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Abstract
Dilated cardiomyopathy (DCM), characterized by dilatation of cardiac chambers and systolic dysfunction, is one of the leading causes of severe heart failure (HF) 
and the most common indication for heart transplantation. Despite significant therapeutic improvements, its incidence and mortality is persistently high largely 
attributable to heterogeneous aetiology. Infectious diseases and genetic factors predominate research on the causes of DCM. However, evidence over the past 
two decades reveal distinct autoantibodies or other immune factors in heterogeneous subsets of DCM suggesting the involvement of autoimmune mechanisms 
in the pathogenesis of DCM. Hitherto, accumulated evidence demonstrates abnormalities in cell-mediated immunity such as altered lymphocyte function and 
relative proportion of lymphocytes subsets, activated cytokine system, inappropriate expression of histocompatibility complex on cardiac tissue and the expression of 
adhesion molecules on cardiomyocytes. This evidence suggest a subset of DCM patients is autoimmunity-mediated. This review aims to summarize the contemporary 
understanding of the characteristics of autoimmune cardiomyopathy in humans, proposed pathophysiology mechanisms as well as the ongoing clinical investigations 
that have focused on autoimmunity as a target for therapy. 
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Introduction
The human immune system is an intricate set of cellular, chemical 

and soluble protein mechanisms that shield the body against alien 
substances such as infections and tumour cells without attacking 
self-molecules [1]. However, in the setting of an autoimmune disease 
(AD), the immune system initiates an attack on self-molecules due 
to the deterioration of immunological tolerance to autoreactive 
immune cells [2,3]. Although ADs are relatively uncommon with an 

overall prevalence of 3% to 5% in the general population, their effect 
on mortality and morbidity are clinically significant [4,5]. Genetics, 
infection and/or environmental factors may play an active role in the 
initiation of autoimmune attacks against the body’s self-molecules [6]. 
ADs are an important aetiology of dilated cardiomyopathy (DCM) 
secondary to myocarditis (MC). DCM is defined as the dilatation of 
cardiac chambers leading to the impairment of systolic function [7,8] 
and heart failure (HF) for which the only definitive treatment is cardiac 
transplantation because fibre damage and fibrosis are irreversible 
processes [9]. Other prevalent aetiologies of DCM due to inflammation 
and autoimmune mechanisms are infectious diseases and chronic 
exposure to environmental toxins and/or cytotoxic drugs [10]. The 
present review focuses on ADs as one of the leading aetiologies of 
CM, discusses their involvement in the pathophysiology of CM and 
concludes with a meta-analysis of diagnostic and clinical management 
strategies.

Autoimmune diseases: Typically, ADs develop in the setting of a 
defective function of any features contributing to the non-reactivity 
of the immune system towards self-antigens characterized by high 
concentrations of autoantibodies (AAB) reacting with autoantigens 
(AAG) [9,11,12]. High concentrations of AABs and AAGs play a central 
role in the diagnosis and disease classification as well as are involved 
in tissue damage [12]. Definitionally, AABs are markers of immune 
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response resulting from a variety of stimuli including infections, drugs, 
environmental agents, food and metals, or prior lesions secondary 
to tissue destruction while AAGs are molecules capable of reacting 
with effector arms of a patient’s own immune response [13-17]. AABs 
target a wide spectrum of AAGs located in the organ containing 
the autoimmune lesion. The pathogenesis of AABs depend on its 
activity, accessibility of antigenic targets and actions of the immune 
response effector mechanisms [18]. Although various diseases with 
cardiologic effects such as rheumatic fever, myocarditis (MC), DCM, 
post-pericardiotomy syndromes and collagen disease may exhibit 
immunopathological responses, they do not fall under the typical 
definition of ADs [18]. In patients with CM, a great variety of AABs that 
attack cardiac AAGs may be pathogenic agents or epiphenomena of 
tissue aggression and their presence in biological samples represents an 
important diagnostic marker for illness with pathological significance 
if accompanied by an illness caused by an autoimmune response [18-
22]. Connective tissues, granulomatous and eosinophilic diseases are 
among the most common ADs capable of causing CM [10,23].

Connective tissue diseases: Definitionally, connective tissue 
diseases are disorders characterized by disruptions in the cells and 
matrix that bind together body tissues. These diseases frequently 
involve the joints, muscles and skin, as well as organs and organ system 
such as the heart, lungs, kidney, gastrointestinal (GI) tract, blood vessels 
and eyes [24]. Although more than 200 diseases can affect connective 
tissues, only six have been extensively described as frequent aetiologies 
of CM. These are systemic lupus erythematosus (SLE), rheumatoid 
arthritis, ankylosing spondylitis, scleroderma, dermatomyositis and 
periarteritis [23].

Systemic lupus erythematosus: Systemic lupus erythematosus 
(SLE) is a chronic inflammatory disease characterized by an AABs 
reaction against nuclear and cytoplasmic antigens. The disease is 
more prevalent (> 90%) in women, frequently beginning to manifest 
at childbearing age [25,26]. SLE has a protean presentation with a 
relapsing and remitting course. It can affect almost any organ system 
although it mainly involves the skin, joints, kidneys, blood cells, 
nervous system and the heart [25]. Cardiovascular involvement 
might be rare but remains a long-term concern even after 4 to 20 
years since the initial diagnosis [23]. Despite improvement in therapy, 
cardiovascular mortality remains significant for SLE patients [27,28]. 
A number of cardiac abnormalities may manifest in SLE patients but 
the development of DCM is not a prominent manifestation of the 
natural history of the disease. Global left ventricular (LV) dysfunction, 
segmental LV wall motion abnormalities and right ventricular (RV) 
enlargement affect 5%, 4% and 4% of SLE patients respectively, and 
these complications correlate with disease severity [29].

Patients with SLE are three-fold more likely to be hospitalized with 
newly diagnosed HF compared to healthy controls with the greatest risk 
in women younger than 45 years of age [30]. SLE induces CM and HF 
through atherosclerosis, inflammation, and drug-induced impairments 
[23]. SLE patients have 2- to 10-fold higher risk for myocardial 
infarction (MI) and progressive atherosclerosis compared to healthy 
age-matched controls. Atherosclerosis is the primary cause of HF in 
20% of SLE patients [31]. Co-occurrence of antiphospholipid antibodies 
increases the risk of thrombosis-mediated MI and HF. Diagnosis of 
myocardial inflammation is frequent at autopsy or at endomyocardial 
biopsy (EMB) in greater than 50% of the patients compared to clinical 
detection, which is about 9% [32-34]. Clinical presentation of SLE-
associated MC is often undistinguishable from other forms of MC. 
Treatment for SLE using hydroxychloroquine may cause CM with 

variable impact on mortality [35] and associated pathological findings 
such as progressive bundle branch block and atrioventricular (AV) 
heart block and biventricular hypertrophy [36,37].

Diagnosis of SLE-mediated HF includes a combination of 
electrocardiograph (ECG), standard echocardiography and coronary 
angiography. These tests do not diagnose SLE as the primary aetiology 
and thus may require EMB to delineate SLE as the primary cause. 
However, findings of EMB are often non-specific with myocardial 
lesions characterized by increased interstitial connective tissue and 
myocardial scarring [38]. Depolarization abnormalities on signal-
averaged ECG accompanied by echocardiographic results of abnormal 
LV filling may suggest the presence of myocardial fibrosis and can be 
a marker of subclinical myocardial involvement in SLE patients [38]. 
Cardiac involvement manifests as conduction system abnormalities 
such as complete AV heart block. Cardiac magnetic resonance 
imaging (MRI) and myocardial stain or stain rate can identify early 
manifestations of SLE-induced CM [39,40].

The American College of Cardiology Foundation/American Heart 
Association (ACCF/AHA) recommends that treatment for SLE-induced 
CM and HF should be dependent on the underlying cause mainly 
myocarditis (inflammation), thrombosis or atherosclerosis. Treatment 
for SLE-associated MC should be intravenous methylprednisolone 
followed by a high dose oral prednisone for 1-2 weeks [41]. Small 
studies have also reported the use of intravenous immunoglobulin, 
azathioprine and cyclophosphamide for SLE-related MC [42-44]. 
Treatment for thrombosis and atherosclerosis should be standard 
percutaneous and pharmacological interventions as detailed in other 
guidelines for acute MI [45], and chronic CAD and long-standing HF 
as detailed in the European Society of Cardiology (ESC) HF guidelines 
[46]. Common comorbid diseases such as hypertension should also be 
treated [23].

Rheumatoid arthritis: Rheumatoid arthritis (RA) refers to a 
chronic progressive and disabling autoimmune disease. The disease 
causes inflammation, swelling, and pain in joints and other body 
organs [47]. Cardiac involvement in RA results from the development 
of MC or pericarditis while HF may result from RA medication, MC, 
vasculitis, valvular involvement, progressive atherosclerosis or MI, 
and amyloidosis but the development of CM is rare in RA patients 
with HF [48]. A retrospective study of 172 patients reveals that 
symptomatic cardiac involvement, which includes MC, perimyocarditis 
and pericarditis, affects 7.6% of RA patients [49]. The presence of RA 
increases the risk of HF two-fold compared to non-RA patients followed 
for a prolonged period of 46 years with a significantly greater risk for 
women [50]. The presence of MC and pericarditis are poor prognostic 
markers for RA patients [23]. 

Pathogenic mechanism of myocardial involvement in RA is 
not well documented, although it may result from disturbances in 
the microcirculation with microvasculitis in the absence of ECG 
abnormalities. Although chronic inflammation may contribute to the 
pathogenesis of CM, the mechanisms remain unclear. Elevated serum 
biomarkers such as C-reactive protein, interleukin-6 and tumour 
necrosis factor-alpha suggest the development of HF and mortality 
in a subset of RA patients already diagnosed with HF [51]. In patients 
with RA and HF, the presence of elevated erythrocyte sedimentation 
rate (ESR) levels, RA vasculitis or RA lung disease is an independent 
predictor of worse mortality [23]. 

