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Abstract

Inflammatory cardiomyopathy (ICM) is a serious long-term sequelae of myocarditis (MC), defined as the inflammation of the heart muscle accompanied by cardiac
dysfunction. Definitive diagnosis of ICM remains a challenge due to the lack of pathognomonic clinical signs and symptoms, as well as the disease mimics a variety of
other non-inflammatory myocardial diseases. The disease has multiple actiologies including infectious, autoimmune, drugs and toxins. Diagnosis relies on histological,
immunological, immunohistochemical and molecular findings of infectious causes and the evidence of cardiac dysfunction. Whereas endomyocardial biopsy is the
diagnostic gold standard for MC and ICM as well as distinguishes aetiological forms, its use in routine clinical setting is infrequent. The result is the lack of certainty
in the epidemiological impact and the natural history of ICM. Moreover, ICM may resolve spontaneously, recur or become chronic leading to death or the need for
cardiac transplantation. Traditional diagnosis based on the Dallas Criteria considered MC a relatively rare cause of ICM, HF and sudden cardiac death. However,
the recent use of highly sensitive immunohistochemical and molecular tools applied to EMB together with advances in non-invasive imaging modalities suggest
the prevalence of the MC and ICM could be much higher than previously estimated. Therefore, the present study reviews published literature on the epidemiology,

aetiology, pathophysiology, diagnosis and clinical management to broaden understanding of this potentially treatable but life-threatening disease entity.

Introduction

Inflammatory cardiomyopathy (ICM) is a cardiac condition
characterized by the inflammation of the muscular tissues of the
heart (the myocardium) accompanied by alterations in myocardial
morphology and function. Clinicall, ICM exhibits typical
morphological characteristics of idiopathic dilated cardiomyopathy
(iDCM) [1], and it is the leading cause of non-ischemic heart failure
(HF), accounting for nearly one quarter (25%) of HF patients in the
United States and Europe [2]. Its known aetiologies are alcohol,
infections, drugs, toxins, and metabolic abnormalities, which may lead
to myocardial injury and to a common pathway of cardiac dilatation
and HE Recent clinical evidence also points towards a genetic basis
of iDCM, suggesting that in a sub-group of ICM patients, familial
transmission is a potential aetiology. Although conventional HF
regimens such as diuretics, angiotensin-converting enzyme-inhibitors
(ACE-inhibitors), digitalis, beta-blockers, vasodilators, and aldosterone
antagonists have proved both safe and efficacious in the treatment of
iDCM, accumulating clinical evidence suggests these HF regimens may
be less effective for ICM patients [2]. Thus, the emerging question is
whether medical treatment that reduces or eliminates inflammation
would produce additional clinical benefits among ICM patients
compared with the exclusive use of the standard HF regimens.

The answer to the question remains controversial for several
reasons, and thus the need for a better clinical understanding of ICM
as an important sub-type of DCM. First, the clinical presentation of
ICM exhibits a wide heterogeneity. Whereas most patients diagnosed
with myocardial inflammation are asymptomatic with spontaneous
resolution, a few others present with a fulminant course characterized
by severe HE, cardiogenic shock and a high mortality rate [3]. A few
other patients with a less acute form of ICM usually present with
moderate myocardial dysfunction and HE, and they account for the
largest group in most clinical trials [4]. Second, a confirmatory diagnosis
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of ICM is very general. The standard Dallas criteria requires both
inflammatory cells and myocyte necrosis, and has a great variability of
about 40% among expert pathologists [5]. Third, it is unclear at what
time the initiation of anti-inflammatory therapy (acute, subacute or
chronic phase) would produce the most effective clinical outcomes
during the course of the disease. Given these challenges, this paper
synthesizes published evidence about ICM with a focus on aetiology,
pathophysiology, diagnosis and clinical management.

Definition

Studies on inflammation of the heart muscles frequently associate
ICM with myocarditis (MC). Earlier expert consensus guidelines on the
classification of cardiomyopathies (CM) by both the European Society
of Cardiology (ESC) [6] and the American Heart Association (AHA) 7]
categorized ICM under MC cardiomyopathy and as a sub-category of
acquired DCM. The association between MCs and ICM is attributable
to the lack of a clear consensus on the meaning of the terms MC and
ICM, where some authors speak of ICM in the phase of acute cardiac
inflammation. However, MC and ICM are separate clinical entities.
In a more recent guideline on diagnostic and treatment strategies for
specific DCMs, the AHA recognizes ICM as distinct clinical entity from
MC, in which case, MC is the leading cause of ICM [8].

Clinically, the term MC describes an inflammation of the
myocardium secondary to infections, the exposure to toxic substances
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or to autoimmune processes. During the initial acute phase of infection,
a specific trigger can induce an autoimmune response ranging from
transient, to mild and to fulminant. If the infection persists, chronic
infection may develop in the presence or absence of inflammation.
In some patients, inflammation may persist even after the successful
elimination of the causative infectious agent [9]. On the other hand,
ICM is a progressive cardiac condition characterised by alterations in
the function and morphology of the myocardium with histological,
immunological and/or immunohistochemical evidence of both
inflammation and myocardial tissue remodelling. Histologically,
ICM developed in the presence of inflammatory infiltrates in the
myocardium accompanied by cardiomyocyte degeneration and
necrosis of non-ischemic cause [10]. Thus, ICM is MC in the presence
of cardiac dysfunction.

Although MC is the leading cause of ICM, it is difficult to assess
the absolute risk of developing ICM secondary to MC due to the lack
of a non-invasive gold standard for early and sensitive diagnosis [9,10].
Moreover, the use of the diagnostic gold standard, endomyocardial
biopsy (EMB) in clinical settings is infrequent. Since ICM shares
morphological characteristics with idiopathic dilated cardiomyopathy
(ibCM), some guidelines refer to ICM as inflammatory DCM. With
increased clinical understanding of ICM, it is now evident that
pathological injury in ICM patients occurs at the cellular level. Thus, an
accurate diagnosis requires tissue analysis with EMB [10]. Histological
findings have important prognostic implications and in some cases
may guide additional case-specific treatment regimens to the standard
symptomatic HF regimens [11,12].

Epidemiology

The prevalence of ICM has been difficult to determine due to a
wide heterogeneity of pathologies contributing to its development, and
significant regional and geographic variability of these pathologies. Most
available epidemiologic studies report the prevalence of DCM or non-
ischemic CM without a specific focus on ICM. However, because of the
close association between MC and ICM, most epidemiological studies
refer to the prevalence of MC to approximate that of ICM. However, as
already indicated, it is difficult to assess the absolute risk of developing
ICM after MCs, and as such, a significant number of subclinical cases
of MC usually go undiagnosed, which leads to under estimation of the
absolute risk for the development of ICM. Some prospective studies
adopting a clinical-epidemiologic design evaluating the progression of
MC diagnosed by EMB report a consistent progression into DCM of
about 30% [13-16]. Post MC, ICM portends a poorer prognosis, and
patients in American Heart Association (AHA) functional classes III-
IV, only cardiac transplantation produces a definitive resolution [13].

