography (CT) scanning
allows for non-invasive quantification of coronary calcification. It has
better accuracy compared to the older technique of fluoroscopy for
detecting coronary calcification [25].

Stress echocardiography

Same to exercise testing, stress echocardiography is a non-invasive
test for detecting inducible ischemia based on the principles of ischemia
cascade (Figure 2) [60]. Stress Echo visualizes changes in regional wall
motion and overall left ventricular function under stressful conditions
such as exercise or pharmacological stress. The modality is also able
to visualize dynamic LV outflow tract gradient in HCM and ischemic
papillary muscle dysfunction underlying mitral regurgitation [25].
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Cardiac magnetic resonance imaging

Cardiac Magnetic Resonance Imaging (CMRI) is a non-invasive
imaging modality for detecting coronary stenosis as well as providing
prognostic information [25,62]. It is useful for visualizing the extent
and severity of CAD in patients having clinical symptoms and results
of non-invasive testing (excluding stress testing) to detect ICM [61].
CMRI can evaluate acute and chronic CAD. Because of its high spatial
resolution, it is considered a reference standard for the assessment
of global and regional myocardial dysfunction and quantification of
myocardial infarction [22]. Although coronary angiography remains
the mainstay method of assessment of the severity of CAD, its main
limitation is its reliance on comparison to adjacent non-diseased
reference segments to assess degree of stenosis and thus the lack of a
normal reference segment in difftuse CAD may lead to underestimation
or significant inter-observer variability [63-66]. In addition to
detecting CAD, Cardiac MRI has been shown to have high specificity

Table 4. Summary of Studies on Diagnosis of Ischemic Cardiomyopathy

and sensitivity in visualizing and distinguishing viable from non-viable
myocardium.

Meta-analysis of cmri assessment of myocardial viability

The search for studies on cardiac magnetic resonance imaging
(CMRYI) as a diagnosis method for ICM included online databases and
Google Scholar with MeSH terms and key words including cardiac
magnetic resonance imaging, ischemic cardiomyopathy, ischemic heart
disease, coronary artery disease with LV dysfunction and myocardial
viability. The search was limited to published studies systematically
evaluating patients; thus, excluding case reports and studies that
assessed a few patients. Citation tracking in review studies was done
to discover additional studies that were not included in the results of
online search. Data abstracted included first author and year, study
size (sample), mean age in years, modality, gender (male %), number of
segments, sensitivity, specificity and conclusion (Table 4).

