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Abstract
Endomyocardial diseases are a rare and poorly understood aetiology of cardiomyopathy (CM).  Common endomyocardial diseases capable of causing CM are 
endomyocardial fibrosis (EMF), hypereosinophilic syndrome (HES) with cardiac involvement and endocardial fibroelastosis (EFE). The key pathogenic mechanisms 
of HES and EMF are sustained eosinophilia while EFE is cardiac anomalies, infections or genetics causing fibroelastic thickening of the endocardium and systolic 
dysfunction. However, the recent classifications by the American Heart Association and the European Society of Cardiology describe CM due to endomyocardial 
diseases within the restrictive CM phenotype yet they might be two clinically distinct entities. Endomyocardial diseases as a cause of CM also lack sufficient evidence 
to develop a clear understanding of their natural course, diagnosis and management. Available evidence rely largely on earlier studies that have not incorporated 
progressive changes in non-invasive cardiac imaging that have occurred over the decades. Improved understanding of the disease and diagnosis is essential since early 
diagnosis and treatment targeted at the cause is essential to improve efficacy and survival. This paper therefore reviews published data on CMs due to endomyocardial 
diseases with a focus on epidemiology, aetiology, pathological features, clinical presentation, diagnosis and management. Improved knowledge on aetiologies of CMs 
such as endomyocardial diseases is important to develop targeted treatment and improve both patient and clinical outcomes.
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Introduction
Cardiomyopathies (CM), as a non-coronary cause of heart failure 

(HF), was established in the 18th Century, and subsequently classified 
into four types: dilated (DCM), hypertrophic (HCM), restrictive 
(RCM) and (more recently) arrhythmogenic cardiomyopathy [1-3]. 
Towards the end of the 20th Century, the availability of sensitive cardiac 
imaging modalities and advancements in genetic testing further allowed 
the sub-division of the four major CM categories by aetiology and 
pathogenesis [4-6]. In terms of aetiology-based classification, recent 
review articles on CMs have described endomyocardial diseases as an 
aetiology of restrictive or infiltrative CM [7,8]. The lack of consistency 
in the classification of CM due to endomyocardial diseases undermines 
comparative studies and subsequently a holistic understanding of 
its clinical course, pathophysiology and clinical management. In 
addition, due to the rarity of the CM due to endomyocardial diseases, 
there is a clear lack of evidence on diagnosis and management yet the 
disease has an ominous prognosis if not detected early and prompt 
treatment initiated. This present systematic review and meta-analysis 
aggregates published evidence on endomyocardial diseases as a cause 
of CMs with a particular focus on pathophysiology, diagnosis and 
clinical management. This review also identifies grey areas that might 
benefit from further research to improve current understanding of 
endomyocardial diseases CMs.

Endomyocardial diseases
Endomyocardial diseases refer to a group of diseases that affect 

the endocardium and/or myocardium leading to myocardial injury 
that may range from a fully recoverable syndrome to one that leads 
to chronic myocardial remodelling and restrictive cardiomyopathy 
(RCM) [7,8]. Generally, endomyocardial diseases associated with 

CMs define two major variants of RCM (endomyocardial fibrosis 
and hypereosinophilic heart disease), which exhibit overlapping 
pathological features and prominent eosinophilic involvement yet they 
are likely two distinct clinical entities. A third closely related disease 
affecting the endocardium and capable of causing CM is endocardial 
fibroelastosis (EFE), whose cause is distinctively different from 
endomyocardial fibrosis and hypereosinophilic heart disease but with 
almost indistinguishable key pathological features [8].

Endomyocardial fibrosis

Epidemiology: Endomyocardial fibrosis (EMF; formerly Davies 
disease) is a rare form of myocardial disease usually seen in the elderly 
or is endemic and affects mainly children and adolescents usually 
characterized by the deposition of fibrous tissues in the endomyocardium 
leading to restrictive physiology [9-11]. Since the seminal description by 
Davies in Uganda in 1948, the disease has a high frequency in resource-
constrained tropical regions of Africa, Latin America and Asia making 
it the leading cause of RCM in countries in these endemic regions 
[12-14]. In sub-Saharan Africa, EMF is predominant in Uganda, along 
the low-lying coastal belt of Mozambique and in some parts of West 
Africa, with sporadic cases reported in Congo and Malawi [9]. In these 
endemic regions of Africa, EMF if the main cause of HF accounting for 
up to 20% of all cases [15,16]. A recent screening study in Mozambique 
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reported about 20% prevalence in a random sample of 1,063 subjects of 
all age groups who had echocardiographic evidence of the EMF [17]. 

In addition to the tropical regions of Africa, India has a high 
burden of EMF along the coastal area and rain forest of Kerala State 
while China has a high prevalence in the province of Guangxi [18-
21]. In Latin America, reports of EMF have been made in Brazil and 
Colombia [22,23]. A decline in India and some regions of Nigeria 
is in contrast with persistent high trends in other areas suggesting a 
potential influence of socioeconomic and environmental factors on the 
disease [9]. Data on sex distribution are mixed. In Uganda, women of 
childbearing age have a two-fold higher prevalence compared to men, 
male preponderance in Mozambique and Nigeria while other studies 
have not observed a specific sex difference in adults [16,17,24-27]. 
Long-term outcome from medical treatment in advanced stages is very 
poor with 75% mortality at two years [28]. Overall, EMF accounts for 
about 20% of hospitalization for HF in Nigeria, Equatorial Guinea and 
Uganda, where the disease is the leading cause of paediatric admission 
for acquired heart disease only second to rheumatic heart disease [29-
32].

Aetiopathogenesis: The aetiopathogenesis of EMF remain unclear, 
warranting more systematic research and the use of contemporary 
technologies to test older classical hypothesis whose findings have varied 
across studies. The proposed causes or co-factors for the development 
of EMF include poverty, malnutrition, parasitic infestation, genetics 
and cluster ethnicity while proposed theories for the pathogenesis of 
EMF are eosinophilia, infectious disease and autoimmunity [9,33-37]. 
Similarities in cardiac lesions with hypereosinophilic syndrome (HES) 
and the prevalence of parasites in the EMF endemic countries suggest 
eosinophilia toxicity and infections as potential primary aetiologic 
agents [9,19,20,35-39]. However, variable association with eosinophilia 
and the frequent absence of eosinophils on endomyocardial biopsy, 
even in the early stages of EMF, may argue against the involvement of 
eosinophilia [10,39-44]. 

A recent hypothesis suggests an infective trigger in genetically 
susceptible individuals [44]. Excessive immune response may be the link 
between certain parasitic infections and EMF. Already, there are reports 
of increased circulating levels of antibodies IgE and manifestations 
of hyper-immune malaria-related splenomegaly among Rwandan 
immigrants with EMF to support the infective trigger hypothesis 
[45-47]. Immunological investigations also reveal the presence of 
autoantibodies IgG and IgM directed against myocardial proteins 
[48,49]. However, inconsistent geographical matching with important 
parasitic infections such as schistosomiasis and filariasis particularly in 
Southeast Asia, and the lack of significant differences in parasitic loads 
between EMF patients compared with controls provide an argument 
against a straightforward parasitic-related immunological pathogenic 
mechanisms [16,50-53]. Molecular mimicry similar to that observed 
in patients with rheumatic heart disease has also been suggested as a 
possible pathogenic mechanism but lacks compelling evidence [54-56]. 