In addition to specific data on the diagnosis of RA-associated CM 
lacking, RA-mediated HF lacks pathognomonic diagnostic features 
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and diagnosis rests on strong clinical suspicion. Tests for serum 
levels of biomarkers (mainly B-type natriuretic peptides [BNP]), 
echocardiography and angiography to exclude atherosclerosis as an 
intermediate cause may support the diagnosis of RA. Cardiac injury in 
RA patients may present as pericardial effusion, diastolic dysfunction 
and evidence of inflammation on cardiac MRI and nuclear scans [23]. 
EMB may be useful for revealing a diffuse necrotizing or granulomatous 
pattern but is non-specific [52]. Treatment for RA-associated CM 
with signs and symptoms of HF depend on the underlying cause and 
treatment should be according to current ESC and ACCF/AHA HF 
guidelines [46,53]. RA patients with asymptomatic LV dysfunction 
may receive standardized HF medications including angiotensin-
converting-enzyme inhibitor (ACE-I) and beta-blockers according to 
the current updated HF guidelines [46,53]. 

Periarteritis nodosa: Periarteritis Nodosa (PAN) is an acute or 
sub-acute medium-size vessel necrotizing vasculitis mainly involving 
arteries disease affecting patients of any age and prevalent in both 
genders [54]. It is a rare vasculitis often associated with Hepatitis B 
virus (HBV). At present, the incidence of PAN is much lower than 
in the past. In systematic PAN, frequent clinical manifestations often 
involve peripheral nerves, skin, GI tract, heart and kidneys [55]. 
Cardiac involvement is rare but severe and often presages poor clinical 
outcomes. In cardiac involvement, coronary arteries and their branches, 
and the myocardium are more frequent targets than the pericardium 
and endocardium [55]. In a series of 348 patients with PAN, the 
incidence of severe hypertension was 6.9% and CM 7.5% with a higher 
risk in RA patients with HBV [56]. MC is a rare cause of HF in PAN 
patients but with an ominous prognosis [23].  

The diagnosis of PAN lacks pathognomonic features and depends 
on a high level of clinical suspicion. In patients with biopsy-proven 
PAN, there should be a high clinical suspicion with progressive angina 
and deterioration of LV function. Angiography may be useful for 
diagnosis [23]. Early treatment is the best hope for better outcomes [55]. 
Common treatment strategy include aggressive immunosuppression 
with steroids and selective revascularization with possible treatment 
with antiviral agents for co-occurring HBV [23]. Treatment of PAN 
in the absence of HBV requires a combination of corticosteroids and 
cyclophosphamide although sequelae of cardiac involvement may 
occur despite treatment [55].

Scleroderma: Scleroderma refers to an autoimmune disorder 
affecting the skin and many internal organs in the setting of excessive 
production of collagen protein, which normally strengthens and 
supports connective tissues in the body [57]. Scleroderma patients 
exhibit diffuse vascular damage, abnormal activation of the immune 
system and fibrosis of the skin and many internal organs [58]. Fibrosis 
can also affect many internal organs leasing to the impairment or 
failure of the affected organ. Primary cardiac involvement has long 
been recognized as a complication of scleroderma (although frequently 
underdiagnosed) associated with major adverse prognostic impact that 
can be potentially treatable when diagnosed in time [59]. In a systematic 
review of 18 cross-sectional and prospective studies describing 4,854 
patients, the prevalence of cardiac involvement ranged between 7% 
and 39% although there was significant heterogeneity in the definition 
of cardiac disease [60]. Scleroderma portends greater mortality and 
various cardiac manifestations including HF, arrhythmias and diastolic 
dysfunction [60]. 

Limited evidence associates scleroderma-associated CM with poor 
prognostic indicators including diffuse cutaneous disease, positive 
scleroderma-specific serology, older age at disease onset, tendon 

friction runs, abnormal nail fold capillaroscopy, and worse quality of 
life scores [60]. Echocardiographic study reveals no marked differences 
in LV dimensions or fractional shortening but may indicate systolic 
impairment in a majority of patients [61]. The EULAR (the European 
League against Rheumatism) Scleroderma Trials and Research 
(EUSTAR) cohort attributed 26% of fatal scleroderma patients to HF 
[62]. Half of scleroderma patients exhibit a distinctive focal myocardial 
lesion that ranges from band necrosis to replacement fibrosis in the 
absence of structural abnormalities of the coronary arteries. Progressive 
systematic scleroderma can result in conduction abnormalities, 
arrhythmias, HF, angina pectoris and sudden cardiac death (SCD) [23]. 
Cardiac MRI with late gadolinium enhancement (LGE) may be useful 
in characterizing patchy fibrosis and myocardial oedema interspersed 
with normal myocardium [63]. Cardiac dysfunction in systemic 
scleroderma portends an ominous prognosis directly related to the 
degree of myocardial fibrosis [23].

Diagnosis of scleroderma-associated CM lacks a specific definitive 
test and may require a high index of clinical suspicion. Although non-
specific, ECG abnormalities may include AV block and sinus node 
disease, and Holter monitoring may show ventricular arrhythmias 
and atrial fibrillation. Speckle tracking echocardiography imaging 
may be useful in assessing longitudinal strain and demonstrating early 
changes associated with scleroderma HF while cardiac MRI may reveal 
patchy fibrosis [64]. Patients with scleroderma with evidence of skeletal 
myopathy are 2.5 times more likely to develop HF or arrhythmias 
compared to patients without skeletal myopathy [65]. They also are 
more likely to have autoantibodies (anti-PM/Scl antibodies and anti-
ribonucleoprotein antibody) [65]. Although EMB may be useful in 
the diagnosis of acute MC when there is clinical suspicion, it should 
be based on favourable response to intravenous methylprednisolone 
[66]. Clinical management of scleroderma CM and HF is problematic 
because of the lack of a specific treatment regimen. However, careful 
use of vasodilator therapy should be considered because relative 
hypotension might prevent aggressive up-titration of traditional HF 
medication. Autologous stem cell transplantation may be useful but 
usually contraindicated in patients with HF, and routine steroid therapy 
could aggravate the disease [67]. Treatment of concomitant pulmonary 
arterial hypertension may relieve symptoms and heart transplantation 
considered in patients with low systemic burden of scleroderma [68].

Dermatomyositis: Dermatomyositis belongs to idiopathic 
inflammatory myopathy with characteristic cutaneous findings that 
affect both children and adults. The disease includes polymyositis and 
inclusion-body myositis and often affects the joints, oesophagus, the 
lungs and less commonly the heart [69,70]. Although uncommon, 
cardiovascular involvement constitute a major cause of death in 
patients with dermatomyositis. MC maybe silent and possibly under-
diagnosed [71]. The most common cardiac manifestations is HF 
constituting 32-77% of total cardiovascular events in a meta-analysis 
of 1,530 patients [72]. Based on the findings of autopsy studies, other 
common cardiac manifestations including MC (25%), focal fibrosis 
(25%) and skeletal involvement in all cases of HF [73], abnormal ECGs 
(65%) and MC (30%) [74]. Additionally, LV dysfunction secondary to 
MC and arrhythmias particularly conduction abnormalities that may 
lead to third degree AV block whereas syncope are frequent cardiac 
manifestations. Ventricular ectopic beats are frequent but ventricular 
tachycardia (VT) is rare [71]. In addition to be a cause of DCM, a 
case study has associated dermatomyositis with the development of 
restrictive CM in patients with dermatomyositis [75].

Diagnosis of dermatomyositis is not straightforward. Creatine 
kinase isoenzyme and cardiac troponin can be useful as markers of 
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overall disease severity but are non-specific since they can be elevated 
even in the absence of cardiac manifestations of dermatomyositis [76]. 
In these patients, HF can develop even in the absence of systemic 
inflammation. DCM could result from direct mononuclear inflammatory 
cell infiltrates leading to the degeneration of cardiomyocytes or it can 
be a consequence of progressive atherosclerosis or vasculitis leading 
to necrosis [77]. As a result, EMB may detect inflammation, necrosis 
and degenerative changes similar to those observed in skeletal muscles. 
However, EMB is non-specific and thus infrequently used in clinical 
practice. ECG abnormalities may be common but are also non-specific 
[23,71]. 

Although cardiac manifestations could be potentially fatal in 
dermatomyositis patients, the prevalence of cardiac disorders and 
their therapeutic approach is not well established. Based on sporadic 
reports, corticosteroids and immunosuppressive therapies in patients 
with untreated dermatomyositis presenting with MC reduces the size 
of myocardial damage and improves wall hypokinesia [78]. Treatment 
of patients with dermatomyositis often focuses on standard HF therapy. 
Intravenous methylprednisolone may cause some improvement in 
patients with cardiac MRI evidence of early cardiac manifestation of 
dermatomyositis and heart transplantation can be used only rarely in 
patients without significant systemic involvement of dermatomyositis 
[78]. There are no data on therapeutic intervention for patients already 
under treatment or in disease remission. In these cases, the use of ICD 
therapy may prove clinically beneficial [71].