1st Author [Ref. #] | Year Study Size Mean Age Modality Male (%) Segments Sensitivity (%)  Specificity (%) Conclusion
Preserved end-diastolic wall
thickness and a Dobutamine-
Baer et al. [67] 1995 35 59 FD.G.- PET/ DS CMR 100 2200 88 87 inducible contraction reserve
Phillips 1.5T . e .
improve MRI sensitivity in detecting
viable myocardium
Lauerma et al Dobutamine MRI has high
68] ’ 2000 10 69 DS CMR, Siemens 1.5T |80 -- 79 93 specificity in detecting unviable
myocardium.
- MRI hyper-enhancement detects
Klein et al. [69] 2002 31 59 I;F;;/ LGE-MRI Phillips ¢, 1023 86 94 location and extent of non-viable
’ myocardium
LGE-MRI distinguishes normal
Perin et al. [70] 2002 15 62 LGE-MRYI, Phillips 1.5T |67 275 93 88 myocardium from sub-endocardial
and transmural infarcts
. LGE-MRI has a close agreement in
Hunold et al. [71] 2002 29 -- I;?,ll? -MRI, Siemens -- 1753 84 76 detecting transmural scars compared
) to PET
LGE-MRI allows assessment of
Wang et al. [72] 2006 20 -- LGE-MRI. SPECT -- 221 92 93 myocardial viability in chronic
ischemic heart disease
LGE-MRI/ Doppler LGE-MRI can detected location and
Zhang et al. [73] 2005 47 60 Echo SRI 76 % ol % extent of transmural scar after MI
Dobutamine MRI has superior
Motoyasu et al. Dobutamine Cine MRI, detection of myocardial viability
[74] 2003 23 63 Philips 1.5T 87 1380 8 80 than LGE-MRI (sensitivity 83,
specificity 71%)
DSE and DS SPECT (Sensitivity
. o s o
Yoshinaga et al. 2001 23 67 DSE/ DS SPECT, 76 204 73 o4 76 /o,A specificity 100%) corrclach
[75] Siemens 1.5T well in assessment of myocardia
viability.
DS-MRI has is a promising modality
Bree et al. [76] 2006 14 61 DS-MRI, Siemens 1.5T |- 84 91 78 for discriminating viable/non-viable
myocardium
. Cine CMRI is a promising modality
g‘;‘]‘dley etal. 1999 153 - g“:eglMRI’ 15T 56 - 83 83 to diagnose inducible ischemic for
Y patients contradicted for stress Echo.
- DS-MTT achieves higher diagnostic
Nagel et al. [78] 1999 208 60 DS-MRI, Philips 1.5T |71 - 86 86 accuracy compared to DS-Echo
. CMRI detected significant coronary
Schwittereral. 1, 48 61 CMRUPET, 1.5T 71 - 91 94 stenosis and compromised
[79] System .
myocardium.
- CMRI has a high diagnostic
Nagel e al. [80] 2003 90 64 CMRI Philips 1.5T 81 - 88 90 accuracy for CAD
Abdelrahman et CMRYI, Philips 3T/ 3T CMRI is detects more segments
al. [81] 2016 33 34 SPECT 0 88 - - non-viable that SPECT.
Multidetector CT has high
Nishida ez al. [82] 2005 83 68 Multi-detector CT 66 -- 65 63 specificity and negative predictive
value for CAC

CMRI: Cardiac Magnetic Resonance Imaging; SRI: Strain Rate Imaging; DSE: Dobutamine Stress Echo; DS: Dobutamine Stress; CAC: Coronary Artery Calcification
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Study characteristics

Sixteen (16) studies published between 1995 and 2016 met the
inclusion criteria and were included in this meta-analysis [67-82]. The
total study sample was 862 patients diagnosed with ICM (Mean = 62
years; male 70%) generating a total of 7,417 myocardial segments that
were assessed. The studies demonstrate the current ICM diagnostic
methods have a high specificity (Mean = 86%) and sensitivity (Mean =
86%). Most of the studies assessed more than one diagnostic modality
but the most common was myocardial perfusion - SPECT or PET -
assessed by nine (56%) of the studies [67,69-73,75,79,81] followed by
late gadolinium enhancement (LGE) cardiac MRI (LGE-MRI) assessed
by 31% of the studies [69-73]. Two studies, 12% examined multi-
detector CT [82] and the other assessed Doppler echocardiography
[73]. Pharmacologic stress testing in CMRI using Dobutamine was
common in 38% of the studies [67,68,74,75,76,78]. All CMRI studies
used 1.5T Philips or Siemens except one [81] that used Philips 3T.

Study outcomes

Imaging modalities, CMRI in specific, have an important clinical use
in the diagnosis of ICM. Compared to myocardial perfusion considered
the gold standard in the detection of hibernating myocardium, CMRI
has been shown to have a high diagnostic accuracy in visualizing
significant coronary stenosis and viable and non-viable myocardium
[78-80]. CMRI using 3T is able to detect more non-viable segments
comrade to SPECT [81]. Using LGE, CMRI is able to detect the location
and extent of transmural scars, and distinguish normal myocardium
from sub-endocardial and transmural infarcts [69,70,72,73] with
close agreement to PET [71]. Dobutamine (a pharmacologic stressor
inducing ischemia) improves CMRI sensitivity in detecting viable
myocardium [67] correlating with that of DS SPECT [75] and higher
diagnostic accuracy compared to DS-echocardiography [77,78].
Dobutamine also improves CMRI detection and discrimination of
viable from non-viable myocardium [76]. Multi-detector CT has also
been shown to have a high specificity and negative predictive value
for coronary artery calcification important in the quantification of
coronary artery plaque [82].