The involvement of environmental factors, dietary factors and toxins 
have also been suggested as possible pathogenic agents of EMF. Several 
environmental (toxic) factors such as magnesium deficiency, cerium 
toxicity, cyanogenic glycosides, high vitamin D serotonin toxicity and 
certain herbal preparations have been proposed to be involved in the 
pathogenesis of EMF but they lack compelling supportive evidence 
[9]. In certain genetically predisposed individuals, poor diet may 
lead to dysfunction in the regulatory and functional mechanisms of 

eosinophilic leukaemia resulting in necrosis, thrombosis and fibrosis, 
supported by evidence that long-standing dietary imbalance with low-
protein intake has been observed in EMF patients [57]. 

A convincing diet-related hypothesis is that associated with cassava 
consumption, which is a staple food in most EMF endemic areas of 
Africa and India. Cassava contains linamarin, a toxic cyanogenic 
glycoside, which can liberate hydrogen cyanide in the gut during 
digestion. In foods that have not been properly processed or cooked, 
toxic levels of glycoside may persist in the tuber during consumption. 
The human body detoxifies cyanide by converting it to thiocyanate via 
the sulphur containing enzyme rhodanase. A low-protein diet deficit 
in sulphur containing amino acids may decrease the detoxification 
capacity thereby increasing vulnerability to the toxic effects of cyanide, 
which may be compounded by excessive cassava consumption as the 
sole source of dietary energy and protein [58]. Sub-lethal doses of 
cyanide levels may result in tissue hypoxia and lipid peroxidation, 
which alters myocardial cell biology as observed in neuronal toxicity 
[59]. 

Consistent with the cassava pathogenic hypothesis, animal 
models have associated cassava intake with the development of 
intracellular vacuoles, endocardial thickening and interstitial fibrosis 
that is independent of eosinophilic toxicity or parasitic infestation [9]. 
Improved socioeconomic status accompanied by a significant drop in 
cassava intake have been associated with a marked decline in cases of 
EMF in Kerala, India supporting the role of cassava in the pathogenesis 
of EMF. However, a mismatch between the distribution of EMF and 
malnutrition in Africa, and incidences of EMF among subjects from 
non-tropical areas who spent a short period in endemic areas is 
inconsistent with the cassava hypothesis [43,60-62]. Finally, a high 
prevalence of right-sided HF suggest the involvement of toxic factors 
removed by the lung in EMF patients [9]. 

Natural course: The hallmark clinical feature of EMF is patchy 
fibrosis of the endocardial cardiac surface, which may lead to decreased 
compliance and ultimately restrictive physiology with a more general 
involvement of the endomyocardial surface [33]. Endocardial fibrosis 
largely involves the apices and inflow tracts of the RV and/or LV and 
may affect atrioventricular (AV) mainly through tethering the papillary 
muscles, leading to tricuspid and/or mitral regurgitation [63]. Olsen 
proposed three pathomorphological phases of the EMF in his patients 
from Uganda. The initial (or acute necrotic) phase involves eosinophilic 
infiltration of the myocardium with necrosis of the sub-endocardium 
with a pathological picture consistent with acute myocarditis (MC) 
characterized by febrile illness and in severe cases, HF and shock. This 
initial phase occurs in the first five weeks of illness [64]. Patients who 
survive this acute initial phase progress into the second stage, typically 
presenting after ten months characterized by thrombus formation over 
the initial lesions with a decrease in inflammatory activity. Ultimately, 
after several years of disease activity, the final fibrotic phase manifests, 
when the collagenous fibrosis replaces the endocardium [33].

The Olsen three-phase pathomorphologic classification of EMF 
does not apply uniformly to all EMF patients and other investigators 
have not provided consistent support. Most of the patients remain 
asymptomatic for long periods and often present with the chronic 
burnt-out phase with isolated endocardial involvement and intracardiac 
thrombi [65]. Upon clinical diagnosis, the onset of complication such 
as atrial fibrillation (AF), thromboembolism and progressive AV valve 
regurgitation abbreviates the natural history [66]. Myocardial fibrosis 
consists of collagen deposition and fibroblast proliferation, which 
explains most of the symptoms in EMF patients [33]. Fibrosis increased 
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stiffness of the heart leading to restrictive physiology. Ventricular 
stiffness along with AV valvular regurgitation leads to atrial enlargement 
associated with atrial arrhythmias such as AF. Fibrosis also causes 
decreased conduction velocity, impaired activation patterns and may 
provide substrate for wave breaks and re-entry [67]. AF affects more 
than 30% of EMF patients followed by other rhythm and conduction 
aberrations such as junctional rhythm, heart blocks and AV conduction 
delays [68]. 

Clinical presentation: Clinical presentation of EMF includes 
an insidious onset although may be heralded by acute febrile illness. 
Symptoms at presentation may relate to specific cardiac chambers and/
or valves where the disease is most extensive, the duration of the disease 
and the presence of signs of activity [69]. Pulmonary congestion is a 
sign of left-sided involvement while predominant right-sided disease 
may mimic RCN or constrictive pericarditis. AV valve regurgitation is 
common. Often, EMF is relentless and progressive although the time 
course of decline may vary considerably. Cachexia, malnutrition and 
hypoalbuminemia are characteristic of advanced disease. Common 
modes of death are progressive HF, arrhythmias, infection, infarction, 
sudden cardiac death and complications of surgery [70]. Clinical 
presentation may differ based on RV, LV or bi-ventricular involvement 
[33].

In predominant or pure RV involvement, fibrous tissues cover 
the RV apex, and these tissues may extend to the tricuspid valve with 
ensuing tricuspid regurgitation. There is manifestations of chronic 
systemic venous hypertension and exophthalmos, elevated jugular 
venous pressure, prominent v wave with rapid y descent and a right-
sided S3 gallop. Prominent hepatomegaly with pulsatile liver, ascites, 
splenomegaly and peripheral oedema but pulmonary congestion is 
absent because the left side of the heart is not involved explaining the 
normal pulmonary artery and pulmonary capillary wedge pressure in 
the affected patients. A large pericardial effusion is often present but with 
pleura spared, and (may be) dilated right atrium (RA) [71]. Distinctive 
features not explained solely by low cardiac output and retrograde 
congestion include central cyanosis, giant ascites in the absence of pedal 
oedema, hyper-pigmentation of lips and gum, proptosis and parotid 
swelling [72]. ECG abnormalities are consistent with RA enlargement 
such as supraventricular arrhythmias, AF, low QRS voltage, AV blocks, 
RBBB or LBBB or non-specific ST-T wave changes. Chest radiography 
reveals RA prominence, pericardial effusion and calcification of RV 
and (less frequently) LV wall. On echocardiography, RV thickening 
with obliterated apex, dilated atrium, hyperechoic endocardial surfaces 
and abnormal septal motion in patients with tricuspid regurgitation 
but with spared outflow tracts. Doppler echocardiography reveals 
typical restrictive filling pattern (increased E/A ratio, and decreased 
deceleration time and isovolumic relaxation time [IVRT]) [33]. 

EMF with predominant LV involvement manifests with fibrotic 
involvement of the ventricular apex, the chordae tendineae or posterior 
mitral valve leaflet producing mitral regurgitation. The associated 
murmur may be late systolic suggesting papillary muscle dysfunction 
murmur or pansystolic. Prominent pulmonary hypertension and S3 
protodiastolic gallop is frequently present [73]. ECG abnormalities 
includes ST-T changes, low voltage QRS complexes (if pericardial 
effusion is present) or LV hypertrophy with LA abnormality. The 
presence of AF in left-sided involvement often suggests an unfavourable 
prognosis. Echocardiography reveals increased endocardial echo-
reflectivity, preserved systolic function, apical obliteration, enlarged 
atrium, pericardial effusion of varying sizes and Doppler ultrasound 
evidence of mitral regurgitation. Cardiac catheterization reveals 

pulmonary hypertension, LA hypertension and reduced cardiac index 
[33]. Finally, EMF with bi-ventricular is more common than isolated 
RV or LV involvement. Typical clinical manifestations resemble that of 
EMF with RV involvement although a murmur of mitral regurgitation 
often indicates LV involvement. In patients with extensive LV 
involvement, severe pulmonary hypertension is present although RV-
findings are the predominant mode of presentation. Approximately 
15% of patients will experience systemic embolization and only 2% will 
exhibit infective endocarditis [33]. 