Ankylosing spondylitis: Ankylosing spondylitis (AS) describes a 
chronic, inflammatory and rheumatic disease with a predilection for the 
sacroiliac joint and spine, and less frequently peripheral joints. AS can 
also present with non-joint involvement. The disease most often affects 
young adult males and may lead to spinal vertebrate fusion [79,80]. 
The human leukocyte antigen (HLA)-B27 is present in the majority 
of patients with AS believed to play a role in the pathophysiologic 
manifestations of the disease [81]. Non-joint involvement may present as 
ophthalmological, pulmonary, neurological and cardiac manifestations. 
Cardiac manifestations in AS patients is uncommon, occurring in about 
2-10% of patients [80,81]. Initially in 1936, aortitis was found in a group 
of patients with spondylitis [81]. The presence of aortic valve disease in 
a subgroup of patients with rheumatoid spondylitis was one feature that 
helped to distinguish rheumatoid arthritis and ankylosing spondylitis 
as two distinct diseases [80]. Today, it is widely accepted that AS may 
present not only with aortic pathology but also with conduction defects, 
valvular regurgitation and CM [82,83]. Recognition of these changes 
is important since in many patients cardiac changes may begin prior 
to the onset of clinical symptoms [81]. Cardiac involvement may be 
in the form of aortic insufficiency, aortitis at the ascending aorta, AV 
block or branch block. The most frequently observed complications are 
conduction defects and aortic insufficiency [84,85]. Mitral insufficiency 
is rare but is a potential cause of cardiac failure [86]. 

Myocardial dysfunction observed in AS patients is that of the 
diastolic variety as opposed to systolic. Yildirir et al. [85] found 
significant diastolic dysfunction in AS patients particularly abnormal 
relaxation pattern demonstrated on echocardiography by lower E-wave 
velocity (early diastolic filling), higher A-wave velocity (late diastolic 
filling), and an overall low E/A ratio. Similarly, Gould et al. [87] 
investigated peak filling throughout exercise along with time to achieve 
peak filling during strenuous activity using radionuclide angiography 
and observed a significant reduction in both measures in AS patients 
compared to healthy volunteers. Thus, these findings support an overall 
decrease in compliance suggesting a reduction in diastolic function. 

Inflammatory infiltrates, cytokines, genetic and environmental 
factors may contribute to the aetiology of AS. Chronic, systemic and 
inflammatory states within AS may also cause cardiac and vascular 
pathologies [88]. Cardiovascular mortality increases in AS patients, 
with older age, higher ESR levels and more inflamed peripheral 
joints portends a worse prognosis [84]. The most frequently observed 
symptom in AS patients is chest pain, which may present with atypical 
findings such as having no pain or the presence of cardiac, neurological 
or ischemic extremities [79].

For several decades, the mainstay therapy of AS has been non-
steroidal anti-inflammatory drugs (NSAIDs). Although a recent study 
associated NSAIDs with adverse CVD events [89], another study on 
inflammatory polyarthritis patients taking NSAID failed to demonstrate 
an increased rate of CVD deaths [90]. Similarly, a cohort study in 
Norway reported that increasing the levels of C-reactive proteins, 
delayed AS diagnosis, work disability and infrequent use of NSAISs 
could independently predict the mortality of AS patients suggesting 
that the risk of NSAID treatment might be offset by the benefits of 
inflammation suppression [91]. Tumour necrosis factor-alpha (TNF-α) 
antagonists are an alternative for patients non-responsive or intolerant 
to NSAIDs [92] but should be prescribed with caution to patients 
with HF because of reports of increased mortality and morbidity [93]. 
Nevertheless, TNF-α antagonists reduce CVD events partly because 
they work by suppressing systemic inflammation [94-96].

Granulomatous diseases: Granulomatous diseases comprise a 
large family sharing histological denominator of granuloma formation. 
Granuloma are focal compact collection of inflammatory cells in which 
mononuclear cells predominate (macrophages and their derivatives the 
epithelioid cells), which are evoked by the persistence of poorly- or non-
degradable substances or due to active cell-mediated hypersensitivity 
responses [97]. An overlap of the two mechanisms may occur in most 
infectious diseases because microorganisms can serve as both foreign 
bodies and antigens for immunologic responses [98]. Normally, 
granulomas result from protective mechanisms and form when acute 
inflammatory processes cannot destroy invading agents. Various 
granulomas may contain lymphocytes, sometimes plasma cells, giant 
cells, eosinophils, mast cells and fibroblasts [97]. Based on causative 
agents, granulomas have a diverse aetiology classified into four groups: 
(i) T-cell-mediated immune granulomas formed in response against 
infectious agents; (ii) granulomas with unknown aetiology but with T 
lymphocyte-mediated profile; (iii) foreign body granulomas induced by 
inanimate substances; and (iv) granulomas associated with malignant 
tumours [97]. Granulomatous diseases well known to cause CM in 
humans include sarcoidosis, granulomatosis with polyangiitis and 
granulomatous MC.

Sarcoidosis: Sarcoidosis refers to a multi-system inflammatory 
disease of unknown aetiology characterized by the presence of T 
lymphocytes, mononuclear phagocytes and noncaseating granulomas 
in the affected tissues [99]. Frequently, sarcoidosis involves multiple 
organ systems including the eyes, skin, lungs, lymphatic system and 
the heart. The disease is common among the young and middle-aged 
adults although children and the elderly may also be affected and is 
more prevalent in women than in men [100]. Sarcoidosis is clearly 
an inflammatory disease but genetics environmental exposures and 
infectious diseases may also play a role in its pathogenesis [10]. Cardiac 
involvement occurs in about 20 to 50% of sarcoidosis patients based 
on autopsy series but only a small fraction have clinically recognized 
disease. Following the early stages of sarcoidosis, characterized by 
granulomas inflammation, the majority of the cases are clinically silent 
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and can resolve or progress to end-organ fibrosis [23]. As sarcoidosis 
becomes clinically apparent, incidence of HF, conduction defects, 
and SCD increase [101,102]. Myocardial involvement in patients with 
sarcoidosis is common although the pericardium and endocardium 
can also be involved [103]. Typical features of myocardial involvement 
include conduction defects, VT, aneurysm formation or global systolic 
dysfunction. About 5% of sarcoidosis patients who present with a 
predominant cardiac disease but in the absence of the characteristic 
pulmonary, dermatologic or ocular features [104]. Focus on cardiac 
disease is important since it is among the leading cause of death in 
sarcoidosis patients but which is potentially preventable by the use of 
early and appropriate therapy [23].

Diagnosis of cardiac sarcoidosis lacks a reliable reference standard 
as well as pathognomonic diagnostic features. Its characteristic 
pathological lesion (noncaseating granuloma) can also result from 
various infectious and non-infectious diseases [101,102,104,105]. The 
AHA guidelines on the diagnosis and treatment for specific types of 
DCM recommend that diagnosis of sarcoidosis should depend on 
pathological demonstration of cardiac granulomas or non-invasive 
evidence of cardiac involvement in a patient with pathologically proven 
extra-cardiac sarcoidosis [103]. Initial tests should include detailed 
history, physical examination, ECG and chest radiograph. Common 
ECG abnormalities in patients with sarcoidosis include bundle branch 
block, new AV-block, frequent premature ventricular complexes, VT, 
pathological Q waves and ST-T changes, and a first-degree heart block 
progressing into a complete heart block – observed in patients with 
clinically apparent disease. [104,105]. Although ECG abnormalities 
are non-specific, they should prompt further clinical investigation 
[103]. The presence of cardiac symptoms, ECG abnormalities and/
or cardiomegaly on chest radiograph should prompt also for further 
non-invasive investigation. [23]. Echocardiography is essential to assess 
for ventricular systolic and diastolic dysfunction, and abnormalities in 
wall-motion, wall thickness, and Doppler filling patterns, which are 
frequent findings that suggest cardiac sarcoidosis. Holter monitoring 
is important since 100 ventricular ectopic beats within 24 hours is 
suggestive of sarcoidosis [101]. On cardiac MRI, early enhancement of 
sarcoid granulomas in T2-weighted gadolinium suggests inflammation 
and oedema, while late enhancement suggests fibrotic changes and 
scarring [106-108]. If available, cardiac MRI should be the choice 
imaging modality for patients with sarcoidosis [106,107].

In the clinical management of cardiac sarcoidosis, corticosteroids is 
the mainstay therapy for patients useful for suppressing inflammation 
and granuloma formation. However, there is a paucity of data to support 
the effectiveness of corticosteroid therapy as well as clear guidelines 
on when to initiate therapy [100]. Nevertheless, most experts agree 
that clinicians should consider immunosuppression in symptomatic 
patients with cardiac sarcoidosis with evidence of active myocardial 
inflammation and any of the following: (i) reduced LVEF; (ii) high grade 
AV-block; (iii) frequent premature ventricular contraction or non-
sustained VT; or sustained VT or ventricular fibrillation [100]. Based 
on current evidence, it is uncertain whether asymptomatic patients can 
benefit from corticosteroid therapy [109]. In sarcoidosis patients with 
reduced LVEF, guidelines-directed medical therapy for HF, including 
ACE-I, angiotensin receptor II blockers (ARBs), diuretics, aldosterone 
inhibitors should be initiated. Beta-blockers should be used with 
caution in patients without pacemaker due to increased risk of high 
grave AV-block. Digoxin should be avoided in the acute stage of cardiac 
sarcoidosis due to the risk of heart block and arrhythmias in the setting 
of active myocardial inflammation [23,100]. Catheter radiofrequency 
ablation may be useful in cardiac sarcoidosis patients with VT, and in 

patients who are non-responsive, catheter ablation may be considered. 
In patients with advanced HF, device therapy, mechanical circulatory 
support or heart transplantation may be considered [100].

Granulomatosis with polyangiitis: Granulomatosis with 
polyangiitis (GPA), formerly known as Wegener’s granulomatosis is 
among the rarest but potentially life-threatening systemic necrotizing 
vasculitis predominantly affecting small and medium sized vessels 
[110,111]. The upper and lower respiratory system, systemic vasculitis, 
and necrotizing glomerulonephritis are the characteristic components 
of the disease triad [112]. Overtime, the prevalence has increased 
from 3.0 to 15.7 per 100,000 patients but this increase may simply be 
a reflection of the availability of new and more accurate diagnostic 
modalities and serologic tests [112-114]. GPA can manifest in multiple 
organ systems and presents with a variety of symptoms. Cardiac 
involvement is rarely documented antemortem with an estimated 
incidence of 3.3% to 13% [111,115,116]. Besides increasing incidence 
of GPA, the difference in the incidence may also be due to heterogeneity 
of cohorts, different definitions of cardiac manifestations and different 
diagnostic tools used [117]. 