The true incidence of MC has also been difficult to ascertain due to
the complex definitive diagnosis in routine clinical practice. Moreover,
since cardiac biopsy and viral genomes analysis are infrequent in many
regions of the world, the prevalence of viral myocarditis in many regions
of Africa, Asia, the Middle East and South America remains unknown.
Nevertheless, recent estimates suggest that in young adults who have
succumbed to sudden cardiac death, post-mortem analysis reveal that
between 2% and 42% have clinical evidence of MC, with some studies
reporting up to 46% incidence of MC in children with idiopathic DCM
[10]. Previous studies based on the Dallas diagnostic criteria report an
incidence of biopsy-proven MC in between 5% and 16% of DCM cases
[17]. More recent studies report that about a half (50%) of patients with
a clinical diagnosis of DCM exhibit immunohistochemically detectable
MG, classified as ICM [18,19]. Based on the reported incidence rates,
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ICM is the leading aetiology of DCM [20]. Although some viruses may
be present in normal hearts, their significant remains to be elucidated.
Some studies associate the presence of virus in the myocardium
with negative prognostic implications [11,21] while others have not
demonstrated any effect of viral presence in the myocardium in the
prognostication and the evolution of the LV function [19,22].

Aetiology

ICM in the presence of chronic HF is the most severe long-term
sequela of MC associated with dilation of the cardiac chambers leading
to systolic dysfunction [22-26]. Most guidelines recognize MC as the
major cause of ICM, and thus, aetiologies of ICM have been associated
with those of MC. Although the aetiology of MC often remains
undetermined, a large variety of infectious agents, predominantly viral,
systemic diseases, and prolonged exposure to environmental toxins are
potential causes of the disease (Figure 1).

Infectious aetiologies

Inflammation of the muscular tissues of the heart can result from
a wide spectrum of infectious pathogens including viruses, bacteria,
fungi, protozoa, and parasites. Viral and post-viral MC remains the
most common aetiological cause of both acute and chronic ICM.
Several different cardiotropic viruses cause more than a half (50%)
of cases of paediatric ICM [27,28]. The other half may result from
environmental factors such as toxins, alcohol, cytotoxic chemotherapy,
metabolic aberrations or immunologic mechanisms. These later
aetiologies may characterize autoimmune MC from the onset or may
be the consequence of viral MC itself [29]. A larger proportion of the
evidence for infectious agents as the cause of ICM were reported before
the year 2000 with more recent studies interested with therapeutic
interventions.

Viral aetiologies

The bulk of earlier studies implicated coxsackie viruses as
the most frequent cardiotropic viral agents causing ICM [30,31].
Coxsackievirus is a member of the enterovirus genus of viruses within
the picornaviridae family. They are positive-sense single-stranded RNA
viruses divided into coxsackievirus group A (CVA) and group B (CVB)
species. A report by the World Health Organization (WHO) covering
10 years between 1975 and 1985 implicates CVB as the most frequent
inflammatory agents in cardiovascular diseases (CVD) accounting for
34.6 per 1,000 cases. The other frequent inflammatory agents were
influenza B virus accounting for 17.4 per 1,000 cases, influenza A,
11.7 per 1,000 cases, CVA, 9.1 per 1,000 cases and cytomegalovirus
(CMYV), 8.0 per 1,000 cases [32]. Moreover, several clinical studies have
confirmed the prevalence of enterovirus as causative agents for the
inflammation of the heart muscle [30-33], some revealing significantly
higher serological titres compared to controls [34-36]. On the other
hand, the use of the traditional enteroviral diagnostic methods found
Coxsackie virus infection in only 2% of consecutive studied MC in a
5-year study in a Finnish military hospital [37].

Clinical tests based on molecular techniques report the frequency
of myocardial enteroviral infections in between 30% and 50% of DCM
cases diagnosed with infectious aetiology [27,28,38,39]. Although data
on respiratory tract viruses such as adenovirus, Epstein-Barr virus
(EBV), and influenza virus is limited, these viruses can cause MC at
variable frequencies [31,32,37,40]. In particular, adenovirus have been
reported as an important causative infectious agent of MC and DCM in
both paediatric and adult populations [27,28,41]. Reports of rhinovirus-
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Figure 1. Major aetiologies of inflammatory cardiomyopathies

associated myocarditis are rare in literature although the U.S. Centre for
Disease Control has registered several cases [32,42].

Cytomegalovirus infection is an uncommon cause of acute MC/
ICM in previously healthy people but recognized as a cause of acute
infectious MC in the herpes group of viruses [43]. Moreover, some
studies report CMV-specific genome in the cardiomyocytes of EMBs in
up to 15% of patients with acute myopericarditis [44]. Thus, CMV might
be a more frequent cause of MC that previously reported. Furthermore.
CMYV infection is a peculiar viral disease in transplant recipient patients
particularly those with multi-organ involvement because specific
cytopathic features are only exceptionally observed [43-45].

Earlier studies also implicated the mumps virus as a causative
agent for infectious ICM. During or after mumps diagnosis, mild or
subclinical myocardial infection maybe present with about 15% of
the cases exhibiting changes in ST-T wave. Mumps associated MCY
maybe the initial step in the pathogenesis of endocardial fibroelastosis
[28,46]. However, the incidence of mumps-associated MC, previously
considered a major cause of infant mortality, has declined remarkably
over the recent decades because of the introduction of mumps vaccine.

Parvovirus B19 (PVB19), which causes the disease erythema
infectiosum, is a rare but a severe cause of infectious MC in infants
and children [47-49]. The virus is also responsible for hydrops fetalis
and foetal death [50,51]. The presence of B19 receptor (erythrocyte
P antigen) in foetal myocardial myocytes suggests the involvement of
intrauterine MC in the pathogenesis of foetal hydrops following PVB19
infection [47,51]. The demonstration of the involvement of hepatitis C
virus (HCV) in MC and DCM patients has been recent [52,53].

Infectious MC and ICM is a common complication in patients
infected with human immunodeficiency virus (HIV) or diagnosed with
patients with its sequela — Acquired Immuno-Deficiency Syndrome
(AIDS). Infectious MC affects about 45% to 52% HIV/AIDS patients
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[54]. However, cardiac manifestation in HIV/AIDs is not solely due
to the viral infection. It can have various other form of pathogenesis.
The cases of MC and ICM in HIV/AIDS patients is variable and
may be difficult to establish, especially among patients with multiple
opportunistic infections. The presence of other viruses in HIV/AIDS
patients such as Coxsackie virus and Toxoplasma gondii may also cause
myocardial inflammation [55].

Most of the evidence for viral associated ICM comes from earlier
studies published before 2000. However, a few studies post-2000
suggest a shift in the viral spectrum. The shift is from the previous
domination of adenovirus and enterovirus to the current parvovirus
B19 (PVBI19) and human herpes virus 6 (HHV-6) [56]. Data from the
Marburg Registry confirms the current prevalence of PVB19 and HHV-
6 in patients suspected with MC who underwent EMB [57]. Although,
there are no recent studies in the past decade in non-transplanted CM
patients, the prevalence of specific viruses maybe similar between
transplanted and non-transplanted CM patients [56,58].

Non-viral aetiologies

Nowadays, non-viral aetiologies of infectious ICM are rare
although the can cause significant morbidity and mortality. However,
non-viral causes are common in immunosuppressed patients with
secondary involvement of the myocardium. In diphtheric patients, MC
is the leading cause of death through the action of exotoxin secreted
by the bacterium Corynebacterium diphtheriae. Diphtheria still causes
morbidity and mortality in low-income countries [59] but rare in
Western countries because of vaccination although a resurge appeared
in Scandinavian countries in the mid-1980s particularly among
alcoholics [60].