Clinical evaluation: Clinical evaluation of EMF is based on 
a set of echocardiographic criteria, which has also been useful in 
staging the disease, studying its progression and comparing different 
epidemiological studies [74,75]. The criteria consists of six major 
criteria and seven minor criteria in which the presence of two major, or 
one major and two minor criteria establishes a diagnosis. The criteria 
has a scoring system with a score assigned to each criteria in which the 
total score indicates disease severity. A score < 8 indicates mild EMF; 
8-15 moderate disease; and >15 severe disease [74].

Major Criteria

1. Endomyocardial plaque > 2 mm thickness; score: 2 

2. Thin (≤ 1 mm) endomyocardial patches affecting > 1 ventricular 
wall; score: 3

3. Obliteration of the RV and/or LV apex; score:4 

4. Thrombi or spontaneous echo contrast without severe ventricular 
dysfunction; score: 4 

5. Retraction of the RV apex (RV apical notch); score: 4 

6. AV valve dysfunction due to adhesion of valve apparatus to the 
ventricular wall; score: 1-4 depending on the severity of regurgitant 
lesion.

Minor Criteria

1. Thin endomyocardial patches localized to single ventricular wall; 
score: 1 

2. Restrictive flow pattern across AV valves; score: 2 

3. Pulmonary valve diastolic opening; score: 2

4. Diffuse thickening of anterior mitral leaflet; score; 1

5. Enlarged atria with normal sized ventricles; score: 2

6. M movement of the IVS and flat posterior wall;  score: 1

7. Enhanced density of the moderator or other intraventricular bands; 
score: 1

Endomyocardial biopsy is diagnostic but false negatives cannot 
be ruled out because of patchy involvement of the myocardium. The 
presence of systemic emboli may complicate myocardial biopsy 
contraindicating its use in left-sided myocardial biopsy [33,36]. In 
endemic areas, differential diagnosis should be made from right-heart 
disease, DCM, tuberculous pericarditis and constrictive pericarditis 
and thus supporting the need for echocardiographic assessment. 
History of rheumatic fever, evidence of mitral stenosis of aortic valve 
involvement favours the diagnosis of right heart disease but pure mitral 
insufficiency may be difficult to distinguish from left EMF when fibrosis 
and endocardial thickening affect predominantly the valve tissue. Right 
heart disease and EMF may co-occur in some patients [76].
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Management: Pharmacological management of EMF consists of 
ameliorating acute disease and treatment of symptomatic HF [33,36]. 
In resource constrained settings where EMF is endemic, management 
of symptomatic HF includes HF medications (diuretics, angiotensin 
converting enzyme – inhibitors [ACE-I]) in combination with aspirin 
or anticoagulants [9]. Patients with advanced disease require larger 
doses and frequent hospitalization for invasive procedures to alleviate 
effusion and control arrhythmias. Oral corticosteroids have no 
or little influence on the naturel course of EMF and their use is not 
supported [77]. Management of ascites relies on frequent evacuation 
of fluid by paracentesis [78]. Patient with AF and/or thrombus on 
echocardiography require standard anticoagulation therapy. Diuretics 
are effective in the early stages of the disease to control HF but lose 
effectiveness with advanced ascites. 

In patients with advanced EMF, surgical decortication with 
AV valve replacement on affected side is the choice treatment [79]. 
Surgical intervention increases survival and quality of life relative to 
medical therapy but should be performed prior to irreversible cardiac 
or hepatic damage [80]. Surgical intervention consists of conservative 
endocardiectomy and valve replacement or repair, resulting in improve 
hemodynamics with associated reduction in filling pressures, increased 
cardiac output and normalized angiographic appearance. However, 
operative mortality remains high (15 to 25%) but may be lower is 
valve replacement is unnecessary [81]. Relative contra-indications 
for surgery in resource-constrained settings include chronic ascites, 
extreme cachexia, chronic pulmonary embolism, extensive endocardial 
fibrosis or calcification, impaired myocardial function and extreme 
shortening of leaflets for anticipated valve replacement [82].

Despite treatment, EMF patients have ominous prognosis, which 
depends on the extent and the distribution of the disease within the 
various cardiac chambers and valves. The disease is progressive but 
with varying time course of decline [83]. Since a majority of patients 
have advanced disease at diagnosis, survival post-diagnosis is relatively 
short, about two years since symptom onset [84-86].

Hypereosinophilic heart disease

Prevalence: Hypereosinophilic syndrome (HES) is a heterogeneous 
group of rare haematological disorders often characterized by an 
unexplained and sustained blood eosinophilia (eosinophil counts > 
1,500 per mm3 for ≥ 6 months) without any other known secondary 
cause (such as parasitic or allergy) and with the evidence of organ 
involvement [87]. Dermatological, pulmonary and gastrointestinal 
involvement are more common although cardiac involvement is the 
major source of morbidity and mortality [88]. Earlier studies reported 
up to 84% of HES patients have signs and symptoms of cardiac disease 
while recent studies suggest a lower frequency ranging between 40% 
and 50% [89,90]. The prevalence of HES is unclear although Spry 
reported a rate of 1 case in 200,000 people [91]. The disease has a male 
preponderance and tends to occur between the second and the fifth 
decade of life [87]. The most characteristic cardiac abnormality in HES 

is EMF, first described in 1936 by Loeffler, who termed it “fibroplastic 
parietal endocarditis with blood eosinophilia” [92]. It is a relatively 
rare conditions and an uncommon cause of RCM. Several types of 
cardiac damage may manifest in the context of eosinophilia toxicity in 
cardiac tissues, which range from acute MC to EMF [36]. HES patients 
may also develop thrombosis particularly in the cardiac ventricles 
but also occasionally in deep veins. Due to the rarity of HES, specific 
management guidelines of cardiac and thrombotic complications of 
HES are lacking [93].

Aetiology: Numerous diseases may be responsible for eosinophilia 
but not all cause clinically significant eosinophilia. Table 1 provides a 
summary of the most common aetiologies of chronic eosinophilia.

Reactive eosinophilia is a consequence of the use of some drugs 
such as anticonvulsants non-steroidal anti-inflammatory drugs, 
antimicrobial agents, sulphonamides, which trigger an abnormal 
production of eosinophils. Eosinophilia may also be the sole 
manifestation of drug-induced hypersensitivity reaction. Drug rash 
with eosinophilia and systemic symptoms syndrome refers to drug-
induced eosinophilia with morbilliform eruption and severe tissue 
damage [94]. However, the withdrawal of the culprit drug often 
leads to normalization of eosinophil count within 7-10 days [87]. 
Vaccination of smallpox or diphtheria/tetanus/pertussis vaccines have 
also been reported to lead to eosinophilic MC [95,96]. In the presence 
of significant eosinophilia, immediate initiation of an empirical anti-
helminthic drug therapy is recommended. Other aetiologies are mainly 
due to systemic diseases, malignancies and HES [36].

Natural course and pathophysiology: Cardiac involvement is one 
of the most frequent manifestation of sustained eosinophilia [87,97] 
often characterized by fibrosis that obliterates the ventricles with EMF 
as the ultimate form of eosinophilic cardiac disease [92]. Similar to 
EMF, the natural cause of cardiac pathology in HES has traditionally 
been divided into three chronological stages: eosinophilic infiltration, 
thrombosis and fibrosis [98,99].