GPA may involve any portion of the heart with pericarditis, 
myocarditis and conduction system defects being the most frequent. 
Manifestations such as pericarditis due to serositis have been described 
in GPA previously [118-121]. In a study of three GPA patients, Grant 
et al. associated cardiac complications with inflammation secondary 
to ANCA positive vasculitis [122]. However, reports of cases of CM 
with reduced LVEF are infrequent in GPA patients [123]. Necrotizing 
vasculitis or granulomatous inflammation involving the myocardium 
or coronary arteritis may give rise to conduction defects, lethal 
arrhythmias, cardiomyopathies or coronary aneurysms [117]. 
Ventricular arrhythmias triggered by active vasculitis are uncommon 
and rarely reported. Conduction abnormalities, valvular disorders, 
unstable angina secondary to vasculitis and subclinical MC are 
uncommon cardiac manifestation of GPA [123-125]. DCM and HF in 
GPA patients is exceedingly exceptional with only eight cases reported 
in literature since its seminal description by Wegner in 1936 [126-132].

Pathophysiologically, the presence of granulomas and vasculitis 
suggest an exaggerated cellular immune or hypersensitive response 
although its aetiology remains unclear. The preponderance of GPA 
in the respiratory tract suggests inhaled antigens may initiate cellular 
immune response. T cells, monocytes and neutrophils comprise the key 
cellular elements to indicate the combined operation of cell-mediated 
and neutrophil-mediated immune mechanisms [117]. Neutrophils 
are the likely primary mediators of early myocardial injury while 
mononuclear phagocytes and lymphocytes involvement occurs in the 
late phases of vasculitis process. Circulating PR3-ANCAs occur in 70 – 
93% of patients with entreated GPA suggesting the role of AABs in the 
pathogenesis and natural course of GPA [133-136]. The role of genes 
in influencing the susceptibility to GPA has not been well-described 
but major histocompatibility complex alleles or genetic polymorphisms 
may play a role in the pathophysiology of GPA [133,137-139].

Diagnosis of GPA is difficult and often delayed due to a wide range 
of clinical presentations. Typically, GPA is associated with a positive 
antineutrophil cytoplasmic antibody (ANCA) but this is not always the 
case [112]. Fauci et al. [126] proposed diagnostic criteria of GPA based 
on clinical evidence of disease in at least two of the three areas – upper 
airways, lung and kidney – and biopsy results showing disease in at least 
one and preferably two of these organs. Diagnostic criteria established 
by American College of Rheumatology to distinguish GPA from 
other vasculitis: (i) urinary sediment containing red blood cells per 
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high-power field; (ii) abnormal findings on the chest radiograph; (iii) 
oral ulcers or nasal discharge; and (iv) granulomatous inflammation 
on biopsy [140]. Specific diagnosis of GPA-associated CM rests on 
patient’s history, laboratory investigation and non-invasive imaging. 
In a case report, ECG abnormalities included sinus tachycardia with 
T-wave flattening, cardiomegaly on chest x-ray examination, elevated 
cardiac troponin; on echocardiography a severe dilated CM with 
severely reduced LVEF; and on cardiac MRI, multiple foci of delayed 
enhancement typical of myocardial necrosis and scarring. The presence 
of a positive ANCA usually confirms the diagnosis of GPA [141].

Prior to the advent of effective therapy, mean survival among 
patients with untreated active GPA was < 6 months and > 80% died 
within three years of onset of symptoms [142,143]. Corticosteroids 
ameliorated many of the inflammatory manifestations of GPA although 
it only resulted in modest improvement in survival (a mean survival of 
only 12 months) [144]. Studies in the 1970s investigating a dual therapy 
of cyclophosphamide and corticosteroids (tapered and discontinued 6-9 
months) significantly improved the prognosis of GPA [126,143,145]. 
The dual therapy reduced 5-year mortality rates to < 15%, relapses noted 
in 30-70% of patients by re-introduction of therapy is often effective 
[146,147]. However, sequelae of vasculitis such as cerebrovascular, 
MI, renal failure and hypertension, or cyclophosphamide-associated 
complications such as opportunistic infections and neoplasms 
contributed to the late mortality and morbidity [148-150].

Other inflammatory diseases

Giant cell myocarditis: Giant cell myocarditis (GCM) is a rare 
cardiac disease characterized by severe myocardial inflammation. Early 
data on GCM documented in case reports and case series before the 
advent of heart transplantation and sophisticated immunosuppressive 
therapy reveal that in a majority of patients with GPA, diagnosis was 
made at autopsy because of a sudden onset and rapid deterioration of 
GCM. Typically, GCM affects the young (mean age 40 years) and about 
20% have a history of autoimmune disorders [152,153]. A majority 
of patients present with acute HF and 50% will have refractory VT 
during the course of GDM. Patients may also present with varying 
extent of heart block. GCM has an ominous prognosis with median 
survival of period of approximately three months for patients without 
heart transplant or immunosuppression [152]. While the aetiology 
of GCM remains not fully elucidated, current evidence suggests it 
may arise due to immune dysregulation mediated by T lymphocytes. 
Rats immunized with cardiac myosin developed GCM [154] and 
gene analysis of GCM patients reveal increased immune response, in 
particular an upregulation of chemokines involved in the activation of 
Th1 cells [155]. Furthermore, GCM patients do not exhibit significant 
presence of cardiac AABs as observed in lymphocytic MC suggesting an 
autoimmune response dominated by T cells rather than B cells, which 
is consistent with a positive therapeutic response to T-cell directed 
immunosuppression [156]. 

Since giant cells are the key characteristics feature of GCM, 
differential diagnosis of GCM includes other myocardial lesions 
containing giant cells such as infectious diseases, systemic 
granulomatous processes and foreign body giant cell reaction, 
foremost among these diseases are cardiac sarcoidosis and fulminant 
lymphocytic MC [157]. In contrast to GCM, cardiac sarcoidosis is 
characterized by tight non-necrotizing granulomas that often have 
central multinucleated giant cells [158,159]. The diagnosis of GCM 
rests on histological tests and EMB, which is frequently made at post-
mortem or from an explanted heart. Typical histological findings 

include serpiginous necrosis, characteristic multinucleated giant cells, 
and a mixed inflammatory infiltrate of lymphocytes, histocytes and 
frequently eosinophils [10]. If clinical suspicion is high despite a negative 
initial EMB and imaging studies or other clinical findings strongly 
suggest GCM, a repeat EMB is advisable, which improves diagnostic 
accuracy from sensitivity from 68% to 93% in one study [153]. EMB 
is useful in confirming diagnosis of MC and identifies the underlying 
aetiology and the type of inflammation – giant cell, eosinophilic MC 
or sarcoidosis [160]. Standard 12-lead ECG should be performed on 
all patients suspected of having GCM. EGC abnormalities are often 
abnormal in MC although they are neither specific nor sensitive. AV 
block accompanied by mild LV dilatation can be due to various causes 
including laminopathy but it may suggest GCM, cardiac sarcoidosis 
or Lyme disease [160]. Echocardiography is useful to exclude non-
inflammatory cardiac causes such as valvular disease and to monitor 
changes in cardiac chamber size, wall thickness, ventricular function 
and pericardial effusions [161].

In the absence of appropriate therapy, the median survival 
from the onset of GCM symptoms to death or transplant is only 
three months [158]. Immunosuppression therapy with steroids 
alone appears to provide no survival advantage although steroids 
in combination with additional immunosuppression therapy may 
improve survival but the optimal regimen is unknown [152]. The 
short-term use of muromonab-CD3 (a monoclonal antibody 
that binds to the T-cell receptor-CD3 complex on circulating T 
cells) followed by long-term cyclosporine and steroids leads to 
high one-year survival [156]. Clinical use of corticosteroid in 
addition to rabbit antithymocyte globulin also has had success in 
a small case series of GCM patients [162]. The use of multidrug 
immunosuppression, consisting predominantly of azathioprine, 
cyclosporine, and prednisone without T-cell depletion improves 
survival compared with historical controls with a five-year 
transplant-free survival of 52%. This survival is however inferior 
to long-term survival of patients without heart transplantation, 
with more than half of the surviving patients experiencing ongoing 
ventricular arrhythmias [153]. GCM patients are also more likely 
to require mechanical circulatory support often bi-ventricular as a 
bridge to transplantation compared with DCM patients [163,164]. 
In GCM patients who have undergone heart transplant, GCM may 
recur in 26% of patients after transplant [152].

Hypersensitivity myocarditis: Hypersensitive MC is a form 
of eosinophilic MC that is typically drug or vaccine related. It is 
rare, accounting for less than one percent of total unexplained 
cardiomyopathies [165]. The disease has a higher incidence in 
explanted heart of patients undergoing heart transplant but the high 
incidence may be explained by the use of dobutamine to bridge patients 
to transplant supported by multiple reports demonstrating dobutamine 
can cause drug-related eosinophilic CM [166,167]. Numerous drugs 
can be aetiologic agents of hypersensitivity MC and the disorder is often 
transient related to the inciting drug. In rare cases, MC can develop 
several years since the initiation of the inciting drug [168]. Clinical 
manifestations may be non-specific and the diagnosis is seldom 
suspected or established during life. Cardiac biopsy has a reasonably 
high yield in patients suspected of hypersensitive MC with eosinophilia 
although it may be also due to sampling error [165]. The ACCF/AHA 
and ESC scientific statement on the role of EMB in the management of 
CVD recommends EMB for patients with suspected allergic reaction 
or eosinophilia [169]. Peripheral eosinophilia accompanied by cardiac 
signs should raise suspicion, which is usually absent in the early stages 
of the disease. Treatment should target identifying and stopping the 
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inciting agent and if possible, corticosteroids may be beneficial [10]. 
Smallpox vaccine may also cause myopericarditis with an eosinophilic 
and lymphocytic infiltrate and more than 10% of the patients will 
exhibit cardiac symptoms if chest pain, palpitations and dyspnoea 
within 30 days of vaccination, 0.4% will be diagnosed with clinical MC 
or pericarditis and 2-3% will have subclinical MC defined by elevated 
cardiac troponin serum levels [170,171].