Discussion

The 2012 ACCF/AHA practice guidelines recommend the diagnosis
of ICM should involve multiple tests, both clinical examination and
non-invasive imaging [50]. However, since the primary etiology of ICM
is coronary artery disease, the cornerstone of diagnosis is the detection
of coronary stenosis complemented by the detection of hibernating
myocardium, defined as the improvement of cardiac contraction
after revascularization [48]. Non-invasive imaging modalities thus
are the mainstay of the diagnosis of ICM used for characterizing LV
dysfunction as well as quantifying coronary stenosis as the candidate
etiology [49]. Consistent with these reports, the present findings
demonstrate that non-invasive imaging methods - echocardiography,
cardiac MRI and cardiac CT - have a high mean diagnostic specificity
and sensitivity each of 86% in the detection of ICM. The most common
imaging modality was SPECT/PET echocardiography assessed by 56%
of the included studies, which has been considered the gold standard
in the detection of hibernating myocardium [67,69-73,75,79,81]. The
clinical value of myocardial perfusion imaging (SPECT or PET) have
been supported by the 2014 ACC/AHA/AATS/PCNA/SCAI/STS
focused update of the guideline for the diagnosis and management
of patients with stable ischemic heart disease. The guidelines report
myocardial perfusion imaging is able to visualize coronary perfusion
revealing myocardial areas with inadequate perfusion [61].
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Besides SPECT/PET, cardiac MRI specifically late gadolinium
enhancement (LGE-MRI) is another frequently used imaging modality
for the diagnosis of ICM assessed by 31% of the included studies.
LGE-MRI demonstrates a high diagnostic accuracy in the detection of
significant coronary stenosis as well as both normal and hibernating
myocardium comparable to SPECT [78-80]. Its high spatial resolution
makes cardiac MRI a gold standard in the assessment of both global
and regional myocardial dysfunction [22]. Cardiac MRI is also able
to assess both acute and chronic coronary artery disease. When using
Dobutamine, LGE-MRI is able to detect the location and extent of
transmural scars and distinguish healthy myocardium from sub-
endocardial and transmural infarcts. Whereas cardiac CT is of limited
value to the diagnosis of ICM used by 12% of the included studies,
it is clinically valuable because of its high negative predictive value
for the detection of coronary artery calcification and thus essential
in the quantification of coronary artery plaque [82]. Consistent
with this finding, Davies [25] reports that fast electron-bean cardiac
CT is important in the diagnosis of ICM by quantifying coronary
calcification, which is both an important risk factor and a predictor of
an ominous prognosis.

In summary, the diagnosis of ICM primarily depends on the
quantification of coronary artery and the detection of hibernating
myocardium. Non-invasive imaging, especially myocardial perfusion
imaging modalities (SPECT/PET), is the most common imaging
modality for detection of hibernating myocardium by defining
coronary perfusion and subsequent detection of myocardium regions
with in adequate perfusion. Cardiac MRI is also useful for detection
of the location and extent of coronary stenosis as well as viable
(healthy) and non-viable myocardium. Cardiac CT on the other hand
is important in quantification of coronary calcification, which is an
important pathophysiologic feature of developing ICM.

Clinical management

Clinical management of ICM is similar to that of non-ischemic
cardiomyopathy. The main management approaches are lifestyle
changes, medication and device-related therapies, and others such
as revascularization and novel therapies under investigation such as
autologous myoblast transplantation.

Lifestyle changes

Long-term lifestyle changes (habits) are usually recommended to
manage CAD and lower the risk of complications. Important lifestyle
changes include a healthy diet that is low on saturated fats, cholesterol
and sodium. Other recommended changes are avoiding sedentary
lifestyle, quitting smoking, and limiting or quitting alcohol [20].