Beta-haemolytic streptococci is a causative agent of non-
rheumatic MC often due to bacterial exotoxins [61]. Rheumatic MC
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involving valvular and perimyocardium is a major cause of paediatric
hospitalizations and cardiac deaths globally, with disproportional
incidence in developing countries. Autoimmune response to Group
A streptococcal antigens during pharyngitis leading to cross-reaction
of antibodies and immunocompetent cells with antigens in the
myocardium is believed to be the primary pathogenic mechanisms
in rheumatic MC. The discovery of enteroviral RNA replication and
protein synthesis in valvular tissues in patients with chronic rheumatic
heart disease supports viral aetiology or cofactor in some patients [62].
Bacterial endotoxin may also contribute to the pathogenic mechanisms
in meningococcal MC. Myocarditis has been reported in about three
quarters (78%) of patients with meningococcal septicaemia in the
presence of acute endotoxinaemia [63].

Myocarditis is a rare complication of Salmonella septicaemia
caused by Salmonella typhi or paratyphi. Yersiniosis is an infectious
disease caused by bacterium of the genus Yersinia in which myocarditis
may be a mild complication whose pathogenesis may involve the
immune system [64]. Myocarditis affects between 1% and 8% of cases
of Borrelia burgdorrferi infection and the involvement of the specialized
myocardium may result in atrioventricular block [65]. Patients with
infected with Mycoplasma pneumonia may develop mild MC and a
third will exhibit abnormal ECG findings [66].

Infection by the bacterium Chlamydia psittaci is rare in humans
and can cause psittacosis. Subclinical or mild MC is a complication in
5% to 15% of patients infected with Chlamydia psittaci with marked
cardiac insufficiency [67,68]. Cases of MC in patients infected with the
bacterium Chlamydia trachomatis are rare although a few published
cases report fatal especially in paediatric populations [67]. A mild form
of MC may accompany infection by Chlamydia pneumoniae but a case
of sudden cardiac death in a young athlete has appeared in literature
[69].

Cardiac involvement is a common complication in patients infected
with rickettsial infection in the presence of prominent vasculitis because
the bacterium rickettsiae has a special tropism for endothelial cells.
Infection with Coxiella burnetii causes Q fever. Myocarditis is a rare
complications but endocarditis is more common [70]. Chagas’ disease
caused by Tripanozoma cruzi infection is a common cause of MC and
ICM in both urban and rural areas of South America [71]. African
trypanosomes, Tripanozoma gambiense and Tripanozoma rhodesiense,
occasionally may lead to MC and ICM [72].

In recipients of cardiac transplants, infection by Toxoplasma gondii
may lead to severe cardiac complications. In a study on antibody negative
recipients of cardiac transplants, 57% developed toxoplasma MC [73]
but in a related study, only 4% to 53% antibody positive transplant cases
develop MC although this difference may be the result of the different
antibody testing methods in the two studies [74]. However, following
the introduction of pyrimethamine prophylaxis, cardiac complications
associated with Toxoplasma gondii infection has declined significantly.

Infectious MC due to fungal infection frequently manifests in the
setting of disseminated disease. The most frequent fungal causative
agents for MC and ICM is Aspergillus fumigatus [75]. However, the
incidence of invasive fungal infection and disease has substantially
increased over the past few decades associated with an increase in the
population of immunocompromised patients. The main risk factors
for severe fungal disease are administration of broad-based antibiotics,
corticosteroids and cytotoxic agents, invasive medical procedures and
HIV/AIDS, where association of fungal and other infective agents is
frequent [76]. Post-mortem diagnosis of fungal MC is challenging
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because clinical findings of the involvement of the myocardium is
usually absent or non-definitive and blood cultures are often negative
and other laboratory tests are ineffective.

Parasitic infections are rare causes of MC and ICM. Trichinella
is the most common parasite causing infective MC and ICM. It is of
the genus of parasitic round worms and its species include T. spiralis,
T. pseudospiralis, T. nativa, T. nelsoni, T. bitovi, T. murelli, and T.
papuae in which T. spiralis is the most prevalent cause of ICM [77,78].
Other helminths can also lead to myocardial infection resulting
in inflammation often in the setting of multi-organ involvement
[22]. Other fungal diseases that may lead to infective CM and ICM
include Trichiniasis, Echinococcosis, Schistosomiasis, Ascariasis,
Heterophydiasis, Filariasis, Paragonimiasis, Strongyloidiasis,
Cysticercosis, and Visceral larva migrans.

Non-infectious aetiologies

Infective MC and ICM can also result from autoimmune diseases
and prolonged exposure to cytotoxic drugs or environmental toxins.
However, cases of non-infectious CM are uncommon relative to
infectious (or viral) causes. The pathogenic mechanisms between
infectious and non-infectious aetiologies differ but both lead to common
pathway of myocardial inflammation, dilatation and dysfunction.

Autoimmune diseases

Several autoimmune conditions can involve longstanding MC as
either a primary or a secondary complication leading to myocardial
dilatation and dysfunction. The various autoimmune diseases that can
cause ICM include sarcoidosis, Churg-Strauss and eosinophilic MC,
giant cell MC (GCM), dermatomyositis, inflammatory bowel disease,
systemic lupus erythematosus, rheumatoid arthritis, scleroderma,
and chronic lymphocytic MC, Kawasaki, and celiac disease [79].
Autoimmune diseases occur secondary to a defective function of
features that contribute to the non-reactivity of the immune system
towards self-antigens. Its main characteristic is a high concentration of
autoantibodies reacting with autoantigens. [80,81].

Autoantibodies are antibodies (immune proteins) produced by the
immune system that target and react with own tissues and organs. The
immune system produce autoantibodies when it fails to distinguish
between “self and non-self” antigens and these autoantibodies
cause many autoimmune diseases. A variety of stimuli including
infections, drugs, environmental toxins and prior lesions may induce
immune response that produces autoantibodies. On the other hand,
autoantigens are normal or complex proteins (sometimes DNA or
RNA) recognizable by the immune system of patients suffering from a
specific autoimmune disease. Autoantigens can react with the effector
arm of a patient’s own immune system [82-86]. The immune system can
direct autoantibodies to a wide spectrum of autoantigens in the organ
that contains the autoimmune lesion.

The development of autoantibodies depend on its activity,
accessibility to autoantigen targets and the actions of the immune
response effector mechanisms [87]. Some diseases with cardiological
effects such as rheumatic fever, post-pericardiotomy syndromes and
collagen diseases exhibit immunopathological responses but are not
considered autoimmune diseases. In ICM patients, autoantibodies that
attack autoantigens are pathogenic agents or a secondary effect of tissue
aggression. The presence of autoantibodies in patients with CM and
ICM are important diagnostic markers for disease and prognostics if
accompanied by an autoimmune-associated illness [87-91]. The most
common classes of autoimmune diseases that cause MC and ICM are

Volume 8: 4-16



Albakri A (2020) Inflammatory cardiomyopathy: A review and meta-analysis of pathophysiology, diagnosis and clinical management

granulomatous and eosinophilic diseases are among the most common
ADs capable of causing CM [8].

Connective tissue diseases are an import category of autoimmune
diseases that can cause ICM. They are diseases typified by alterations
in the cells and matrix that hold together body and tissues. The most
common areas of manifestations are joints, muscle and the skin.
They may also involve organs and organ system such as heart, lungs,
kidney, blood vessels and eyes [92]. More than 200 diseases can affect
connective tissues but ICM is common only in six diseases — systemic
lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis,
scleroderma, dermatomyositis and periarteritis [8]. Although cardiac
dysfunction such as global LV dysfunction, segmental LV wall motion
abnormalities and RV enlargement are common complications in
patients with connective tissue diseases, the development of ICM is not
a frequent manifestation in the naturel history of the disease [93].