Kawasaki disease: Kawasaki disease is the leading cause of 
acquired heart disease in children in developed countries [172]. 
Typically, Kawasaki disease affects infants and children under the age of 
five years as an acute febrile self-limiting mucocutaneous lymph node 
syndrome with multisystemic vasculitis [173-175]. Initially described 
in Japan in 1967 and reported in English in 1974, since then more than 
116,000 cases have been reported in Japan although the disease is now 
known to have a worldwide distribution [175]. A subset of patients will 
go on to develop permanent damage to the arterial wall, valve leaflets 
and myocardium. The acute phase of the disease is self-limiting and 
diagnosis may be missed. If untreated, Kawasaki disease can lead to 
coronary aneurysm in 25% of the patients [176]. Patients experiencing 
coronary injury may develop thrombosis or stenotic lesions associated 
with aneurysms and are at a higher risk of myocardial infarction, SCD 
and HF [177,178].

Pathologic changes in the myocardium due to injury during the 
acute inflammatory phase have been previously reported as well as late 
complications such as residual injury from the acute vasculitis and MC 
[179]. In a study of the natural history of Kawasaki disease involving 
594 Japanese subjects 10-12 years after disease onset, the reported long-
term complications included stenosis, myocardial infarction, and death. 
Other case series report both symptomatic and asymptomatic coronary 
artery occlusion in regions of previous aneurysms [180,181], coronary 
artery stenosis [182], coronary artery calcification [183], diastolic 
dysfunction [184], and sudden death [185]. Diffuse MC followed by 
myocardial fibrosis may result in systolic and diastolic dysfunction in 
a subset of patients [186-189]. In the acute phase, tissue Doppler may 
reveal abnormal relaxation patterns associated with elevated levels 
of BNPs [187]. Decreased ventricular contractility and abnormal 
relaxation may result from antecedent myocardial inflammation and 
late-onset ventricular arrhythmias and HF [179,188].

Pathophysiology: Autoimmune CM has long been associated 
with and researched as an underlying aetiology of idiopathic DCM 
(iDCM). Ideally, AD is an umbrella term encompassing almost endless 
aetiologies and clinical presentations. Despite this diversity, ADs share 
many common clinical and pathological characteristics, which may 
include association with systemic and organ-specific inflammation, 
infections by microorganisms, genetic predisposition and correlation 
with specific human leukocyte antigen (HLA) subtypes [190].

Genetic predisposition: Genetic polymorphisms may predispose 
an individual to the development of ADs. The location of these 
polymorphisms are genes of proteins that regulate immune response 
such as major histocompatibility, complex proteins, immunoglobulins 
and T-cell receptor genes, and proteins involved in the metabolism 
of drugs, chemicals and antigens as well as within structural proteins 
themselves [190,191]. The exact genetic changes predisposing an 
individual towards an AD remain unidentified but comparison between 
concordance rates of AD in monozygotic twins and the rates of these 
ADs in the general population indicates that genetic factors may play 
a significant role in the development of ADs [192,193]. In addition to 
some of genetic predisposition involving unidentified mutations of 
sarcolemmal structural proteins such as lamin A/C, there appears to be 

a genetically derived propensity for ADs. Patients with iDCM are more 
likely to have another AD when compared to the general population 
and have a greater incidence of ADs such as psoriasis, thyroid disease, 
rheumatic arthritis and haemolytic anaemia in close family members of 
patients with iDCM [194].

HLA specificity: Human leukocyte antigen (HLA) genes, the 
human form of major histocompatibility complex (MHC) are among 
the most polymorphic genes in humans as well as the corresponding 
<MHC genes are in most mammals [9]. Evidenced based on familial 
prevalence and HLA distribution study, and validation study and a 
meta-analysis of published studies on HLA association links iDCM, and 
the HLA-DR4 and HLA-DQ4/6 subtypes. These HLA subtypes have 
a higher prevalence of 27% to 50% in patients with iDCM compared 
to 6% to 21% in non-DCM controls [195,196]. Both the HLA-DR and 
HLA-DQ subtypes are MHC class II proteins. After processing, these 
MHC class II proteins interact exclusively with CD4+ T-helper cells, 
whose primary mechanism of immunologic retaliation is the cytokine 
dependent activation of B-lymphocytes. Numerous cardiac-specific 
AABs have also been associated with iDCM [190].

Cardiac-specific AABs: Depending on the screening techniques 
used and type, the prevalence of cardiac specific AABs (mainly alpha 
myosin, beta1-adrenoreceptor, and cardiac troponin AABs) in patients 
with idiopathic is as high as 65% to 70%, many of which demonstrate 
significant pathologic potential [197-201]. 

α-myosin: AABs specific for α-myosin are formed through 
molecular mimicry of an infectious pathogen (mostly bacterial and 
virus) as well as are found in mice models of MC created by immunizing 
mice with α-myosin to mimic necrotic release of this protein. These 
α -myosin AABs contain epitopes responsible for producing the 
inflammatory response in murine model of MC [202] and occur in 
23% to 66% of iDCM compared to 0.0% to 2.5% in healthy controls 
and their presence correlates with worsening LV systolic function and 
increased diastolic stiffness [197]. The persistence of α-myosin AABs 
correlates with increased serum levels of cardiac troponin to suggest 
persistent myocardial injury [203]. Recent evidence demonstrates 
α-myosin AABs cross-react with cell surface β-adrenoceptor to induce 
cyclic adenosine monophosphate-dependent phosphokinase-A activity 
[204]. Antibody-mediated activation of β-adrenoceptor induces 
cardiomyocyte apoptosis [205].

β1-Adrenoreceptor: β1-adrenoreceptor AABs are also formed 
through molecular mimicry of an infectious pathogen – specifically, 
AABs to a ribosomal protein of T. cruzi (Chagas disease) cross reacting 
with the second extracellular domain of the ß1-adrenoreceptor [206]. 
However, a majority of individuals with β1-adrenoreceptor AABs have 
not been infected with T. cruzi to suggest other mechanisms may 
underlie the production of β1-adrenoreceptor AABs. β1-adrenoreceptor 
AABs induces a dose-dependent increase in the rate of cardiomyocyte 
apoptosis, attenuated by the PKA inhibitor and the β selective 
antagonist metoprolol [205]. β1-adrenoreceptor occur in approximately 
26% to 46% of patients with iDCM compared to 1% to 10% of healthy 
controls, and their presence correlates with cardiac specific morbidity 
and mortality [198,207-209]. Over a 10-year period, the presence of 
β1-adrenoreceptor has been shown to be an independent predictor 
of increased risk of all-cause and cardiovascular mortality [198] as 
well as is associated with depressed myocardial function and a higher 
incidence of SCD [201,204].

Cardiac troponin I: Nearly 50% of patients with severe iDCM 
exhibit increased serum levels of cardiac troponin [210]. Increased 
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release of troponin may induce the formation of cardiac-specific 
AABs. Immunization of mice with cardiac troponin-I induced the 
formation of AABs, and the introduction of these AABs into healthy 
animals resulted in CM [211]. Although the same findings could not be 
produced by cardiac troponin, it could be explained by the location of 
cardiac troponin within cardiomyocytes whereas cardiac troponin-I on 
the outer cell membrane enabling it to interact with circulating AABs 
or lymphocytes [211,212]. A Japanese study evaluating the mechanism 
of cardiac troponin-I AABs induced myocardial damage reported that 
cardiac troponin-I AABs chronically increased L-type Ca2+ current 
via PKA-independent mechanism [212]. However, isolated cardiac 
troponin-I AABs from humans applied to culture rats myocytes did 
not induced any effect on Ca2+ currents nor binding to the cell surface 
[213].

Other cardia-specific AABs: Other cardiac-specific AABs 
include AABs specific for the sarcolemmal Na-K-ATPase, which is an 
independent predictor of poor systolic function, VT and SCD [214]. 
AABs specific M2-muscarinic acetylcholine receptor, which has been 
associated with a greater incidence of atrial fibrillation [199].  However, 
these findings may be inconclusive because of the small numbers of 
patients with these AABs and reported events in these studies, which 
warrants further work to fully evaluate their pathological potential.

Cellular autoimmunity: While research on humoral autoimmunity 
in iDCM patients has a disproportionate focus, there is only a paucity of 
information on cellular autoimmunity response. A CD4+ T lymphocyte 
response is an essential component in the production of antibodies. If 
the disease is infectious (viral), CD4+ is needed for the clearance of 
viral pathogens [190]. The involvement of CD4+ and CD8+ in the 
pathogenesis of iDCM lacks definitive evidence. However, indirect 
evidence such as histologic evaluation of endomyocardial biopsies 
of iDCM patients consistently reveal both CD4+ and CD8+ T-cell 
infiltrates [215,216]. In addition, injecting mice with lymphocytes from 
iDCM patients leads to the mice developing myocardial fibrosis and 
increased LV end-diastolic dimension, consistent with pathological 
changes in DCM [217].