Medication therapy

The ACCF/AHA task force on practice guidelines recommend
medical therapy for heart failure in the setting of systolic dysfunction.
Unless a contraindication is present, the ACCF/AHA guidelines
recommend administration of Angiotensin Converting Enzyme
(ACE) Inhibitor and/or beta-blocker to all patients to slow down the
progression of heart failure and improve survival [83]. The effect ofa dual
therapy of ACE-inhibitors and beta-blocker is additive. Angiotensin
II receptor blockers (ARBs) could be given as an alternative to ACE-
inhibitor for intolerant patients or an addition to ACE-inhibitor in
persistently symptomatic patients with a reduced LV ejection fraction.
Loop diuretics and a diet of salt restriction may be recommended to
correct fluid overload [84]. Medication with adverse effects on heart
fajlure secondary to systolic dysfunction such as non-steroidal anti-
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inflammatory medication, some antiarrhythmic medication and non-
dihydropyridine calcium channel blockers [47].

Device therapy

Device therapy such as cardioverter-defibrillator (ICD) and cardiac
resynchronization therapy (CRT) is indicated for patients who are
refractory to medication therapy. ICD therapy is recommended as
either primary or secondary prevention therapy for sudden cardiac
death. CRT with bi-ventricular pacing has been shown to have favorable
prognosis and improves survival in patients in sinus rhythm with LV
ejection fraction < 35% and moderate to severe symptoms [47].

Revascularization therapy

Revascularization therapy aims to restore coronary perfusion in
the setting of ischemia. It is achieved surgically through either coronary
artery bypass grafting (CABG) or percutaneous coronary intervention
(PCI). Revascularization has been reported to improve LV function
in 20-50% of patients diagnosed with chronic LV dysfunction with
significant amounts of viable myocardium [11,85-89]. Some studies
report revascularization therapy achieves superior survival rates and
improvement in LV function than medication therapy [9].

The 2009 ACCF/AHA guidelines on CABG recommends the
therapy to patients with LV dysfunction with significant left main
disease or equivalent disease (> 70% stenosis of proximal LAD) or LAD
with 2-3 vessel disease [90]. Patients having LVEF < 35% and CAD
amenable to CABG should receive an initial medication therapy alone
instead of a dual therapy of medication and CABG [47]. Presence of
heart failure in patents who have undergone coronary revascularization
using PCI with stenting suggests worsening prognosis. However, with
enhancements in stenting and antiplatelet therapy, clinical outcomes
for PCI continues to improve [91].

Autologous myoblast transplantation

Autologous myoblast transplantation has been suggested as a viable
therapy for ICM patients. The therapy is safe, feasible and could have
chronic improvement in LV function in ICM patients with end-stage
heart failure [92] but the large-scale Myoblast Autologous Grafting
in Ischemic Cardiomyopathy (MAGIC) Trial finds no improvement
in cardiac function [93]. However, data on autologous grafting is
conflicting and experimental warranting further large-scale studies for
validation [47].

Cardiac transplantation

Ischemic cardiomyopathy is one of the most common indications
for cardiac transplantation [94]. About 10% of ICM patients referred for
cardiac transplantation have hibernating myocardium that contributes
to severe LV systolic dysfunction [95-97]. Although CABG is highly
recommended to these patients as an alternative chronic treatment for
cardiac transplantation [98,99], patients with end-stage ICM with no
evidence of viability do not benefit from revascularization. [100].

Meta-analysis of clinical management
Search strategy

The present meta-analysis combines current research findings on
clinical management of ischemic cardiomyopathy to determine the
most frequent methods and the most common theraupteic targets.
Studies for inclusion in the meta-analysis were searched in online
databases PubMed, EMBASE, MEDLINE and Google Scholar using a
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combination of key words: ischemic cardiomyopathy, ischemic heart
disease, therapies and clinical management or treatment. The studies
were limited to cardiomyopathy due to ischemia and excluded case
report and case series. Additional studies not found on online searches
were discovered from screening reference lists of selected studies and
review studies. Data abstracted from the included studies included
author, year, clinical management methods, survival rates or mortality
rates (Table 5).