Eosinophilic infiltration stage: Typical characteristics of the initial 
(eosinophilic infiltration or the acute necrotic) stage is eosinophilic 
endomyocarditis with eosinophilic and lymphocyte infiltration 
[93]. Eosinophils invade cardiac tissue, degranulate and release 
toxic cationic proteins inducing necrosis and apoptosis although 
patients do not generally have cardiac symptoms and may only 
present with non-specific signs [100]. Clinical and in vivo evidence of 
eosinophilic MC is infrequent while in autopsy series accounts for up 
to 0.5% [101]. Electrocardiography (ECG) abnormalities include sinus 
tachycardia, non-specific ST-segment changes or conduction delays 
but not clinically significant. Echocardiography abnormalities include 
increased LV wall thickness due to interstitial myocardial oedema. 
Endomyocardial biopsy (EMB) distinguished eosinophilic from other 
MC types. Histological analysis reveals eosinophilic infiltration of the 
endocardium and sub-endocardium interstitium, myocardial necrosis 
and sometimes eosinophilic granulomas [101,102]. Therapeutic target 

Aetiologies Specific Diseases

Reactive eosinophilia
Drugs (hypersensitivity): anticonvulsants, non-steroidal anti-inflammatory drugs; antimicrobial agents, sulphonamides.
Infections: helminths, HIV, human T-lymphocyte virus I, tuberculosis.
Allergic diseases

Systemic diseases Crohn’s disease, Churg-Strauss syndrome, Wegener’s granulomatosis, polyarteritis nodosa, rheumatoid arthritis, cholesterol crustal embolism
Malignancies Hodgkin lymphoma, non-Hodgkin lymphoma, acute leukaemia, systemic mastocytosis
Hypereosinophilic syndrome Lymphocytic variant, myeloproliferative variant

Table 1. Common aetiologies of chronic Eosinophilia

Source: Seguela et al. [36]
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at this stage is rapidly lowering the eosinophil count to minimize 
myocardial necrosis [36].

In this initial stage, acute narcotising eosinophilic MC is the 
most severe form of the disease and is fatal without early diagnosis 
and institution of appropriate treatment [93,103]. Patients present 
with symptoms of acute HF or cardiogenic shock. Patients may 
exhibit conduction abnormalities, diffuse ST segment elevation and 
elevated troponin levels mimicking acute myocardial infarction, LV 
systolic dysfunction with wall motion abnormalities [104,105]. At 
this stage, cardiac magnetic resonance imaging (CMRI) is efficient in 
detecting endomyocardial involvement, particularly late gadolinium 
enhancement (LGE) that shows extensive eosinophilic infiltrates 
and at times patchy distribution [106]. Eosinophilic infiltration due 
to hypersensitivity mechanism may manifest with normal or mildly 
elevated peripheral eosinophil counts [36]. However, about half of 
patients do not exhibit eosinophilia at disease onset, which occurs due 
to the migration of circulating eosinophils into the tissue while bone 
marrow cannot respond immediately with increased production [107]. 
Thus, repeated white blood examinations are necessary in patients 
with initially absent eosinophilia. Since corticosteroid therapy is the 
first-line treatment for eosinophilic MC because of its inhibition of 
the degranulation of eosinophils limiting myocardial necrosis but its 
efficacy remains controversial [108,109]. Treatment of symptoms of 
HF rests on HF conventional drugs while in fulminant HF may require 
mechanism support [36].

Thrombotic stage: Persistent eosinophilic activation leads to 
the second (thrombotic) stage of the disease, characterized by the 
formation of mural thrombi along the damaged myocardium due to 
tissue necrosis often involving both ventricles, the ventricular flow 
tracts and the sub-valvular regions [36,93]. Eosinophilic proteins bind 
to thrombomodulin impairing the anticoagulant properties of the 
endothelial membrane leading to AV valvular incompetence [110,111]. 
Disruption of the normal anticoagulant endothelial lining exposes 
the von Willebrand factor (vWf), collagen and tissue factor. The vWf 
and collagen bind platelets and tissue factor binds activated factor VII 
to initiate the biochemical reactions that generate a fibrin thrombus 
[112,113]. In HES patients, the stimulation of fibrin formation by tissue 
factor may be especially important because eosinophils contain tissue 
factor in their specific granules that can induce the endothelium to 
express it [114,115]. Recent evidence suggests that eosinophil granule 
proteins can activate tissue factor XII and platelet and mononuclear 
cells from HES patients may have enhanced pro-coagulant activity 
[116-118]. Thus, blood hyper-coagulability may also contribute to 
the pathogenesis of thrombosis in HES patients. Thrombotic events 
occur in 14 to 29% of adult patients with idiopathic eosinophilia 
legitimizing the use of oral anticoagulation or antiplatelet therapy to 
prevent thrombi formation at the stage of eosinophilic MC but evidence 
of the effectiveness of these therapies are lacking [87,90,119]. Cardiac 
chambers have a relatively static flow at the endomyocardial surface 
particularly in the ventricular apices and becomes more static in areas 
of hypokinesia. Stasis is a major stimulus for thrombosis since it allows 
activated clotting factors o accumulate to thrombotic concentrations 
[93].

Fibrotic stage: In the final fibrotic stage, fibrosis replaces thrombus 
formed on the denuded myocardium corresponding to scarring of the 
endomyocardium. Fibrosis is an irreversible damage involving both the 
RV and the LV, and may include sub-valvular apparatus of bot mitral 
and tricuspid valves [120-122]. Diagnosis of cardiac involvement 
in HES patients often is often made in this final fibrotic stage when 

they present with scarring of the chordae tendineae and endocardium 
resulting in RCM or DCM with an ominous prognosis sometimes 
accompanied by progressive valvular incompetence [123]. Valvular 
pathology frequently observed in HES patients include dysfunctional, 
regurgitant AV valves due to restriction of valve leaflet mobility but 
aortic and mitral stenosis are less common [124]. Gottdiener et al. 
echocardiographic series reported mitral regurgitation in 43% of HES 
patients [125]. The accumulation of thrombofibrotic material between 
the mural endocardium of the LV free wall and the ventricular aspect of 
the posterior mitral leaflet limited posterior mitral leaflet motion [126]. 
EMF may also be responsible for altered cardiac conduction system 
leading to severe ventricular arrhythmias [127].

Clinical presentation: Patients with HES and cardiac involvement 
usually present with signs and symptoms of HF, intracardiac thrombus, 
myocardial ischemia and arrhythmias but rarely pericarditis [90,128]. 
In a prospective study of 26 HES patients with cardiac involvement and 
a review of literature, Parrillo et al. reports the most common presenting 
symptom in literature is dyspnoea occurring in 60% of the patients. In 
75% of 55 patients, who could be evaluated, exhibited signs and symptoms 
of HF and 4% had evidence of pericarditis [90]. In the prospective part, 
common symptoms were dyspnoea (42%), chest pains (2%), cough 
(12%), palpitations (8%) and embolic events (4%) [90]. In subsequent 
evaluation, signs and symptoms included mitral regurgitation (42%), 
HF (38%), aortic regurgitation (4%) and aortic stenosis (4%). Although 
myocardial infarction is a rare complication, it could manifest as a 
consequence of embolic event secondary to endomyocardial fibrosis 
and thrombus in the LV outflow tract [129]. Earlier description of risk 
factors for cardiac HES cardiac disease included male sex, HLABw44 
positivity, splenomegaly, thrombocytopenia, elevated serum vitamin 
B12, dysplastic eosinophils and the presence of abnormal early myeloid 
precursors [99]. However, recent evidence suggests that these features 
are characteristics of myeloproliferative variant of HES [130].