Pathophysiologic mechanisms: The initiation of ADs occurs in the 
setting of a broken-down immune self-tolerance within a genetically 
susceptible environment [1]. In patients with iDCM, this breakdown 
in self-tolerance results from disease-associated necrotic release of 
immunologically sequestered cardiomyocyte proteins or by viral 
infection [218]. The breakdown typically manifests via four major 
pathways: (i) modification or release of immunologically sequestered 
proteins; (ii) polyclonal activation of lymphocytes; (iii) activation 
of resting T-cells via release of cytokines; or (iv) molecular mimicry 
[219]. The breakdown in self-tolerance may produce T-lymphocyte-
mediated cellular autoimmune response and B-lymphocyte mediated 
humoral autoimmune response [218,219]. In T-lymphocyte mediated 
autoimmune response, cytotoxic CD8+ T-lymphocyte triggers the 
production of cytotoxic agents and subsequently induces apoptosis 
[220]. The activated cytotoxic CD8+ T-cells produce proliferative 
cytokines such as interlukin-2, resulting in expansion of the autoreactive 
clone and propagation of the autoimmune response. On the other hand, 
B-lymphocyte mediated autoimmune response, cellular antigens are 
processes by antigen presenting cells (macrophages, dendritic cells) and 
presented to CD4+ T cells, which subsequently active B-lymphocytes 
and induce the production of AABs specific to the self-antigen [221]. 
These AABs may be an inconsequential side-product of a cell-mediated 
autoimmune response or they may have directed deleterious effects on 
the cell of origin as in iDCM, in which the AABs response would also 
be responsible for propagation of the autoimmune response [219].

Meta-analysis of diagnosis and treatment: Autoimmune CM 
lacks specific diagnostic criteria and treatment strategies mainly 
because the disease has numerous aetiologies and a wide spectrum 
of clinical presentations that are non-specific [190]. Nevertheless, 
autoimmune CM shares several key clinicopathologic features that 
have a direct relevance to diagnosis and clinical management. The 
Systemic Lupus International Collaborating Clinics recommends 
the diagnosis of autoimmune CM should be by exclusion especially 
ruling out ischemic aetiology. Key diagnosis tests include (i) coronary 
angiography to exclude atherosclerosis, and (ii) echocardiography 
to assess cardiac function and structure in patients with signs and 
symptoms of HF [222]. The AHA scientific statement on treatment 
of different types of DCM recommends the first-line treatment for 
autoimmune conditions in patients with signs and symptoms of 
HF is immune modulating therapy that has no cardiotoxic effects. 
For patients with systolic HF, AHA recommends guideline-directed 
medical and device therapies and targeted treatment for patients 
with co-morbidities such as hypertension [23]. However, the current 
basis of diagnostic and treatment strategies for autoimmune CM is 
evidence-based strategies developed for iDCM and/or MC. Evidence 
specific for autoimmune CM is sporadic and largely derived from case 
reports and series, and non-randomized prospective and retrospective 
cohort studies. This meta-analysis therefore seeks to pool together 
published evidence on diagnosis and treatment of autoimmune CM 
to determine the most common clinical features, their evaluation and 
treatment strategies.

A PubMed search using a combination of the following keywords: 
“autoimmune disease”, “autoimmune cardiomyopathy”, “inflammatory 
cardiomyopathy”, “diagnosis” and “treatment” yielded two hundred 
and thirty-four (234) articles. Of these, 22 articles were included as 
highly relevant to this systematic review and meta-analysis. Articles 
published between 2000 and 2019 were included in this review, the 
period consistent with an era of increased research effort in the role of 
autoimmunity in the pathogenesis of CM. The included articles were 
limited to cases of diagnosis and clinical management of autoimmune 
CM. Excluded articles were case series, conference papers, review 
articles and studies with insufficient information to satisfy the aim of 
this review. Categorical data was presented as frequency and percentage, 
continuous variables as event rate and 95% confidence intervals (CI), 
and dichotomous data as weighted mean difference and 95% CI. The I2 
statistics was used to quantify the percentage of total variation across 
studies that is not due to chance. Fixed effect model was used when I2 ≥ 
50% while random effect model was used when I2 < 50% and a p-value 
of < 0.05 was considered statistically significant (Table 1). 

Findings

Twenty-two (22) studies published between 1995 and 2019 
investigating autoimmune diseases with cardiac involvement were 
included in the present review [223-244]. The studies consisted of 
fifteen (15) prospective studies [223,226-229,231-237,239,240,243], 
six (6) cross-sectional studies [225,230,238,241,242,244] and one (1) 
retrospective study [224] (Table 1). In total, the 22 studies enrolled 
4,385 patients comprising of a greater majority of women (n = 3,195; 
73%) and mean age 43 years range 26-59. Except one study [224] 
that enrolled 41 cardiac sarcoidosis patients (0.09%) (Granulomatous 
disease), all the remaining 21 enrolled 4,344 patients (99.01%) with 
CTDs (SLE, RA and AS). Two studies enrolled SLE and RA patients 
[230,233] and each patient group was analysed separately. The mean 
duration of the disease was 10.18 years, range 4.1 to 24.3 years. The 
most common diagnostic test used in 13 studies each were ECG 
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Author [Ref #] Year Design No. Women 
(n) Age (SD) Cause Test A summary of the main findings

Tlustochowicz 
[223] 1995 Prospective 70 53 56.7 

(11.2) RA ECG Cardiac arrhythmias occur in 50% of RAs patients and is independent of 
disease progression and type of treatment.

Chapelon-Abric 
[224] 2004 Retrospective 41 18 38 CS ECG, echo ECG is abnormal in 68% consisting of conduction disturbances (43%) and 

arrhythmias (46%), and echo is abnormal in 77%.
Forsblad-d’Elia 

[225] 2013 Cross-sectional 210 90 49 (13) AS ECG Cardiac conduction abnormalities occur in 10-33% of patients with AS 
depending on the diagnostic criteria.

Touma [226] 2013 Prospective 274 243 47.7 
(14.0) SLE ECG ECG abnormalities occur in 40.5%: ST-T changes in 19.7%, LVH in 9.9%, 

BBB in 4.7% and pathological Q waves in 6.2%.

Bacani [227] 2015 Prospective 813 556 55.9 
(15.7) RA ECG AF occurs in 4% of RA patients with a higher cumulative incidence (18.3%) 

after adjusting for age, sex, smoking, and hypertension.
Bourre‐Tessier 

[228] 2015 Prospective 779 687 35.2 
(13.8) SLE ECG Common ECG abnormalities – ST-T changes (30.9%), LVH (5.4%), 

arrhythmias (1.3%), and QTc ≥140 msec (15.3%)

Chauhan [229] 2015 Prospective 518 354 58.5 
(15.1) RA ECG

Elevated risk of QTC prolongation – at index date 15% and cumulative 
incidence after 20 years 46%, with marginal association with all-cause 
mortality.

Geraldino-Pardilla 
[230] 2016 Cross-sectional 50 46 36.0 

(13.0) SLE ECG Longer QTc (by 26ms) and 3.3 fold higher prevalence of non-specific ST-T 
changes (56% vs. 17%) in SLE than RA patients

139 85 59.0 (8.0) RA ECG

Masooleh [231] 2016 Prospective 100 77 49.74 
(11.56) RA ECG, echo

ECG abnormalities occurred in 32%, ST-T changes was the most common 
(15%). Echo abnormalities occurred in 74%, pericardial (47%) and ventricular 
dysfunction (45%) being the most common.

Al Rayes [232] 2017 Prospective 487 390 30.5 
(11.9) SLE ECG High prevalence (24.2%) of ECG abnormalities supporting the need for early 

identification of ECG changes 

El-Monem [233] 2019 Prospective 30 27 37.9 (6.5) RA ECG ECG changes were present in 33.3% of RA patients consisting of ST-T 
changes (23%), and LVH (10%), and in 90% of patients using steroids.

30 28 34.7 (7.9) SLE ECG ECG changes were present in 10% of SLE patients, consisting of ST-T 
changes (66.7%) and LBBB (33.3%)

Di Franco [234] 2000 Prospective 32 28 50 (10) RA Echo
RA patients have LV filling abnormalities characterized by reduced E/A ratio 
(1.16±0.31) compared to controls (1.37±0.32) and raised pulmonary venous 
flow ratio (1.43±0.4 vs. 1.22±0.29)

Guedes [235] 2001 Prospective 30 26 57.8 
(15.1) RA ECG, Echo Cardiac involvement of the MR is extremely common (80%) in RA patients 

compared to controls (37%).

Hameed [236] 2007 Prospective 48 44 26 SLE Echo Echo abnormalities were present in 58.3% of RA patients involving pericardial 
(57%), valvular (43%) and myocardial (43%)

Allam [237] 2013 Prospective 50 50 26.82 
(6.96) SLE Echo Tissue Doppler velocities are a sensitive tool in detecting early myocardial 

dysfunction when 2D echo findings are normal

Bakhoum [238] 2015 Cross-sectional 50 47 28.5 (8.5) SLE Echo Medial and lateral mitral annulus velocities are significantly lower. Global 
longitudinal and circumferential were significantly lower

Klingberg [239] 2015 Prospective 187 82 59.0 
(11.3) RA Echo 18% had aortic regurgitation and 13% had conduction system abnormalities 

associated with disease duration and patient’s age.

Yazici [240] 2015 Prospective 200 45 57.12 
(12.08) RA Echo 6% had systolic dysfunction, 4,5 pericardial infusion, 8.5% valvular 

dysfunction, 68.1% diastolic dysfunction.

Mathew [241] 2017 Cross-sectional 99 90 36.6 
(10.7)

RA=55; 
SLE=32; 
CTD=12 

ECG, echo, 
chest x-ray

ECG abnormalities were present in 27% of patients (sinus bradycardia/
tachycardia, ST-T changes) and  echo abnormalities in 32 % and cardiomegaly 
in 10%

Hannawi [242] 2018 Cross-sectional 39 34 NR RA Echo RA patients have a higher LVED and LEVSD and greater LV mass index 
compared to healthy controls (p < 0.05).