Drugs/Toxins

Drugs and toxins are an important cause of ICM because they
are potentially reversible after the withdrawal of the causative drug or
exposure to environmental toxins. Early detection of the condition is vital
to withdraw the causative drug and to improve therapeutic outcomes to
the patient, or to prevent the progression from MC to ICM or from ICM
to heart failure. Prescription drug-induced ICM in particular, requires
clinical attention because they reduce the efficacy of previously effective
drugs recommended for the long-term management of common
diseases as well as complicates patient management. The most frequent
prescription drugs implicated as the major cause of ICM in clinical
settings include anti-cancer (or chemotherapeutic) drugs including
anthracyclines, cyclophosphamide trastuzumab and tyrosine kinase
inhibitors because of their cytotoxic effects [94]. Other commonly used
prescription drugs besides chemotherapeutic drugs that can cause ICM
are antiretroviral drugs such as zidovudine, didanosine and zalcitabine,
and antipsychotic drugs such as phenothiazines and clozapine [95].

Anti-cancer drugs, in particular anthracyclines, is a common
prescription drug in the treatment of hematologic and solid
malignancies. It has a direct cardiotoxic effect. Various anthracycline-
based drugs such as doxorubicin, daunorubicin, epirubicin, idarubicin,
and mitoxantrones are effective and in common use in oncologic
practice. The risk of anthracycline-induced ICM is dose dependent
and the risk increases with increasing age [96-99]. Earlier clinical
trials of adjuvant anthracycline therapy report the incidence of ICM
is equal to or less than 2% but more recent evidence report about 10%
to 50% of subclinical decline of LV ejection fraction (LVEF) greater
than 10% following anthracycline treatment [100]. Earlier detection of
anthracycline-induced LVEF changes is vital to minimize the incidence
of clinical HF among cancer survivors. The changes in LVEF occurs
between a month to one year following anthracycline treatment but
there are cases of HF developing after six to twenty years after treatment
[96,97]. With an increase in the population of cancer survivors of
childhood cancer, increased detection rate of adult onset of ICM is
increasing [101]. Additional risk factors for myocardial injury such as
radiation, concomitant coronary artery disease and pre-existing cardiac
function may complicate prognosis [101].

Antiretroviral drugs used in the treatment of HIV/AIDS is another
important cause of MC and ICM. The use of these drugs is lifelong and
their cardiotoxic properties accumulate and injure the myocardium.
The initial reports of HIV-associated ICM emerged in the late 1980s and
over time has become the leading non-infectious cause of death among
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HIV-infected children [102-105]. The incidence of HIV-associated
ICM increased significantly after the introduction widespread use
of combined antiretroviral therapy suggesting the therapy may have
additive effect on the development of ICM. The annual incidence of
HIV-associated ICM in 2003 before the introduction of combined
antiretroviral therapy was 15.9 per 1000 persons [106], which rose
to 176 per 1000 persons in 2014 after the introduction of combined
antiretroviral therapy [107]. Individual antiretroviral drugs such as
zidovudine, didanosine or zalcitabine are also potential causes of ICM
in HIV positive patients [108-111].

Antimalarial drugs mostly chloroquine, is another potential cause
of therapy related drug-induced ICM. Chloroquine and its derivatives
such as hydroxychloroquine is a common drug in the treatment of
malaria as well as in rheumatoid arthritis, sarcoidosis, and systemic
lupus erythematous [112]. Since chloroquine is known to induce
a variety of other toxic effects such as retinopathy, neuropathy and
myopathy, its cardiotoxic effect has not been appreciated. Cardiotoxic
effects of chloroquine include conduction disturbances such as
bundle branch block and biventricular hypertrophy in the presence of
restrictive CM [113]. Since the use of chloroquine in the treatment of
malaria has decreased as well as the global incidence of malaria, the
cardiotoxic effects of chloroquine has not received much attention in
scholarly discourse relative to chemotherapeutic and antiretroviral
drugs.

Increasing evidence also associates the use of antipsychotic drugs
with the development of ICM. In clinical setting, the recommendation
of antipsychotic drugs for the treatment of schizophrenia and
other multiple mental health conditions has increased the overall
population exposed to these medications. Antipsychotic regimens have
cardiotoxic properties and are associated with serious cardiovascular
complications. They are secondary causes of inflammatory DCM,
whose clinical features include diffuse myocardial damage, reduced
cardiac contractility and HF [114]. Although several antipsychotic
drugs may result in adverse metabolic and cardiovascular effects, only
phenothiazines and clozapine therapies emerge as the major cause of
drug-induced inflammation of the heart muscles contributing to the
pathogenesis of ICM.

Besides prescription (or medical) drugs, non-medical drugs,
generally termed as toxins, are another important cause of inflammation
of the myocardium contributing to the pathogenesis of myocarditis
and its long-term and severe sequela ICM. Whereas the intention of
prescription drugs is to treat or manage a specific medical condition,
non-medical drugs are recreational drugs whose consumption alters
the mental conscious state or alleviates pain. Users of recreational
drugs usually abuse them, that is, the consumption of drug causing
dependency. Consumption of recreational drugs may lead to tolerance,
the need to consume larger amounts of a drug to achieve the effects
of previous consumption. Recreational drugs have different cardiac
effects but lead to a common pathway to cause changes in myocardial
morphology and function. The common categories of recreational
drugs that can cause ICM are cardiodepressant such as ethanol, and
cardiostimulants such as cocaine or amphetamines. In addition, acute
or chronic exposure to environmental toxins such as heavy metals
(cobalt, lead, mercury, arsenic, lithium or beryllium) and carbonaceous
compounds (carbon monoxide or carbon tetrachloride) may also
contribute to the pathogenesis of ICM [8].
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Pathophysiology
Infectious/Autoimmune ICM

The pathophysiology of ICM due to infectious agents in humans
remains to be elucidated. At present, the bulk of the evidence on
pathophysiology of ICM relies on viral aetiologies based on studies on
murine models. Consequently, the pathophysiologic mechanisms have
been described in terms of host factors, viral entry, innate immune
response, direct viral injury, and acquired immune response.

Host susceptibility factors

Inflammatory CM does not develop in all patients with the
aetiologic viral infection suggesting host factors may play a role in the
susceptibility of developing of ICM in some patients. The precise host
factors are unclear although malnutrition, pregnancy, sex hormones
and age may play a role in the susceptibility to ICM in patients infected
with the causative infectious agent [115]. Genetic host factors such as
histocompatibility haplotype, HLA-DQ and CD45 polymorphisms may
contribute to the vulnerability to early viral infection [116-118]. Other
factors that may predispose an individual to ICM through increased
virus virulence include selenium deficiency, vitamin E deficiency and
mercury exposure [119-120]. Viral factors such as genotype phenotype
may also affect cardiovirulence [121].

Viral entry into cardiomyocytes

The pathophysiology of infectious and autoimmune myocarditis
and ICM comes from murine models in which susceptible strains of
mice are infected with cardiotropic virus mainly CVB. Virus enters
the cardiomyocytes through endothelial receptors, most notably
the coxsackie-adenovirus receptor (CAR) [123]. Besides CAR,
coxsackievirus serotypes B,, B, and B, use decay-accelerating factor and
adenoviruses use av integrins as co-receptors for viral entry [124-126].
Difference in binding to the decaying-accelerating factor increases
viral virulence in CVB infections [127]. The brain and the heart has
a high expression of CAR, with its peak in the perinatal period and
subsequent overall levels decreasing with age [128]. In paediatric
populations (immature heart), CAR occupies the entire surface of the
cardiomyocytes. In contrast, in mature hearts in adults, CAR occurs
predominantly in the intercalated disks [129]. The expression level and
location of CAR in neonates and infants explains the susceptibility of
these cohorts to CVB-mediated MC and ICM. A recent study involving
CAR-inducible murine model demonstrated that CAR is the receptor
for coxsackievirus in vivo and that the elimination of CAR blocked virus
entry into cardiomyocytes as well as eliminated signs of ICM [130].
Previously, the general belief was that MC was a primary autoimmune-
mediated disease because of the presence of autoantibodies targeting
cardiomyocyte proteins in myocarditis patients [131]. However, the
lack of myocardial injury in a model of CAR mice suggested that the
primary mechanism might be viral-mediated at least in the acute phase
[23].