Study characteristics

Thirteen (13) studies conducted between 1983 and 2013 meeting
the inclusion criteria were included in this meta-analysis. The total
sample of patients evaluated in the 13 studies was 6,305, with mean
age = 60 years and 60% male (40% female) with a mean follow-up of
62 months. About half of the studies (54%) evaluated more than one
clinical management methods of ICM [103,104,106-110]. The most
studied clinical management approach in 56% of the studies was
revascularization through coronary artery graft by-pass (CABG) alone
or with medication [9,102-109]. Three other studies [19%] assessed
cardiac transplantation [94,99,101].

Study outcomes

The studies demonstrate coronary revascularization, medical
therapy and cardiac transplantation improve 5-year survival rate
of ICM patients (66%) and have preventive effect against cardiac
death indicated by a low mortality rate (19%). Although cardiac
transplantation has favorable long-term outcomes, limited donor
availability and long wait-times has influenced a vigorous search for
alternative therapies such as coronary revascularization using CABG
[94]. However, cardiac transplantation is usually indicated for ICM
patients with end stage ICM and having no viable or hibernating
myocardium. For ICM patients with viable myocardium, CABG
provides extended event free and survival benefits compared to
medication alone in ICM patients with LV dysfunction [109].

Discussion

In the present meta-analysis, clinical management of ICM targets
to relieve symptoms and slow down the progression of heart failure.
The common methods used were coronary revascularization therapy
(coronary artery bypass graft surgery), medical therapy and cardiac
transplantation, which convey a protective effect against cardiac death
(19%) and significantly improved 5-year survival rates at a mean of
66%. Coronary artery bypass graft (CABG) surgery, either alone or
concomitant with medical therapy, was the most common treatment
approach used in the 13 studies. For ICM patients with viable
myocardium, CABG had clinically superior beneficial effects evident in
event-free survival compared to medical therapy alone. Several previous
studies [85-89] have already demonstrated that CABG improved
LV function in up to 50% of ICM patients with LV dysfunction and
significant viable myocardium. In a comparison study of CABG and
medical therapy, Velazquez et al. [9] also reported ICM patients under
CABG therapy had superior improvement in LV function and survival
rates than medications alone. The present findings are also consistent
with the 2009 ACCF/AHA guidelines recommending the use of CABG
for ICM patients with LV dysfunction and > 70% stenosis on left atria
diameter. However, Fang and Aranki [47] proposes that ICM patients
with significantly depressed LV function (LVEF < 30%) and viable
myocardium should initially receive medical therapy alone instead of a
dual therapy of CABG and medication.
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Table 5. Summary of Studies on Clinical Management Approaches to ICM

. Sample o .. Median Follow-up |5-yr Survival Rate s
1st Author [Ref. #] Study Period Size Male (%) Mean Age Clinical Management Approach (Months) (%) Mortality (%)
Aziz [94] 1987-1998 133 -- 51 Cardiac Transplantation 87 62 11.2
Kron et al. [99] 1983-1988 39 79 63 Cardiac Transplantation 21 83* 19.0
Guddeti [101] 2006-2011 46 40 60 Cardiac Transplantation 88 50* 4.0
Velazquez et al. [9] 2002-2007 610 27 60 CABG + Medication 56 -- 36.0
Velazquez et al. [102] 1 2002-2007 610 27 60 CABG + Medication 117 - 41.0