Mohammed [243] 2018 Prospective 50 44 27.7 (8.5) SLE Echo High frequency of mitral (64%), aortic (22%) and tricuspid (24%) 
regurgitation, and pericardial effusion (22%), and LVH (10%)

Mohamed [244] 2019 Cross-sectional 59 51 31.3 
(10.5) SLE Echo Mitral (33.9%) and tricuspid (32.2%) regurgitation, and pericardial effusion 

(13.6%),

Table 1. Summary of included studies (E/A: Ratio between peak early (E), and late (A) myocardial diastolic velocities; ECG: Electrocardiogram; Echo: Echocardiograph; LAD: 
Left Atrial Diameter; LV: Left Ventricular; LVEDD: Left Ventricular End-Diastolic Diameter; LVESD: Left Ventricular End-Systolic Diameter; PWT: Posterior Wall Thickness; RA: 
Rheumatoid Arthritis; SLE: Systemic Lupus Erythematosus; STE: Speckle Tracking Echocardiography; SWT: Septal Wall Thickness; TDI: Tissue Doppler Imaging; TTE: Transthoracic 
Echocardiography)

[223-233,235,241] and echocardiography [224,231, 234-244], and less 
commonly chest x-ray in used in two studies [235,241].

ECG is a routine test recommended for all patients suspected 
with CM. In a pooled analysis of eight studies [223,224,226,227,23
1,231,233,241] ECG abnormalities were present in 433 out of 1,944 
patients translating into an event rate of 31.8% (95% CI: 17.6% to 
50.4%) (Figure 1). The most common ECG abnormality was ST-T 
changes present in 516 of 2,450 patients with an event rate (ER) 
of 18.8% (95% CI: 13.7% to 25.4%; p = 0.000) pooled from nine 
(9) studies [224,226,228-234] (Figure 2). LVH was common in 156 

out of 2,161 translating into an incidence of 7.5% (95% CI: 6.4% to 
8.7%; p = 0.000) (Figure 3). Other ECG abnormalities included BBB 
present in 138/1,471 patients (ER: 5.7%; 95% CI: 3.2% to 9.9%) 
pooled from nine (9) studies [224,225,226,228,229,231,232,233,2
34] (Figure 4), and arrhythmias present in 175/2,635 patients (ER: 
5.0%; 95% CI: 2.6% to 9.4%; p = 0.000 pooled from six (6) studies 
[224-229] (Figure 5).

Transthoracic echocardiography (TTE) and tissue Doppler 
imaging (TDI) were the most common non-invasive modality used 
for assessing abnormalities in cardiac structure and function. In five 



Albakri A (2019) Autoimmune cardiomyopathy: A review and pooled analysis of pathophysiology, diagnosis and clinical management

Med Clin Arch, 2019          doi: 10.15761/MCA.1000154  Volume 3: 10-21

Figure 1. Forest plot for event rate for overall ECG abnormalities

Figure 2. Forest plot for event rate for ST-T changes

Figure 3. Forest plot for event rate for LVH



Albakri A (2019) Autoimmune cardiomyopathy: A review and pooled analysis of pathophysiology, diagnosis and clinical management

Med Clin Arch, 2019          doi: 10.15761/MCA.1000154  Volume 3: 11-21

Figure 4. Forest plot for event rate for bundle branch block

Figure 5. Forest plot for event rate for arrhythmia

studies [224,235,236,241,244], echocardiography abnormalities were 
present in 152/277 patients translating into an event rate of 63.6% 
(95% CI: 43.0% to 80.1%) (Figure 6). The most frequently observed 
changes compared to control group were significantly reduced E/A 
ratio, (weighted mean difference [WMD] -0.156; 95% CI: -0.264 
to -0.049; p = 0.004) (Figure 7); and significantly increased LVESD 
(WMD: 2.15; 95% CI: 0.52 to 4.61; p= 0.001) (Figure 8); and LVEDD 
(WMD 2.57; 95% CI: 0.52 to 4.61; p= 0.01) (Figure 9) pooled from 
three studies [234,237,238]. TDI also showed a slight but significant 
(p<0.05) decrease in LV septal wall thickness (SWT) and posterior 
wall thickness (PWT) [237,238]. When standard echocardiography 
is inconclusive, speckle tracking echocardiography (STE) can reveal 
significant subclinical changes in cardiac function in septum and 
lateral mitral annulus (p < 0.05) [237] and in global longitudinal 
strain (GLS) and global circumferential strain (GCS; p < 0.001) [238].

Discussion
Numerous diseases capable of causing autoimmune CM 

and marked differences in the type and frequency of myocardial 
involvement render the development of a general diagnostic 
algorithm and treatment strategy too cumbersome to be clinically 
useful. Consequently, it is a common practice for current consensus 

guidelines for autoimmune CMs to adopt a disease-specific approach. 
Despite numerous aetiology, autoimmune CMs shares several 
general characteristics and pathophysiologic mechanisms whose 
understanding would be clinically helpful to raise the clinical suspicion 
of the disease as well as refine clinical management. In the present 
meta-analysis, it was apparent that studies specific to autoimmune 
CM are lacking with a greater majority enrolling ADs patients with 
cardiac involvement that includes pericarditis and valvular diseases. 
Moreover, much evidence regarding autoimmune CMs come from 
studies on CTDs, with fewer studies focussing on granulomatous 
or inflammatory diseases. The studies included in the present meta-
analysis provide an important insight into the general diagnostic and 
treatment features of patients suspected to have autoimmune CM.

Diagnosis

The present analysis lacked sufficient data for a pooled analysis of 
clinical signs and symptoms. Generally, early diagnosis of autoimmune 
CM is challenging because of non-specific clinical signs and symptoms. 
However, clinical signs and symptoms such as unexplained dyspnoea, 
palpitations, chest pain, syncope, arrhythmia, HF aborted SCD and 
cardiogenic shock may be helpful to raise clinical suspicion of the 
disease [241]. In many ADs, coronary artery disease (CAD) and 
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Figure 6. Forest plot for event rate for echo abnormalities

Figure 7. Forest plot for difference in means for E/A ratio

Figure 8. Forest plot for difference in means for LVESD
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coronary microvascular dysfunction may contribute to cardiac signs 
and symptoms and thus excluding ischemic aetiology is an important 
initial test. Elevated cardiac biomarkers such as troponin and/or NT-
pro-BNP may indicate myocardial involvement irrespective of the 
aetiology. However, cardiac biomarkers are non-specific since troponin 
may be increased in extra cardiac disease such as pulmonary embolism 
and MC may occur in the absence of troponin. Nevertheless, disease 
specific biomarkers such as AABs are available for various ADs and 
form part of multi-parametric diagnostic criteria, but up to now, it 
remains unknown whether cardiac biomarkers have an association 
with MC [245]. Clinical signs and symptoms, and cardiac biomarkers 
form part of patient selection in the included studies but the data was 
insufficient to support a pooled analysis and thus the focus was on ECG 
and echocardiographic evaluation.

Generally, ECG is a routine test recommended for initial 
diagnosis of heart disease and echocardiographic is a common 
non-invasive imaging test for abnormalities in cardiac structure 
and function. The present findings reveal a high prevalence of ECG 
and echo abnormalities in 31% and 64% respectively of patients 
with autoimmune CMs. Common ECG abnormalities include 
ST-T changes (18.8%), LVH (7.5%), BBB (5.7%) and arrhythmias 
(5.0%). Echocardiographic modalities – TTE and TDI – are the 
most commonly used for assessing cardiac structural and functional 
parameters. Compared to healthy controls, patients with autoimmune 
CMs exhibit significantly reduced E/A ratio and increased LVESD 
and LVED. STE is also an important parameter to assess for early 
myocardial changes using GLS and GCS parameters before the 
appearance of noticeable changes in ventricular structure on standard 
echocardiography. These findings reinforce previous studies as 
well as recommendations published in a position statement of the 
ESC working group on myocardial and pericardial diseases on the 
diagnosis and management of myocardial involvement in patients 
with ADs [245]. Although ECG abnormalities are non-specific, the 
ESC underscores the importance of routine ECG test in the diagnosis 
of autoimmune CM because ECG is a useful test to raise clinical 
suspicion of cardiac involvement to warrant additional non-invasive 
imaging tests to confirm autoimmune CM. 

Although the ESC recommends the role of non-invasive imaging 
in detecting myocardial involvement, the findings are usually non-
specific to the underlying aetiology [245]. The first-line modality for 
non-invasive imaging is standard echo (TTE or TEE) with Doppler 
analysis for the diagnosis of MC, pericarditis and valvular involvement 

[246-248]. Advanced echocardiographic methods such as STE may be 
used to detect subclinical myocardial development when the findings 
of TTE or TEE are inconclusive. TTE is useful in particular cases 
such as Libman-Sacks endocarditis in SLE [249,250]. Evaluation of 
tricuspid and pulmonary regurgitation gradients is a useful finding for 
non-invasive diagnosis of pulmonary hypertension [250,251]. In cases 
where TTE and TEE tests are negative or non-specific, STE findings of 
significantly reduced GLS and GCS are subclinical changes suggesting 
the early onset of autoimmune CM [237,238]. 