Innate immune response

Innate immune response is the non-specific defence mechanisms
activated immediately or within hours after the appearance of antigen
in the body, and may play a role in the pathogenesis of viral-associated
ICM. The intensity and duration of the innate immune response to
viral infection plays a major role in the pathogenesis of ICM. Innate
immune response upregulates a number of inflammatory mediators
such as tumour necrosis factors (TNF), nitric oxide, toll-like receptors
and complement. Murine models demonstrate that these mediators
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play a dual role in the pathogenesis of viral-induced ICM. Increased
TNF levels decreased viral load but also led to exaggerated immune
response and late mortality [132]. Nitric oxide not only inhibits
viral replication but also contributes to the pathogenesis of ICM by
enhancing ongoing myocardial injury [133,134]. Toll-like receptors
and myeloid differentiation factor-88, an adapter molecule for toll-
like receptors, minimize viral replication in the heart but myeloid
differentiation factor-88 appears to significantly affect the severity
[135,136]. Complement amplifies both the innate and adaptive immune
responses, increases susceptibility to autoimmune myocarditis and
progression to chronic ICM [137].

Direct viral injury

Innate immune response does not always eliminate all the viruses.
Those that evade the response by the innate immunity replicate and
produce viral proteins causing a direct injury to the myocardium.
In a murine model with severe immune deficiency, CVB3 infection
results in myocardial injury [138]. Picornavirus protease 2A inhibits
protein synthesis in host cells and CVB3 protease 2A has proteolytic
activity, cleaving protein dystrophin in host protein inducing ICM
[116,139,140]. In addition, CVB3 proteases 2A and 3C can also induce
cell apoptosis, which aggravates cardiomyocyte injury [141]. In patients
with virus-associated ICM, the inhibition of viral proteases could be a
potential novel target in the treatment of viral-induced ICM.

Cell-mediated immune response

Cell-mediated immune response leads to an indirect injury to
the infected myocardium. Cell-mediated response does not involve
antibodies. Cell-mediated immunity is involved in the pathogenesis of
viral and autoimmune myocarditis and ICM. Inflammatory infiltrates
found in myocardial lesions of myocarditis consists of more than 70%
of mononuclear, primary monocytes, macrophages and T lymphocytes
[142]. In experimental autoimmune myocarditis mice model, the
inhibition of monocyte chemoattractant protein 1 and macrophage
inflammatory protein reduced the severity and prevalence of
myocarditis [143]. In susceptible mice, helper T cells (TH1&2) produce
cytokines (TNF and interleukins), which contribute to the development
of autoimmune CM within 6-12 hours of viral infection. In addition,
TH17 produces interleukin-17 that results in the development of severe
autoimmune MC in interferon y deficient experimental autoimmune
mice [144].

Inhibiting the proliferation and activation of T lymphocyte in
experimental autoimmune mice reduces the immune responses and
the severity of MC [145]. Acute injury to the myocardium activates
the adaptive immune response, which further mediates cardiac injury.
CD4* T lymphocytes contribute to the pathogenesis of autoimmune MC
through production of key cytokines, and antibodies and autoantibodies
[146-148]. Rodent models of CVB3-induced autoimmune MC develop
antibodies targeting multiple cardiac antigens [149]. In MC and ICM
patients, autoantibodies targeting several different cardiac antigens
have been observed and precede the development of ICM [150-152].
Particularly, serum of patients with MC and ICM have antibodies
targeting cardiac beta-1 adrenergic receptors and the elimination of
circulating beta-1-adernergic receptors autoantibody by immuno-
absorption improve cardiac function [153-155]. Antibodies targeting
Tnl result in severe myocardial inflammation and fibrosis in mice
models causing myocardial dilation and reduced survival but those
targeting TnT do not exhibit similar immunologic response [156-158].
In a majority of virus-associated MC and ICM, the innate immune
system eliminates the virus with no subsequent adverse effects but
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in a minority of patients, the virus persists leading to cardiomyocyte
injury, and myocardial inflammation secondary to immune response to
cardiac autoantibodies.

Drug/Toxin ICM

Pathophysiology of drug/toxin-associated ICM has been described
in the light of anti-cancer drugs, in particular anthracyclines and
trastuzumab. The major mechanisms of anthracycline-associated ICM
is the formation of anthracycline-iron complexes and the stimulation of
free radical formation [159-162]. In human cardiomyocyte is susceptible
to injury by free radical because it has lower concentration (4 times less)
of superoxide dismutase, and 150 times less catalase compared to the
liver [163]. Superoxide dismutase is an enzyme that contributes to the
breakdown on harmful oxygen molecules in cells, while catalase speeds
up the decomposition of hydrogen peroxide into molecular oxygen and
water. Anthracycline also supresses the actions of enzyme glutathione
peroxidase, which is the principle cardiomyocyte defence against freer
radical damage. Glutathione peroxidase is a cytosolic enzyme that
increases the rate of decomposition of hydrogen peroxide into water
and oxygen, and the reduction of peroxide radicals into alcohol and
oxygen [164]. Defective enzymatic actions leads to the accumulation of
superhydroxide free radicals, which leads to severe lipid peroxidation.
The result is the destruction of mitochondrial membranes, endoplasmic
reticulum and nucleic [165,166]. Mitochondrial biogenesis and the
formation of reactive oxygen species (ROS) may also contribute
to the development of ICM [167]. Other mechanisms include
reduced production of adenosine triphosphates, inhibited nucleic
acid and protein synthesis, dysfunctional mitochondrial synthesis,
cardiomyocyte apoptosis and increased immune functions [168,169].

Clinical evaluation and management

Clinical manifestation

Signs and symptoms: Inflammatory CM has heterogeneous and
non-specific cardiac signs and symptoms based on the degree of
myocardial inflammation and LV dysfunction. Clinical manifestation
varies from an asymptomatic course of a mild ongoing disease with mild
myocardial impairment to a fulminant HF accompanied by malignant
arrhythmias [8]. Sometimes, cardiac death may be the first and the only
manifestation of the disease in previously healthy individuals. Initial
viral infection in MC patients can be subclinical, and thus, its absence
in patient history does not exclude the development of ICM. In mild
cases of MC, symptoms during the acute phase are less dramatic but
does not imply favourable long-term prognosis. However, the degree of
myocardial injury during the acute phase of infection is still a key factor
determining the recovery of LV function in the subsequent phases [1,8].

Inflammatory CM should be suspected in previously asymptomatic
young persons with some coronary disease risk factors, and days or
weeks following respiratory or gastrointestinal viral syndromes in
the absence or presence of elevated systemic inflammatory markers,
fever and cardiac signs (dyspnoea or orthopnoea, or palpitations, or
effort intolerance or chest pain) or unobstructed coronary arteries at
coronary angiography [170]. Biopsy-proven MC may also present with
arrhythmias, syncope or aborted sudden cardiac death (SCD), subacute
or chronic HF or new-onset acute HF and/or cardiogenic shock [170].
MC may cause or be a complication of peripartum CM or Takotsubo
CM. Fulminant MC can have viral prodrome a month prior to the
onset of cardiac symptoms, onset of unexplained HF, hemodynamic
compromise and a general good prognosis [4]. Since MC can mimic
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many non-inflammatory pathologies, the exclusion of other potential
causes such as valvular heart disease, pericardial constriction and
coronary artery disease may be important to confirm diagnosis [170].