Clinical evaluation: Chusid et al. formulated the definition of HES 
with strict diagnostic criteria [87]: 

(i) Peripheral blood eosinophil count > 1500 cells/mm3 for at least 6 
months duration; 

(ii) Signs and symptoms of end-organ involvement with eosinophil 
tissue filtration; and

(iii) Exclusion of known secondary causes of eosinophilia. 

These criteria involves clinical evaluation of HES cardiac disease 
using a combination of ECG, echocardiography, CMRI and EMB. 
Typical but non-specific ECG abnormalities include T-wave inversion, 
LA enlargement, LV hypertrophy, incomplete RBBB and left axis 
deviation [90]. Other reported ECG abnormalities may include 
ventricular premature complexes, poor R wave progression, non-
specific ST-T wave changes, and first-degree AV block [131]. Although 
useful, ECG only detects changes related to cardiac pathology especially 
LV hypertrophy but does not reveal abnormalities specific for HES 
[93]. Echocardiography has a long history in the evaluation of cardiac 
disease on HES patients. Different modalities, 2D, transthoracic, 
transesophageal, and contrast echocardiography play complementary 
roles in clinical evaluation of HES. Contract echocardiography 
delineates LV shape and quantifies LV hypertrophy [132]. Classical 
echocardiographic findings include endomyocardial thickening, bi-
ventricular apical thrombus formation, and posterior mitral leaflet 
involvement [89] with progressive features of restrictive physiology 
with regurgitation of the AV valves secondary to sub-valvular injury 
[111]. 
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Recently, CMRI is emerging as a highly useful non-invasive 
modality for the diagnosis of cardiac disease in HES patients. It 
is sensitive and specific for detecting ventricular thrombi than 
echocardiography and LGE-CMRI is able to detect myocardial fibrosis 
and inflammation [133,134]. LGE due to fibrosis is more intense 
than LGE due to inflammation [133]. Despite improvement in non-
invasive cardiac imaging modalities in the diagnosis of HES cardiac 
disease, EMB remains the diagnostic gold standard. Serial myocardial 
biopsies provide information on the clinical course of cardiac disease 
and response to treatment. Common EMB findings include fibrotic 
thickening of the endocardium, mural thrombosis and fibrinoid 
changes, thrombosis and inflammation of small intramural coronary 
vessels and, sometimes, eosinophil infiltration into the myocardium 
and sometimes endocardium [98]. However, high resolution CMRI 
permits tissue characterization rendering this technique promising and 
practical to follow and potentially diagnose HES cardiac disease [93].

Clinical management: Due to the rarity of cardiac disease in HES, 
clinical guidelines for its management are lacking. Nevertheless, there is 
a role for both medical and surgical therapies in improving the quality 
of life in HES patients with cardiac involvement by reducing eosinophil 
count [7]. Several case reports demonstrate favourable outcome with 
the use of corticosteroid and cytotoxic drugs such as hydroxyurea. 
Interferon may also be beneficial as adjunctive therapy in refractory 
patients. Anticoagulation also can reduce the thrombotic burden [135]. 
Novel targeted therapies have been developed to target eosinophilic-
associated disorders including treatment for HES and eosinophilic MC, 
which precedes the development of CM. Interleukin-5, produced by 
the TH2 helper cells, is the main cytokine responsible for eosinophilic 
differentiation, survival and activation. Therefore, it is the natural target 
for molecular therapies. Two monoclonal antibodies (mepolizumab 
and reslizumab), which bind interlukin-5 have been developed and 
tested in various eosinophilic-associated disorders with results showing 
its safety and efficacy in reducing eosinophilia but with modest clinical 
benefits. Mepolizumab was evaluated in HES patients and met the 
primary endpoint if steroid reduction but has not been approved for 
the treatment of HES [136]. Many biological targeting eosinophilic 
surface receptors and soluble mediators associated with eosinophilic 
inflammation are under investigation [137].

Endocardial fibroelastosis

Prevalence: Endocardial fibroelastosis (EFE or foetal endocarditis) 
is a rare and poorly understood endomyocardial disease with typical 
restrictive HF manifestations and cardiac arrhythmias predominantly 
encountered in sub-Saharan Africa. The term EFE was introduced in 
1943 to describe a pronounced fibroelastic thickening of the ventricular 
endocardium presented as unexplained HF in infants and children 
[138]. Originally, EFE had been classified as diffuse idiopathic (primary) 
or secondary to other myocardial diseases such as viral infections, MC, 
metabolic disorders, inherited diseases, and congenital malformations 
[139,140]. However, the existence of primary EFE has been questioned 
as whether it is a distinct clinical entity or a consequence of dilated, 
infectious of inflammatory CM. Indeed it is argues that the term 
primary EFE suggests that it presents a common final pathway of many 
myocardial diseases. Consequently, the most recent ESC and AHA 
classification of CMs have excluded EFE as a type of CM; instead, 
include both EMF and EFE within the clinical spectrum of RCM [4-6] 
although some studies include EFE as an aetiology or consequence of 
DCM [139,140]. 

Despite the controversy of primary EFE-associated CM, cases of 
EFE have been reported since the 1960s. In 1964, a study in the U.S 

reported an incidence of 1:5,000 births [141]. In 1978, the reported 
incidence rate of EFE was 1-2% of all congenital heart diseases. 
However, in a recent review of medical records, echocardiograms, 
explanted hearts and microscopic slides of 53 paediatric patients 
with clinical diagnosis of DCM, Seki et al. found primary EFE in 
25% of paediatric patients, suggesting that the entity is not are rare as 
previously thought [141]. The study reports that endocardial thickening 
in primary EFE is distinctive and characterized by thick and parallel 
oriented endocardial elastic fibres resembling the thick elastic lamina 
of the aorta and are structurally and biochemically different from the 
smaller, poorly oriented fibres observed in the secondary forms of EFE 
[141]. In a retrospective Finnish study reviewing medical records of 
patients aged birth to 20 years from 1980-1991 enrolling 118 having 
idiopathic CMs, 62 had DCM. Of the 62, 12 (19%) were diagnosed with 
EFE CM [142]. All the patients with EFE were younger than 2 years at 
diagnosis (median 4.8 months) and 8 (67%) were female [142]. Fewer 
cases of EFE have been described in which older children, adolescents 
or even adults presenting with cardiac failure have been diagnosed with 
EFE [143]. 

Aetiopathogenesis: The aetiopathogenesis of EFE is not fully 
understood but it is suggests to develop as a result of inflammatory, 
mechanical or hereditary factors. Primary or secondary EFE often 
mimics DCM [141]. More commonly, EFE manifests in association 
with other structural cardiac abnormalities, including left-sided 
obstructive lesion such as aortic stenosis and anomalous coronary 
artery arising from pulmonary trunk. It is likely that fibroelastosis 
represents the end-stage pathological phenotype of a heterogeneous 
group of conditions rather than a single disease entity [5]. Possible 
aetiopathogenic agents include viral infections with coxsackievirus, 
adenovirus, parvovirus, and mumps virus [5,140,144]. EFE may also 
be associated with metabolic and storage disorders such as primary 
deficiency of carnitine and respiratory chain abnormalities [145,146]. 
Recently, EFE has been recognised in foetal and postnatal life, in 
association with maternal antibodies (anti-RO and anti-La) in children 
with and without congenital complete heart block [147,148]. 