Although the present analysis did not assess the diagnostic value 
of cardiac MRI in patients with autoimmune CM, consensus reports 
suggest that cardiac MRI with tissue characterization sequences and 
positron emission tomography (PET) may refine clinical suspicion of 
non-ischemic inflammatory myocardial involvement and helpful in 
patient follow-up and assessing response to treatment. Cardiac MRI 
may also be helpful to provide complementary information and is 
particularly useful when results of echocardiography are inconclusive 
[245]. Cardiac MRI tissue characterization with T1- and T2-weighted 
imaging and late gadolinium enhancement (LGE) as well as parametric 
mapping can be useful in assessment of cardiac involvement in ADs. 
Characteristic sub-epicardial or mid-myocardial cardiac MRI LGE 
pattern in ADs allows differential diagnosis from coronary artery 
disease and its findings correlates with disease activity in patients with 
RA and systemic sclerosis [252,253].

Finally, endomyocardial biopsy (EMB) is the gold standard for 
evaluating patients suspected with MC with or without ADs although 
the current use of EMB is limited to specialized centers. Using 
histological, immunological, immunohistochemical and molecular 
tools, EMB can differentiate between infectious and non-infectious 
MC. EMB is useful for the identification of cardiac vasculitis and other 
non-inflammatory (degenerative or infiltrative) myocardial diseases 
[169,245,255-257]. EMB is particularly useful for the diagnosis of ADs 
if cardiac clinical and non-invasive findings suggest non-ischemic 
myocardial involvement as well as in the presence of unexplained and 
unexpected change in cardiac status and the histological confirmation 
is required to guide a change in its management. This is especially 
true if the diagnosis cannot be made with biopsies of more accessible 
tissues such as in cardiac amyloidosis. The drawback of EMB is high 
complications rate for inexperienced clinicians and sampling errors. In 
the case of histology and immunochemistry, the tests require at least 
three myocardial tissues sampled from the RV or LV [245,254]. 

Figure 9. Forest plot for difference in means for LVEDD
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Therapeutics

Clinical management of autoimmune CM is one of the less 
developed areas in the MC and CM field. To begin with, some clinical 
studies lack a clear diagnostic and aetiologic definition generating a 
conundrum on how to analyse the results of therapeutic trials. It also 
remains unknown at which point of the temporal evolution of the 
ADs process are the patients when enrolled in therapeutic trials to 
support the hypothesis that case and control groups are heterogeneous 
in immunopathogenic terms. The potential severity and relatively low 
incidence of autoimmune CM along with immunologic and diagnostic 
complexities or limitations enounced above make it almost impossible 
to conduct optimally designed clinical trials as the ones performed 
for other high incidence entities such as high blood pressure and 
diabetes [19]. Because of different types and frequencies of myocardial 
involvement in different ADs, it was not possible for the present 
meta-analysis to pool analysis. There is also a lack of robust evidence-
base for clinical management of affected patients and myocardial 
inflammatory involvement is often under-diagnosed and overlooked. 
The ESC statement on the management of MC recommends disease 
specific therapies in ADs patients that includes immunosuppressive 
and/or immunomodulatory regimes, particularly in the active phase 
of the disease [259,260]. Presently, a growing body of therapeutic 
knowledge strongly suggests that immune modulation or suppression 
has beneficial effects in the clinical management of MC [261,262]. 

Immunosuppression 

The rationale behind immunosuppression therapy is targeting 
pro-inflammatory mediators of the disease. Immunosuppression has 
proved effective in the treatment of autoimmune MC such as giant 
cell and hypersensitive MC. The use of broad immunosuppressive 
drugs instead of targeted treatment have been used. Some of the 
key drugs tested for autoimmune MC include steroids (prednisone, 
prednisolone), cyclosporine and azathioprine [152,263]. Although, 
these drugs are often used in combination, there is a need for proper 
clinical comparative studies to evaluate the benefits for individual 
subtypes of autoimmune CM. Current evidence on the efficacy of 
immunosuppression therapy is inconclusive. While the TIMIC study 
reported significant or at least some improvement in terms of ejection 
fraction [264], the Myocarditis Treatment Trial found no benefit on 
ejection fraction or survival compared to placebo [265]. However, 
the inconsistent findings can be attributable to differences in patient 
selection. The study reporting benefit enrolled non-viral MC whereas 
the study reporting no benefit did not make any discrimination on 
patients. Another prospective study of 12 GCM patients analysing the 
effect of monoclonal antibody targeting CD3 (muromonab-CD3) in 
combination with cyclosporine and steroids showed improved survival 
[266]. Treatment complications of immunosuppression include 
increased likelihood of acquired infection and/or reactivation of latent 
or opportunistic infection. In particular, the use of corticosteroids 
has been associated with adverse CVD outcomes and unfavourable 
metabolic profiles [267]. Thus, steroid-sparing strategies are preferred 
especially if chronic immunosuppression is needed [260]. Due to some 
teratogenic and oncogenic effects of some immunosuppressants such 
as methotrexate or mycophenolate mofetil, there might be a need to 
minimize usage and active screening programs advisable in high-risk 
populations [245].

Immunomodulation

Consistent findings from several studies associate immunoadsorp-
tion co-administered with immunoglobulin with improved hemody-

namic particularly improved ejection fraction [268-271]. These studies 
enrolled DCM patients, which support the hemodynamic deleterious 
effect of cardiac AABs as well as DCM patients of any cause, which 
expands the usefulness of immunomodulation to non-MC patients. 
High doses of immunoglobulin exerts a beneficial effect – improvement 
in survival and ejection fraction in patients with acute MC [262,271]. 
However, one controlled study did not find any improvement in ejec-
tion fraction although it did not make a clear aetiologic definition 
[272]. Initially, intravenous immunoglobulin (IVIG) was an effective 
treatment of a series of disease of known immunologic origins such 
as Kawasaki syndrome, dermatomyositis, multiple sclerosis, idiopathic 
thrombocytopenic purpura and Guillain-Barre syndrome [18]. Recent-
ly, its efficacy has been proven in the treatment of recent onset of MC 
and myocardiopathy in children. In a retrospective study of 21 children 
diagnosed with MC (with or without EMB evidence of inflammatory 
infiltrate) and treated with IVIG, there was a marked improvement in 
LVEF during the first weeks or treatment and maintained at 1-year fol-
low-up compared to controls who did not receive IVIG [273].

Immunoadsorption (apheresis) 

Apheresis refers to the use of various therapeutic extracorporeal 
purification techniques to eliminate high-molecular weight 
substances in blood. Plasmapheresis and immunoadsorption are the 
most frequently used techniques. Plasmapheresis is a non-selective 
extracorporeal technique for eliminating toxic elements in blood while 
immunoadsorption is a selective apheresis technique that attempts to 
eliminate human immunoglobulin extracorporeal by using specific 
immunoadsorbent substances [18]. Both techniques involve the 
extraction of blood, separation of the plasma from form elements and 
reinfusion of the patient with these substances while the difference is 
plasmapheresis is non-selective while immunoadsorption selectively 
eliminates specific substances. The hypothesis behind apheresis is 
that the presence of AABs against specific beta-receptor epitopes in 
patients with iDCM, and that, AABs could play a determining role in 
the pathophysiology of illness. Thus, the elimination of the causative 
agent might result in substantial improvement in illness. The decrease 
in AAB titre after the administration of immunosuppressive therapy 
or the extraction of ABBs from serum might improve both contractile 
myocardial function and the clinical course of illness [18]. Muller et 
al. [201] performed a retrospective study with a control group and 
reported significant improvement in LV function and NYHA functional 
class after 1-year follow-up. However, additional trials with a larger 
sample with more extensive follow-up periods are warranted to confirm 
beneficial effects of apheresis therapy.

Clinical implications

Due to differences in the type and frequency of myocardial 
involvement in autoimmune CM, future directions should focus 
on proper diagnostics on aetiology as well as on the specific stage 
of autoimmune process. Such a diagnosis strategy should allow the 
determination of specific treatment depending on the underlying 
cause and on the predominant immune process occurring in the 
patient at the time of intervention. In the near future, there may 
be a need to develop targeted treatment strategy such as managing 
the specific immunopathogenic processes predominating in the 
patient including inducing self-tolerance, boosting of Treg response 
and reducing Teff response, blocking innate response-associated 
receptors, and modulation of immunologic role of the stromal cells 
such as fibroblasts and endothelial cells. Expanding knowledge about 
immunopathogenesis of MC may end up in the development of effective 
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diagnostic, prognostic and therapeutic strategies [245]. In future, it may 
also be practical to separate autoimmune CM from iDCM to improve 
diagnosis and clinical management.

Conclusion
Autoimmune diseases (ADs) are conditions triggered by the 

immune system initiating an attack on self-molecules due to the 
deterioration of immunologic tolerance to autoreactive immune cells. 
Genetics, infections and environmental factors may play a role in the 
initiation of ADs. Connective tissue, granulomatous and inflammatory 
diseases are common causes of non-infectious autoimmune CM. 
Key clinicopathological characteristics are genetic predisposition, 
HLA specificity, cardiac-specific AABs and cellular autoimmunity. 
Pathophysiologically, the initiation of autoimmune CM occurs after the 
breakdown of immune self-tolerance within a genetically susceptible 
setting. Upon the establishment of the initial myocardial inflammation, 
T-cell dependent autoimmune process occurs despite difference in 
the specific aetiologic factor. However, specific triggers and factors 
contributing to the progression to autoimmune CM remains a 
conundrum, since no risk or aetiologic factor seems to be sufficient 
for the initiation and progression from MC to CM. General diagnostic 
algorithm is lacking largely due to heterogeneous aetiology, and the 
current knowledge of cardiac manifestation stems largely from clinical 
and echocardiography studies, which are non-specific to confirm 
diagnosis. Despite advances in therapeutics, treatment still relies 
on global immunosuppression and unspecific immunomodulation 
therapy usually with suboptimal results. The current expectation is 
that future clinical trials should investigate and provide deeper insights 
into the pathogenesis of autoimmune CM, which would lead to the 
development of better diagnostic tools to allow the characterization 
and stratification of the stages of autoimmune CM as well as the 
development of individualized targeted treatments.
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