Reasons for physician’s visit: Heart failure (HF) is a common
manifestation of MC/ICM and a leading reason for a physician visit.
It may manifest with a gradual onset and mild symptom but can also
manifest acutely ending in cardiogenic shock, in which mechanical
circulatory device support or cardiac transplantation is the most effective
therapy to save life. Acute onset of HF is common in fulminant MC.
Patient who survive the acute phase, exhibit significant improvement
or a complete normalization of LV systolic function with favourable
long-term prognosis in a few weeks [4]. Spontaneous improvement of
LV function or following HF therapy is common to a certain extent
to almost 50% of MC with initial systolic dysfunction [170-174]. As a
result, it is prudent to postpone long-term therapeutic decisions such
as cardiac implantation or implantation of cardioverter or defibrillator
for about 3 to 6 months after disease onset or after initiation of therapy.

Diastolic dysfunction, although rare, can also manifest in some
patients with virus-associated ICM, and is another common reason
for a visit to the physician. In a recent 6-month follow-up study
reports, a decline in myocardial inflammatory infiltration correlated
with improvement in a number of echocardiographic parameters and
functional status with a reduction in cardiac troponin levels [175]. The
evidence of the involvement of diastolic dysfunction in viral (PVB19)-
associated MC and ICM have also been reported [176]. The basis of
this evidence is the presence of impaired function of the endothelium
in individuals with infected endothelial cells associated with a higher
incidence of chest pain as a clinical feature of the disease [176]. The
utility of EMB in isolated diastolic dysfunction is unclear due to the lack
of evidence for the introduction of a specific regimen based on positive
bioptic findings of MC. Besides diastolic dysfunction, another clinical
presentation of ICM by chest pain mimicking anginal pectoris or a
pericarditis-like character, especially in the presence of perimyocarditis.
In these patients, especially with elevated markers for myocardial injury,
the main reason for sending them to the catheterization laboratory is
to exclude acute coronary syndrome. Normal coronary arteries and
the absence of other pathologies including aortic dissection, atrial or
ventricular tachycardia increases the clinical suspicion of MC [177].

The third common reason for a physical visit for suspected ICM
are symptoms associated with supraventricular and ventricular
arrhythmias. The presence of conduction disturbances or severe
ventricular arrhythmias raise the clinical suspicion for GCM, cardiac
sarcoidosis or Borrelia burgdorferi as the aetiologic agents. MC has
been discovered incidentally at autopsy in a few cases of patients who
died suddenly probably due to malignant arrhythmias. However, more
frequently, a mild course marked by palpitation, dizziness or syncope
alerts the possibility of the presence of serious arrhythmias [170].

The symptoms of MC and ICM can manifests simultaneously or
at different phases of the disease. Patients exhibiting symptoms of HF
usually have a poorer prognosis compared to those presenting with
cheat pains or arrhythmias [22]. Peripartum CM could be considered in
ICM patients a few months before and after delivery [8,22]. Peripartum
CM presents with systolic HF in previously healthy women towards the
end of pregnancy or a few months after birth, with a preponderance
for women of an African descent. Although the causes of peripartum
CM have not been definitively clarified, the involvement of MC in its
pathogenesis or as a complication has been suggested [1,8,10].
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Clinical evaluation

Diagnostic criteria: The diagnosis of MC and ICM have remained a
clinical challenge. Today, despite advancements and wide availability of
non-invasive imaging modalities, the diseases remain a diagnosis per
exclusionem. The ESC Working Group in myocardial and pericardial
diseases and AHA diagnostic and treatment strategies for specific
DCM raise clinical suspicion for MC and ICM based on the presence
of HF chest pain and arrhythmias, and evidence of cardiac dysfunction
based on non-invasive [8,10]. The diagnosis of MC is suspected in the
presence of > 1clinical presentation and >1 diagnostic criterion or > 2
diagnostic criteria, if the patient is asymptomatic (Figure 2).

The ESC recommends EMB for all patients fulfilling the diagnostic
criteria and remains the gold standard diagnostic tool for ICM.
Unfortunately, the use of EMB is uncommon in clinical settings and the
method of first choice only in specialized centres with the expertise and
experience and advanced laboratory equipment for complex evaluation
of EMB samples [170].

Diagnostic workout: Diagnosis of ICM is a clinical challenge due
to the lack of pathognomonic features. The disease lacks clinically
available and specific blood tests to confirm diagnosis. Serum markers
of inflammation such as erythrocyte sedimentation rate and C-reactive
protein are non-specific but could be elevated in patients with acute
and critical disease. Troponin I is elevated in about 34% of acute
MC patients with an average of one month of symptoms [178]. The
ESC position statement on HF recommends troponin assessment
in clinically suspected MC as well as natriuretic peptides and other
biomarkers [10]. A 12-lead ECG is recommended in all suspected cases
of MC. Although its findings are non-specific, findings such as rhythm
disorders such as ventricular tachycardia or AV block may suggest GMC
or cardiac sarcoidosis associated MC [1]. The ESC also recommends
echocardiography in the setting of suspected MC for risk stratification
and prognostication or the exclusion of other potential pathologies
[10]. A QRS width > 120 ms predicts a higher risk of death or cardiac
transplantation [178]. PR-segment depression and diffuse ST-segment
elevation suggests pericarditis whereas low voltage in the presence of
hypertrophied LV walls in the absence of an infiltrative disorder such as
amyloidosis may suggest myocardial oedema [8].

Cardiac magnetic resonance imaging (MRI) can distinguish
ischemic from non-ischemic CM based on the pattern of myocardial
injury on T1-weighted, late gadolinium enhancement (LGE) [179].

In ischemic CM, LGE shows increased endocardial signal intensity
in coronary distribution whereas in MC the pattern of LGE is usually
epicardial or in the midwall. Non-contrast enhanced T2-weighted
sequences and post-gadolinium T1-weighted sequences are used
to separately or in combination with LGE to diagnose MC [179]. T1
and T2 mapping increase sensitivity and reduce artefacts respectively
[180,181]. The presence of LGE in biopsy proven viral MC can predict
the risk of ventricular arrhythmias and cardiovascular death. The
diagnosis of cardiac MRI features of acute MC can evolve from focal to
diffuse pattern and can resolve [182]. Although the confirmation of MC
requires histological or immunohistological evaluation, EMB remains
the gold standard diagnostic tool. However, the 2013 ACCF/AHA
guideline on the management of HF [183] and the 2013 ESC position
statement have inconsistent recommendation regarding indications for
EMB [10]. The ESC recommends a broader use of EMB for the diagnosis
and management of MC based on the presence or absence of viral
genomes and inflammation. However, EMB is usually recommended
when GCM was likely or lymphocytic MC is suspected in the setting
of fulminant HF [184]. In general, EMB should be performed after
histological information can influences prognosis or guide treatment.