Some authors have also described hereditary element in EFE. 
Arola et al. described two families that had patients’ phenotype that 
was typically EFE or DCM without EFE suggesting that EFE might 
be secondary to heart dilatation in a predisposed individual [142]. 
Chen et al. reported nine patients with familial EFE in four families 
inherited in X-linked recessive, autosomal dominant and autosomal 
recessive fashion [149]. Recent reports have associated mutations in 
the tafazzin (TAZ/G4.5) gene located on Xq28 with familial X-linked 
EFE and Barth syndrome, reported to result in structural changes in the 
foetal heart as early as 18 weeks of gestation [150,151]. In a summary, 
current evidence suggests that primary EFE is hereditary, occurs with 
no other demonstrable cause of unexplained HF while secondary EFE 
is associated with aortic stenosis or atresia and includes coarctation of 
the aorta, ventricular septal defect, anomalous origin of left coronary 
artery from the pulmonary artery, myocardial injury from any cause, 
and metabolic or carnitine deficiency.

Pathophysiology: Typical pathological characteristics of EFE are 
diffuse endocardial thickening and myocardial dysfunction. Endocardial 
thickening may be the consequence of persistent and increased wall 
tension in the ventricles possible secondary to injured myocardium, 
mitral regurgitation or both [140-144]. EFE is sporadic but familial 
cases have been reported [150,151]. The suggestions that EFE might 
have a viral aetiology stems from the observation of the similarity of its 
clinical presentation to that of chronic MC. Similarities include findings 
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of MC or myocardial fibrosis in EFE patients, a higher incidence of 
EFE following epidemics of coxsackievirus B infection, persistence of 
viral infection in EFE patients and experimental production of EFE in 
animal models by viral infection of the myocardium, demonstration 
of persistent viral infection with molecular studies, and experimental 
production of the disease in animal models by viral infections of the 
myocardium [140,143,144].

EFE CM has a phenotypic resemblance to DCM. Patients with dilated 
EFE have a markedly enlarged globular heart, mainly involving the LV 
and the LA. The LV endocardium is opaque, glistening, milky white 
and diffusely thickened (1-2 mm) most markedly in the outflow tract 
[152]. Papillary muscles arise more superiorly on the ventricular wall 
with thickened and shortened chordae tendineae. Flattened papillary 
muscles and trabeculae carneae partially incorporated in the fibrotic 
processes exert an undesirable lateral traction on the chordae tendineae 
and mitral cusps resulting in faulty leaflet opposition [153,154]. EFE 
patients have a thickened endocardium although the ventricular walls 
(myocardium) is within the reference range. Endocardial thickening 
may extend to the LA, RV and RA [152]. The less common contracted 
type of primary EFE due to hypoplastic HF has a relatively hypoplastic 
is normal LV size [152]. The RA, LA and RV are markedly enlarged and 
hypertrophied with minimal or no endocardial sclerosis. Secondary 
EFE, associated with cardiac malformations, may arise due to cardiac 
hypertrophy and consequent imbalance in the myocardial oxygen 
supply and demand relationship. The resultant fibroelastotic thickening 
is often focal and less severe [143]. 

EFE-associated HF becomes progressive with age resulting in death 
within the first six months of life. In a sub group of patients who survive 
from a few months to several years, a more chronic phase of the disease 
ensues. These patients may respond to the conventional HF medication. 
A variable cyclical clinical course may ensue, with HF recurrences due 
to respiratory or other inter-current infections or to the progression 
of the disease. Remissions can occur with intensification of medical 
therapy although cardiac arrhythmias can be the main presenting 
problem [143].

Clinical evaluation: Often, EFE presents in infancy and clinical 
presentation are typically indistinguishable from those seen in DCM 
patients. In many cases, EFE progresses to end-stage HF and death. 
The onset of EFE may be acute producing cardiogenic shock or sudden 
cardiac death in infancy, a history of frequent or recent respiratory 
tract infection, episodes of severe sudden abdominal pain may indicate 
coronary insufficiency, and the contracted form of EFE presents with 
features of left-sided obstructive disease and acute LV failure [143]. 
Diagnosis methods for EFE rely largely on evidence from earlier 
studies with no recent guidelines despite improvement in non-invasive 
cardiac imaging modalities. Recent studies are warranted to clarify 
and refine diagnosis of EFE heart disease. At present, diagnosis rests 
on histological and the pathological hallmarks of the deposition of 
collagen and elastin, ventricular hypertrophy and diffuse endocardial 
thickening [141-143]. 

Typical ECG abnormalities in primary EFE include conduction 
defects (prolonged PR interval, intermittent heart block and wide QRS 
complexes [155]. Echocardiographic changes may include increased LA 
and LV dimensions, depressed ejection fraction, abnormal mitral valve 
motion, dense echogenicity along the endocardium of the LV, globular 
LV shape, and varying degree of mitral regurgitation [141-144]. 
Echocardiogram is able to demonstrate vigorous systolic function but 
substantial diastolic dysfunction on the LV. There is mild endocardial 
brightening of the anterior septum, anterior wall or papillary muscles 

[156]. However, echocardiography may not be a sensitive diagnostic 
test since neither echo brightness not LV dimension can reliably detect 
the presence of EFE [143].

The diagnostic role of CMRI has been recently highlighted in 
detecting the presence of EFE [156,157]. CMRI using perfusion and 
myocardial LGE can be a useful adjunct in establishing diagnosis. 
EFE gives the endocardial surface rim of hypointense signal in the 
perfusion sequences and a rim hyperintense signal in the myocardial 
LGE sequences [157]. CMRI demonstrates the pathognomonic features 
of endocardial fibroelastosis and can identify additional complications 
such as intracardiac thrombus [156]. EMB may be used on cases where 
diagnostic is unclear. However, EMB has its risks especially in infants 
and is not essential to make a diagnosis in the majority of affected 
babies. Usually, EMB reveals invasion of the endocardium and sub-
endocardium by fibroelastic tissue [158].

Management: EFE lacks directed therapy due to the rarity of 
the disease and the current recommended management follows that 
of HF in general such as targeting HF symptoms with optimization 
of volume status, managing rate control (in case of AF with rapid 
ventricular rates) and risk stratification for conduction abnormalities 
for candidacy of implanted devices [159]. Medical management 
of EFE is essentially the same to that of chronic HF and its acute 
exacerbations are the consequence of respiratory infections. Early 
and prolonged digoxin therapy continued for several years since the 
disappearance of symptoms. Cessation of digoxin may result in acute 
HF even when cardiac size has normalized [159]. Other management 
strategies for acute HF and precipitating factors such as anaemia may 
require attention. Anticoagulation may be required if the patients has 
thromboembolic complications. Case reports have also cited resolution 
of antenatally diagnosed EFE associated with positive maternal 
antibodies (anti-Ro and anti-La) with corticosteroid therapy. Cardiac 
transplantation may be required for end-stage HF [160,161].

Systematic review and meta-analysis of diagnostic 
features

The present meta-analysis sought to evaluate the main diagnostic 
features of CM due to endomyocardial diseases. The search for relevant 
studies was performed on PubMed, Cochrane and Google Scholar from 
inception to June 2019. The key words and medical subject heading 
(MeSH) terms of endomyocardial diseases and cardiomyopathy along 
with individual names of causative diseases (endomyocardial fibrosis, 
hypereosinophilic heart disease, and endocardial fibroelastosis). 
Reference lists of articles that fulfilled the inclusion criteria were 
scanned to identify additional articles missed by the online search. 
There was no limitation to language or publication period. However, 
the studies has to meet the following inclusion criteria: (i) enrolled 
patients with EMF, HES and/or EFE; (ii) were diagnosed using serum, 
ECG or non-invasive cardiac imaging; and (iii) reported the findings 
of the diagnostic tests. Case reports, editorial and review articles were 
excluded. The primary outcomes assessed were diagnostic findings 
from different tests. 