35 21 65 CABG (viable anterior wall) 24 -- 2.8
Ribeiro et al. [103] 2006- 39 24 16 CABG + VR (viable) 24 - 4.7
63 27 63 CABG + VR (non-viable) 24 - 5.1
. 1993-2009 55 76 70 CABG 50 71 22.0
Maltais et al. [104]
2007-2011 33 85 71 LAD 50 94 15.0
Chen et al. [105] 1999-2005 212 73 64 CABG 32 49 7.0
343 73 63 CABG 120 61 --
O’Connor [106] 1969-1994 —
1068 72 62 Medication 120 37 -
89 86 52 CABG 52 64 12.4
Tyras et al. [107] 1970-1979 R
107 92 56 CABG + Medication 52 89 3.7
245 78 63 CABG 69 - 37.0
Kwon et al. [108] 2002-2006 s
205 71 63 Medication 69 -- 47.0
610 -- 59 CABG + Medication 56 -- 35.7
Carson et al. [109] 2013 S
602 -- 59 Medication 56 -- 40.5
Menicanti et al. [110] | 1998-2005 1161 62 83 Surgical VR 56 63 4.9%*

*10-year Survival Rate; **30-day Morality Rate; VR: Ventricular Reconstruction; CABG: Coronary Artery Bypass Graft; LAD: Left Ventricular Assist Devices

Cardiac transplantation is another common clinical management
approach for treating ICM patients assessed by 23% of the included
studies. It provides ICM patients with the highest chronic (10-year)
survival rate of up to 83% [99] and lower mortality rates of between 4%
[101] and 19% [99]. In a ten-year study of ICM, Aziz et al. [94] support
the present findings, reporting that ICM is among the most common
indication for cardiac transplantation. Although CABG is initially
indicated for ICM patients with LV dysfunction and severely depressed
LV dysfunction, cardiac transplantation may be considered as an
alternative therapy. Further, Mac Iver et al. [100] report that for ICM
patients with end-stage heart failure and those who do not exhibit any
clinical benefit from cardiac revascularization are usually considered
for cardiac transplantation. In summary, the main therapeutic target
for clinical management of ICM is relieving symptoms and preventing
the progression of heart failure. Medical therapy is the initial therapy
while cardiac revascularization is considered for those with LV
dysfunction and severe LV dysfunction. Cardiac transplantation is
considered for ICM patients with end-stage heart failure or refractory
to a dual therapy of CABG and medication.

Conclusion

The current systems of classification of cardiomyopathies based
on morphological and functional characteristics of the myocardium
exclude cardiomyopathies secondary to ischemia. However, ischemic
cardiomyopathy is a well-recognized disease entity, re-igniting the
debate for the need of etiologic-based classification. ICM causes an
imbalance between myocardial oxygen demand and supply leading
to myocyte loss, myocardial scarring and ventricular failure. The
prevalence of ICM is not completely understood mainly because of
the lack of a standardized and universally acceptable terminology.
Current studies variously refer to ICM as ischemic heart disease or
its three leading non-fatal sequela (angina pectoris, acute myocardial
infarction and ischemic heart failure). The main risk factors for ICM
are poor nutrition, sedentary lifestyle, chronic use of tobacco, advance
age, serum lipids and obesity. The most common reasons for visit to
the clinic are exertional dyspnea, peripheral edema, fatigue, persistent
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coughing, pulmonary congestion, palpitations, weight gain and
loss of appetite. Its clinical spectrum includes angina pectoris, acute
myocardial infarction, instable angina and ischemic heart failure all
occurring in the setting of myocardial ischemia. Prognostic predictors
are severely depressed LV systolic function, age of the patient,
capacity to exercise and co-morbidities. The main etiopathogenesis
mechanisms include acute changes in coronary plaque, inflammation,
coronary thrombosis and vascular remodeling. Diagnosis is two-step:
first to detect CAD based on angiographic findings and second to use
non-invasive imaging (SPECT/PET, cardiac MRI or cardiac CT) to
determine the presence, location and amount of viable myocardium.
Clinical management methods are lifestyle modifications, medical
therapy, device therapy (ICD or cardiac resynchronization therapy),
revascularization and cardiac transplantation.
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