Clinical management

The AHA scientific statement on diagnostics and treatment of
specific forms of DCM recommends the treatment of inflammatory
DCM should follow the current guidelines for the treatment of
systolic HF [183,185]. Immunosuppression is usually not indicated
for the management of acute lymphocytic MC in adults. In the case
of GCN, cardiac sarcoidosis or eosinophilic MC, treatment targeting
the modification of the immune response can be considered [10,186].
Sustained aerobic exercise is contraindicated during acute viral MC
because of increased risk of sudden death. Competitive sport should
be avoided for 3 to 6 months after diagnosis of MC. Non-steroidal
anti-inflammation drugs should be avoided due to increased risk of
inflammation and mortality [8]. Acute arrhythmia management is
supportive since arrhythmias often resolve with resolution of acute
inflammation. In patients with drug-refractory ventricular arrhythmias
after MC, endocardial and epicardial radiofrequency, catheter ablation
can be effective [187]. Some MC patients who develop cardiogenic
shock despite optimal medical management may requires mechanical
circulatory support (MCS). The role of immunosuppression in patients
who require MCS has not been evaluated systematically and remains
uncertain. The overall rate of survival following heart transplantation
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Figure 2. Diagnostic criteria for clinically suspected myocarditis
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for adult MC patients is same to that of other aetiologies of HF but
a higher post-transplantation risk if active MC is present in the
transplanted heart [188,189].

Diagnosis/Management: A meta-analysis

Clinical evaluation and management of ICM lacks definitive
methods and specific treatment methods respectively. Variable
and non-specific clinical presentation, including heterogeneity of
aetiologic agents complicates diagnosis and management. Diagnosis
per exclusionem and variable therapeutic interventions based on the
causative agent have been described in literature. Although EMB is the
diagnostic gold standard that can also determine the causative agent,
its recommendation for diagnostic varies across guidelines. Besides,
the current ESC and AHA guidelines recommend the utility of EMB
only in centres with the requisite expertise and experience because of
the associated high risks of complications [8,10]. The limited utility of
EMB in routine clinical practice might undermine efficacious clinical
management approaches because it is the only reliable method for
detecting and quantifying myocardial viral presence and providing
valuable information for the selection of the most appropriate therapy.

Standard HF regimens have proved beneficial for ICM patients but
in a subset of ICM patients with no evidence of cardiac dysfunction
or with refractory symptoms despite optimal medical treatment,
a safe and effective treatment remains a major clinical challenge.
Antiretroviral drugs for viral-associated ICM, which targets to
eliminate virus in the acute phase in most cases are in appropriate
since most patients presenting in hospitals are past the acute phase, in
the chronic phase of the disease [12]. The use of immunosuppression

Table 1. Summary of studies included in the meta-analysis

therapies such as immunomodulation and immunosuppression have
not been recommended because of insufficient evidence from clinical
trials. However, immunosuppression may be a promising adjuvant
therapy to the standard HF therapy in selected cases of autoimmune
disease such as ICM patients with virus-negative myocardium or
those with persistent HF symptoms greater than six months despite
optimal medical therapy [190,191]. Thus, the present meta-analysis
seeks to determine the common methods used in the diagnosis and
management of ICM in routine clinical practice. The search strategy,
study selection, data extraction and analyses were performed according
to the PRISMA guidelines for systematic review and meta-analysis
[192]. In total, 14 studies that evaluated diagnostic and management of
ICM patients formed the final dataset for analysis (Table 1).

Findings

Fourteen studies evaluating the diagnosis and/or management of
ICM formed the final dataset for analysis in the present meta-analysis
[193-206]. Eight (8) of the studies were randomized prospective clinical
trials [196,197,199-203,206] and the remaining were non-randomized
prospective or retrospective studies [193-195,198,204,205]. In total,
the 14 studies enrolled 503 patients suspected with MC with cardiac
involvement or ICM. Despite the uncommon use of EMB in routine
clinical practice and in non-specialized centres, all the included
clinical trials relied on EMB for a definitive diagnosis of MC/ICM.
The most common non-invasive imaging for ICM diagnosis in the
included studies is echocardiography. Its main use was to demonstrate
cardiac dysfunction and to exclude other potential causes of cardiac
symptoms other than MC. Moreover, echocardiography has been used

1st Author (Year) [Ref #] Study Design Sample Patients/ Diagnosis LVEF (Baseline) LVEF (FuP) FuP Period Immunosuppressive Drugs
Chan (1991) [193] Retrospective Non- 13 Biopsy-proven MC 34+12 66+7 14+11 Prednisone + azathioprine
randomized +HF
Retrospective Non- Biopsy-proven virus(- Prednisone + azathioprine for
Escher (2016) [194] randomized 53 ve) ICM 29.3+8.8 41.7+13.2 6.0 6 months
. Virus -ve, active . Lo
Frustaci (2003) [195] Retrospective responders vs. 21 lymphocytic MC 257441 471544 6.0 Prednisone + azathioprine for
non-responders HF 6 months
Frustaci (2009) [196] Randomized placebo 43 Virus -ve ICM 26.5+6.7 45.6+9.6 6.0 Prednisone + azathioprine for
controlled 6 months
Randomized to IVIG of Intravenous immunoglobulin
Gullestad (2001) [197] placebo 19 ICM + HF 2642 3143 6.5 (IVIG)
Retrospective Non- Viral tve
Kuhl (2003) [198] pectiy 22 myocardium + LV 44.7+£15.5 53.1+16.8 6.0 Interferon (IFN)-p therapy
randomized .
dysfunction
MC + onset of HF Prednisone + cyclosporine or
Mason (1995) [199] Randomized controlled 64 <2 years preceding 25+10 34420 6.0 cyclosp
azathioprine
enrolment
McNamara (2001) [200] Prospective placebo 10 Recent onset DCM 2548.0 49+19 12.0 Intravenous immune globulin
controlled with Inflammation
Merken (2018) [201] Randomized controlled 90 Echo/EMB 2810 44413 72 Azathioprine + prednisone
cyclosporine
Parrillo (1989) [2002] Prospective RCT 49 DCM + HF 17.9£1.0 22.241.6 3.0 Prednisone
. DCM + Evidence
Staudt (2001) [203] Randomized crossover IA 12 of myocardial 21.3+1.7 27.0+1.3 3.0 TA and subsequent IgG
to IG . . substitution
inflammation
Weinmann (2017) [204] | Prospective Non-randomized 35 Post-inflammatory 26.7+1.1 40.6+1.8 12.2+1.8 [mmunoadsorption with
¢ ospective o omze CM and HF T T " subsequent IVIG substitution
Weinmann (2019) [205]  Prospective Non-randomized 31 _ DCM patients on 28.040 42.040 305 fmmunoadsorption and
immunosuppression subsequent IVIG
Randomized to :
+
Wojnicz (2001) [206] immunosuppression or 41 DCM + Myocardial 23.8+8.6 39.5+10.7 6.0 Azathioprine + prednisone

placebo

inflammation + HF

DCM: Dilated Cardiomyopathy; EMB: Endomyocardial Biopsy; FuP: Follow up Period; HF: Heart Failure; IA: Immunoadsorption; ICM: Inflammatory Cardiomyopathy; IVIG:
Intravenous Immunoglobulin; LVEF: Left Ventricular Ejection Fraction; MC: Myocarditis
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on the evaluation of the therapeutic efficacy based on the effect of
immunosuppression therapy on cardiac structure and function.

Across all the included studies, there was common inclusion
(diagnosis) criteria for ICM. (a) The confirmation of MC based
on histologic and immunohistochemical evidence of myocardial
inflammation. (b) Evidence of cardiac dysfunction based on LVEF <
40-45%, and (c) The absence of other potentially known aetiologies
of HF such as hypertension, significant coronary disease, valvular
disease, endocrine disease, significant renal disease and drug/alcohol
abuse. Besides diagnosis, other two common requirements for patients’
enrolment was eligibility for immunosuppression therapy. Chronic HF
lasting for more than 6 months that is unresponsive to optimal medical
therapy and the absence of cardiotropic viruses at polymerase chain
reaction analysis, meaning virus-negative MC or ICM.