Only data published in the included studies were used as to form 
the final dataset for analysis. In the primary analyses, diagnostic 
features for continuous outcomes are expressed as event rate with 95% 
confidence intervals (CIs). Analysis employed random effect model and 
fixed effect model to calculate pooled outcomes of diagnostic features. 
The inconsistency parameter (I2) was used to test for heterogeneity. 
Statistical significance for diagnostic features was defined by P values 
< 0.05 and heterogeneity as P values < 0.10 or I2 > 25%). When 
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heterogeneity was present, an explanation was sought in terms of 
methodological quality and different clinical characteristics. When no 
clinically significant differences between studies would be identified, 
the results of studies were pooled together using the random effect 
model.

Results
Study characteristics

The online search yielded 198 potential references, out of which 
only seven articles meeting the inclusion criteria were included 
[49,89,90,125,141,162,163]. The seven articles were published between 
1979 and 2015 [90,162,163]. A greater majority of the excluded 
articles were case reports of one to three patients while few others 
included patients with mixed conditions making data extraction of 
patients of interest difficult. Table 2 provides a summary of the key 
characteristics of the studies included in the present meta-analysis. In 
total, the seven studies enrolled 235 patients diagnosed with CM due 
to endomyocardial disease. The mean age varied significantly from 
7.5 days to 45±17 years. EFE patients were younger (7.5 days to 10.1 
months) while EMF and HES patients were relatively older (18±11 
to 45±17), which mirrors the common age of presentation of the 
respective underlying endomyocardial disease. Three studies studies 
HES patients, three studied EFE while the remaining one studied 
EMF [49,89,90,125,141,162,163]. All the seven studies, except one that 
evaluated serum tests (antibody reactivity), studied echocardiographic 
features of endomyocardial diseases.

Meta-analysis : Due to the lack of clinical trials on CMs due to 
endomyocardial diseases, there was insufficient data to enable pooled 
analysis to determine the most common pathologic features that can be 
useful to support diagnosis. Only three studies enrolling HES patients 
could be pooled despite a small sample of patients enrolled in the 
individual studies. Pooled analysis of three studies revealed 32 out of 
98 HES patients had echocardiographic evidence of LV wall thickness, 

translating into an event rate of 36.4%, 95% CI 9.4% to 76% (Figure 
1) [89,90,125]. There was significant heterogeneity (I2 = 92%) noted 
between the three studies, which could not be explained in terms of 
clinical characteristics at baseline or methodological quality. Thus, a 
random effect model was used to perform pooled analysis. Pooled data 
from two studies revealed 14 out of 72 HES patients had peripheral 
emboli (event rate: 20.5% 95% CI: 10.9 to 35.2%; Figure 2), 19 out 
of 72 had posterior mitral leaflet (event rate: 29.3% 95% CI: 12.1% 
to 55.4%; Figure 3), and 32 out of 72 had intraventricular thrombus 
(event rate: 44.5 95% CI: 33.4 to 34.8%; Figure 4) [89,125]. Parrillo et 
al. [90] reported that 88% of HES patients exhibit echocardiographic 
abnormalities and 38% had signs and symptoms of HF.

Systematic review: Calculating pooled findings on diagnostic 
features for EFE and EMF was not possible because of insufficient data 
or incompatible data provided for diagnostic parameters of interest. 
Nevertheless, the individual studies on EFE and EMF communicated 
important information about the diagnosis of EFE and EMF. 

Based on a review of medical records, echocardiograms, explanted 
hearts, and microscopic slides, Seki et al found EFE was more prevalent 
that earlier believed manifesting in 25% of 52 infants diagnosed with 
DCM [141]. Patients with EFE had evidence of significant LV wall 
and endocardial thickness than DCM patients, with mitral valve and 
papillary muscles showing characteristic findings. 

In 22 newborn diagnosed with EFE associated with aortic stenosis, 
Dogan et al. reported he LV systolic function varied, with 90% of 
patients with LVEF < 55% [163]. The mean LVEF was 34±13% and 
fractional shortening of 17±6.5%. Further, EFE demonstrated a higher 
early mortality rate (31%) despite improvement in peak-to-peak 
aortic valvular gradients pre (56±23 mmHg) and post (22±15 mmHg) 
valvuloplasty. 

Schmaltz et al, compared seven EFE infants (mean age: 3.29 
months) with eight normal infants (mean age = 3.2 months) matched 

Author (year) [Ref #] Patient Selection Mean Age Cause Diagnostic Test Summary of Key Findings

Parrillo [90] 26 patients with HES followed for 9 
years NA HES 2D-Echo

Dyspnoea (42%); chest pain (27%); HF signs (38%); MR 
(42%); cardiomegaly (35%); T-wave inversion (35%); 

echo abnormalities (82%) 

Gottdiener [125] 21 consecutive patients with the 
idiopathic HES 39±12 HES 2D-Echo MR (9); LV wall thickness (9); PE (6); intraventricular 

thrombus (10); 

Ommen [89]
51 patients with idiopathic HES from 
medical records based on Mayo clinic 

diagnostic index 1967-1995 
45±17 HES Echo

Endocardial thickening (6); LV apical thrombus (12); 
RV apical thrombus (10); PML involvement (10); LV 

hypertrophy (5)

Schmaltz [162]
8 normal infants and 7 infants with 

EFE based on clinical picture, cardiac 
catheterization and angiography 

3.29 months EFE Echo

EFE have higher dimensions of LV cavity (D) than 
normal infants: Dmax (35.9±7.3 vs. 20.7±2.6), Dmin 

(33.5±7 vs. 12.7±2.5 mm); reduced shortening fraction 
(11,7±4,6 vs. 35.7±7.5)

Dogan [163] 22 newborns (17 boys, 5 girls) with 
EFE due to aortic stenosis 2008-2014 7.5 days EFE Echo

Mean EF (34±13); FS (17±6.5); mortality rate (n=7; 
31%); reduced peak-to-peak aortic valvular gradients pre 
and post-valvuloplasty (56±32 and 22±15 mmHg) after 

38±20 months

Mocumbi [49]
56 patients with EMF on echo and 
eosinophil count >1.5x106 and 10 

healthy controls
18±11 EMF Serum screening

IgG reactivity against myocardial protein stronger in 
EMF than healthy controls (30/56 53.6% vs. 1/19, 10%) 
and IgM (11/56, 19.6% vs 0/10, 0%). EMF has greater 

frequency and reactivity of IgG against myocardial 
proteins of molecular weight

Seki [141]
52 pediatric heart transplant DCM 

patients with primary EFE reviewed 
from medical records

10.1 months EFE 2D echo

14 hearts with gross and microscopic findings of primary 
EFE. Patients with EFE were younger than DCM; greater 

LV wall and endocardial thickness greater in EFE with 
mitral valve and papillary muscles showing characteristic 

findings

Table 2. Summary of included studies

DCM: Dilated Cardiomyopathy; EFE: Endocardial Fibroelastosis; Echo: Echocardiograph; EMF: Endomyocardial Fibrosis; HES: Hypereosinophilic Syndrome; MR: Mitral Regurgitation; 
PE: Peripheral Embolism
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Figure 1. Event rate and 95% CI for LV wall thickness

Figure 2. Event rate and 95% CI for peripheral emboli

Figure 3. Event rate and 95% CI for posterior mitral leaflet

Figure 4. Event Rate and 95% CI for intraventricular thrombus
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to age and surface area [162]. The study reported EFE infants has higher 
maximum and minimum dimensions of LV cavity (Dmax: 35.9±7.3 vs. 
20.7±2.6; Dmin: 33.5±7 vs. 12.7±2.5 mm) and significantly reduced 
fraction shortening (11,7±4.6% vs. 35.7±7.5%). 