The most common immunosuppression therapy given to ICM
patients is azathioprine later substituted with prednisone for about
six months. The most common cardiac feature evaluated to determine
therapeutic effectiveness is changes on LVEF between baseline and at
follow-up. The findings reveal that immunosuppression has a beneficial
effect on virus negative ICM patients. The use of immunosuppression
drugs demonstrated significant improvement after six months.
The weighted mean difference (WMD) between pre- and post-
immunosuppression treatment was 13.71% (95% CI: 10.39 to 17.03;
p = 0.000; Figure 3). The safety of immunosuppression could not be
determine since very few studies evaluated the adverse effects of the
drug on the heart or hard clinic endpoint such as death and the need
for cardiac transplantation. Furthermore, upcoming studies should
focus on clarifying the value of immunosuppression as well as evaluate
immunosuppression with placebo or with traditional HF regimens to
determine the independent effect of immunosuppression on cardiac
function.

Discussion

From the data collected, there is some evidence that the use
of immunosuppression therapy in a subset of ICM patients (those
with biopsy-proven virus-negative myocardium and HF symptoms
> 6 months) may lead to short-term improvement (3 to 12 months)

in cardiac function based on echocardiographic findings of a mean
increase of 13 percentage points in LVEE The improvement was
significantly better compared to placebo. The effectiveness of the
therapy in the long-term was demonstrated in two studies suggesting
the short-term benefit persisted in the long term [194,206]. However,
the two studies used immunohistological marker of inflammation
(upregulation of HLA) to diagnose MC, which could explain the long-
term effect of immunosuppression on LV systolic function. The use
of conventional histological biopsy criteria are insensitive and non-
specific for detecting persistence immune damage and may not be
very effective in guiding the use of immunosuppressive therapy. Thus,
at present heart transplantation remains the sole treatment for ICM
patients with HF that can lengthen survival. The data was insufficient to
quantify the effect of immunosuppression therapy on safety — adverse
effects of the drug on cardiac function or heart transplantation free
survival, as well as on therapeutic effectiveness - the rate of mortality,
hospitalization and/or heart transplantation. Additional studies would
be warranted to confirm both the short- and long-term safety and
efficacy of immunosuppression in these patients.

The present meta-analysis only evaluated viral-associated ICM
although the disease has heterogeneous aetiology including fungi,
protozoa and parasites as infectious agents, and toxins and drugs as
non-infectious causes. The use of immunosuppressive therapy in non-
viral aetiologies has not been conclusively demonstrated and its use is
thus not recommended in present clinical guidelines. Viral-associated
ICM progresses in three phases - viral infection, autoimmunity
and inflammatory DCM - that may be separate of chronologically
overlap. Viral invasion may persist into the second and third phases
of the disease and thus can result in HF by ongoing replication with
direct immune mediated injury or by non-infectious transcriptional
expression. Thus, specific diagnostic criteria that incorporated new
techniques including immunohistochemistry, polymerase chain
reaction and in situ hybridization can improve diagnosis as well
as detect the specific phase of the disease, and elucidate effective
treatment for ICM. At present, there is lack of evidence suggesting
that immunosuppression could improve survival in ICM patients. in
an earlier review, immunosuppression therapy has not proved effective
in reducing all-cause death and heart transplantation in patients with
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Figure 3. Forest plot of difference in means of pre- and post-treatment LVEF
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acute MC and HF and the use of immunosuppression is limited to
supportive measures [207].

A recent systematic review and meta-analysis on
immunomodulatory treatment for lymphocytic myocarditis does not
support the use of immunosuppression in traditional lymphocytic
MC patients, since it confer no clinical beneficial value. However, the
analysis reported combined immunosuppression might be beneficial to
a subset of MC and HF patients especially histologically proven virus-
negative MC [208]. Although the included studies reports improvement
in LVEF with the use of immunosuppressive therapy, the results should
be interpreted with caution since 58% of adults with acute MC may
recover spontaneously [209]. The choice of treatment regimen appears
to determine the overall outcome, with different treatment regimens
resulting in different outcomes. The present analysis pooled together
the results of various regimens to provide a valuable insight into the
overall effectiveness of immunosuppressive therapy on ICM patients.
However, a statistically significant treatment outcome of one regimen
may be diluted by the results of a less efficacious regimen. Thus, in
future, a large and long-term clinical trial of a specific regimen should
clarify the effect of individual or a combination of regimen and guide
the selection of the most effective treatment regimen. The time of initial
of therapy and the duration of a combined therapy of prednisone and
azathioprine was not explicitly stated in some studies.

Clinical implications

Until now, no aetiologic-specific treatment for chronic HF
secondary to ICM is available. Treatment largely focuses on guideline-
directed treatment of HF and arrhythmia complemented by supportive
care. Although the modulation of autoimmune response in ICM
caused by maladaptive hyper-immune response to infectious agents
suggest beneficial effects on cardiac function in a subset of patients,
the limited availability of RCTS testing this hypothesis reflects an
immature state of the current clinical evidence. In the course of the
present meta-analysis, 14 trials were included that evaluated the effect
of immunosuppression on a subset of ICM patients with biopsy-proven
virus-negative myocardium and HF symptoms greater than six months.
ICM patients with HF symptoms less than six months were exclude
because of the potential of spontaneous recovery of LV function. Due
to wide heterogeneity of outcomes evaluated in individual studies,
pooled effect of LVEF was assessed a surrogate marker for therapeutic
effectiveness. The data shows that immunosuppression therapy may
be beneficial for ICM patient with virus negative myocardium and HF
symptoms greater than six months. However, future studies should
clarify the long-term efficacy of immunosuppressive therapy in these
patients, as well as other hard clinical endpoints such as hospitalization,
cardiac transplantation and death.

Conclusion

Inflammatory CM is a form of dilated CM characterized by an
inflammation of the myocardium, which is a long-term complication
of myocarditis. Heterogeneity of aetiologic agents ranging from
infectious (virus, fungi, protozoa and parasites) to non-infectious
agents (autoimmune diseases and drugs/toxins) and a wide clinical
presentation ranging from subclinical disease or asymptomatic forms
to severe fulminant disease complicates epidemiology, diagnosis
and management. Moreover, host factors such as genetics, age and
gender may also affect disease manifestation and progression further
complicating diagnosis and management. The major pathophysiologic
mechanisms include invasion by infectious agents, innate immune
response, and cell-mediated immune response. Diagnosis remains a
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challenge because of non-specific signs and symptoms. Although EMB
remains the diagnostic gold standard, its use is reserved for specialized
centres and thus unavailable for routine clinical practice. On cardiac
MRI, the pattern of myocardial injury on T1-weighted and late
gadolinium enhancement (LGE) may suggest MC. Echocardiography
and ECG findings are non-specific although they are useful for the
exclusion of other known aetiologies of HE. Biomarkers of myocardial
inflammation such as troponin are non-specific although are elevated
in acute MC. Finally, ICM lacks specific aetiologic treatment. The
present treatment approaches are based on a combination of guideline
directed HF regimen and supportive care such as immunosuppression.
However, immunosuppressive therapy may have short-term clinical
benefits in terms of the improvement of cardiac function for a subset
of ICM patients with biopsy-proven virus negative myocardium and
HF symptoms greater than six months. However, in these patients, the
long-term treatment safety and effectiveness of immunosuppressive
therapy has not been demonstrated.
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