Mocumbi et al. evaluated the possibility of endocardial lesion being 
a result of immune response against myocyte on 56 EMF patients by 
assessing the frequency of circulating anti-myocardial antibodies [49]. 
The study reported stronger IgG reactivity against myocardial proteins 
(53.6%) compared to healthy controls (10%). Although IgM reactivity 
was weaker, it was still greater among EMF patients (19.6%) than 
healthy controls (0%) suggesting the role of autoimmunity.

Discussion
To date, the diagnosis of CMs due to EMF and HES is based on 

criteria developed in the past based on eosinophilic count > 1,500 cells/
mm3persistign for >6 months and evidence of end-organ involvement 
without any other known cause of eosinophilia while the criteria 
for EFE diagnosis remains elusive. The description of CMs due to 
endomyocardial diseases within the morphological and structural 
features of RCM may have limited research on its natural course, 
diagnosis and management. In the course of study search, the present 
systematic review and meta-analysis attests to the scarcity of studies 
on endomyocardial diseases, undermining a precise understanding of 
this disease entity and its role on the pathogenesis of CM. Despite the 
lack of data, the seven studies included for analysis provide important 
information about pathological features of endomyocardial disease that 
might support diagnosis although there is a need for additional large-
scale prospective clinical trials to clarify these findings as well as their 
diagnostic value.

In the present analysis, data based only on HES patients could 
be pooled. In addition, very few diagnostic features could be studied 
because of heterogeneity in diagnostic parameter assessed. Pooled data 
from three studies revealed LV wall thickness on echocardiography is 
a common feature in HES patient, occurring in 36.4% of the patients. 
Other common features included peripheral emboli in 20.5% of 
the patients, posterior mitral leaflet in 29.3% of the patients, and 
intraventricular thrombus in 44.5%. These findings suggest that 
echocardiography is an important non-invasive diagnostic modality for 
evaluating cardiac manifestations of HES – thickening of postero-basal 
wall associated with impaired posterior mitral leaflet function resulting 
in mitral regurgitation and peripheral embolization and thrombus 
formation. The selection of the patients was based on criteria defined by 
Chusid and co-workers based on eosinophilic count and the exclusion 
of other known causes of eosinophilia [87]. The present findings are 
consistent with earlier reports of LV hypertrophy, endomyocardial 
thickening, bi-ventricular apical thrombus formation, posterior mitral 
leaflet involvement are classical echocardiographic features of HES 
suggesting restrictive physiology accompanied with regurgitation of 
AV valves [111,132]. Although ECG changes have been mentioned 
in literature, only the Parrillo study provided data on ECG changes in 
HES patients: LA enlargement, LV hypertrophy, ventricular premature 
complexes, poor R-wave progression, non-specific ST-T changes and 
first-degree heart block [90]. However, the role of ECG in diagnosis 
of HES is limited since it only provides evidence of cardiac pathology 
but does not reveal evidence of specific abnormalities associated with 
HES [132]. 

Besides echocardiographic findings in HES patients, there was no 
concrete evidence supporting diagnostic features of EFE and EMF from 
the available data and a meta-analysis was not feasible now because of 

marked heterogeneity of the available studies in terms of diagnostic 
methods, patient characteristics and outcome measures. EFE is a rare 
clinical entity and even a more rare cause of CM and its true incidence 
in the general population has remained unknown. Individual large-
scale studies are difficult to conduct and thus the small sample size used 
by the studies included in the present meta-analysis, which result in 
the lack of statistical power to determine common diagnostic features 
and any significant differences. Unlike HES and EMF, which have 
well-defined diagnostic (selection) criteria, the criteria for inclusion 
of EFE patients need to be clarified. EFE is a disease of infants and 
adolescents that lacks diagnostic guideline as well as it is difficult to 
diagnose at initial presentation. Dogan et al. recruited newborn with 
EFE associated with aortic stenosis diagnosed based on patients’ 
demographic, echocardiographic and cardiac catheterization, and 
angiography findings . Diagnostic findings provided included LVEF 
and fractional shortening. Schmaltz et al. [162] recruited seven infants 
with EFE diagnosed based on clinical picture, cardiac catheterization 
and angiography [163]. Diagnostic outcomes provided included a 
comparison between EFE and normal infants based on LV cavity 
dimensions, fractional shortening. Finally, Seki et al. recruited 52 
paediatric patients with explanted hearts diagnosed with DCM [141]. 
Diagnostic outcomes compared echocardiographic findings between 
DCM and EFE based on LV wall thickness, endocardial thickness and 
involvement of mitral valve and papillary muscles.

However, individual studies provided findings about pathological 
features that could assist in diagnosis of patients with EFE and EMF. 
Echocardiographic abnormalities are more common in HES patients 
(82%) compared to clinical, roentgenographic or electrocardiographic 
evidence of cardiac involvement (55%) [90]. Paediatric patients with 
EFE have significant LV wall thickness and endocardial thickness 
greater than that of DCM patients, as well as the involvement of mitral 
valve and papillary muscles [141]. In newborn with EFE secondary 
to aortic stenosis, systolic function is depressed and have a higher 
mortality rate (31%) [163]. Compared to normal infants, EFE infants 
have higher LV cavity dimensions and significantly reduced systolic 
function (fractional shortening). Finally, compared to healthy controls, 
EMF patients have a stronger IgG and a weak IgM reactivity with 
myocardial proteins of different loads, suggesting autoimmunity may 
play a role in the pathogenesis of EMF [49]. Whereas these findings 
suggest diagnostic feature that can be evaluated in the diagnosis of EFE, 
additional large-scale clinical trials or systematic review of case reports 
and case series may help to clarify their diagnostic role.

Conclusion
Endomyocardial diseases such as EMF, HES and EFE are rare but 

important causes of CM although they are underappreciated because 
they are described within the RCM phenotype under the structural-
functional classification of CMs. EMF and HES are closely related 
diseases because they may share an eosinophilic involvement in their 
pathogenesis while in EFE, cardiac abnormalities (aortic stenosis or 
anomalous coronary artery arising from pulmonary trunk), infections 
and genetic may be involved in the pathogenesis. Clinical presentation 
is non-specific and diagnosis is not straightforward in all three 
endomyocardial diseases. The diagnosis of EMF includes two of the 
following major criteria: endomyocardial plaque >2 mm thickness; 
thin (≤ 1 mm) endomyocardial patches affecting >1 ventricular wall; 
obliterated RV and/or LV apex; thrombi or spontaneous echo contrast 
without severe ventricular dysfunction; retraction of the RV apex 
and AV valve dysfunction. The presence of two other minor criteria 
may also help to confirm diagnosis. The diagnostic criteria for HES 
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is peripheral blood eosinophil count >1,500 cells/mm3 for at least 6 
months duration; signs and symptoms of end-organ involvement with 
evidence of eosinophil tissue infiltration; and exclusion of other known 
causes of eosinophilia. Only EFE lacks specific diagnostic criteria 
although its pathologic hallmark is diffuse endocardial thickening 
accompanied by myocardial dysfunction. Clinical management 
depends on the underlying disease. Clinical management of EMF 
consists of ameliorating acute disease by corticosteroid therapy and 
the treatment of signs and symptoms of HF using standard HF 
medications. Management of HES consists of reducing eosinophil 
count either medically (using corticosteroid and cytotoxic drugs) 
or surgically. Management of EFE consists of HF medication with 
optimization of volume status and management of rate control. For a 
better understanding of the natural course of endomyocardial diseases, 
additional research may be beneficial to paint a clear picture of its 
pathogenesis, improve diagnosis and develop targeted treatment.
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