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Tropical endomyocardial fibrosis in India was a common medical problem in the coastal districts of 
south India, especially the Kerala State. The clinical and autopsy studies have shown left and right 
ventricular apical fibrosis, with varying degree of atrioventricular valve regurgitation. Left ventricular 
endomyocardial fibrosis presents with severe pulmonary hypertension and right ventricular 
endomyocardial fibrosis presents very high systemic venous pressure and congestive cardiac failure. 
Surgical management improved the natural history of the disease to some extent. Various infectious and 
toxic factors were postulated regarding its aetiology. During the last few years, incidence of the disease 
has decreased considerably. The only explanation identified is the significant improvement in the living 
standards of the people with the corresponding decline in the childhood malnutrition, infections, worm 
infestation and associated eosinophilia.
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Introduction 

 The epidemiology of endomyocardial disease, 
is a ‘vanishing mystery’ in the southern districts of 
India especially in the coastal belt of Kerala state, 
which was once ‘the hot spot’ for this enigmatic 
disease1. On the other hand, the disease continues as 
the commonest cause of restrictive cardiomyopathy 
in Africa where it is a public health problem, widely 
discussed as a neglected tropical disease2. In a recent 
rural community survey in Mozambique, 20 per cent of 
the people studied had echocardiographic evidence for 
the disease with a male preponderance3. The disease 
affected children and young adults in an epidemic 
fashion with a geographical distribution (Fig. 1) within 
15 degrees on either side of the equator4. Historical 
aspects of this disease leave a bright reflection on the 

geographical pathology and scientific enquiry on to the 
causation of an enigmatic disorder. September 2012 
has marked the 65th year of the initial description of the 
disease and this centenary review gives an opportunity 
to outline the multi-disciplinary research that happened 
in India5. 

 JNP Davies first coined the term endomyocardial 
fibrosis (EMF) while working in Uganda and said that 
“he became convinced rightly or wrongly that he had 
met a new disease”6. He also discussed the initial clinical 
description of the disease by Bedford and Constam in 
19467. In fact, in 1938, Arthur Williams, the foundation 
professor of medicine at Makerere University, 
Kampala, Uganda had described two cases of mitral 
incompetence and correlated with large patches of 
fibrosis affecting the ventricular walls at necropsy and 
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this is perhaps the earliest documentation of EMF in 
literature. Davies joined the same hospital in 1946 and 
did his MD thesis on this disease where he described the 
pathological features as a distinct entity. At the Royal 
Society meeting in 1954 he described the classical 
four pathological features of EMF and its distribution 
in Africa8. The typical features described were right 
and left ventricular endocardial fibrosis, affecting the 
apex and inflow region with atrioventricular valve 
regurgitation. To honour his seminal contribution, the 
disease came to be known as the Davies’ disease9,10. 
At the Mulago hospital in Uganda, where he worked, 
this disease accounted for 15 per cent of the deaths due 
to congestive cardiac failure9. Bedford, who visited 
the University in 1948, encouraged him to publish his 
observations and Arthur Williams and JD Ball were 
his co-authors. Later, JD Ball, with his missionary 
job joined Christian Medial College Vellore in India 
and identified the pathological specimens at autopsy 
which he shipped to Davies for confirmation. Thus, the 
disease was reported from India for the first time.

 Samuel and Anklesaria published this initial autopsy 
series from south India in 196011,12. CK Gopi, in 1962, 
from Trivandrum, described the specimen kept in the 
hospital autopsied in 1950s as a case of right ventricular 

endomyocardial fibrosis with right atrial thrombi12. 
This was published earlier as a case of “Ball valve 
thrombus in the right atrium”. The initial pathological 
reports were followed by the description of clinical and 
angiographic features13,14. The triad of elevated jugular 
venous pressure, ascites and hepatomegaly formed the 
hallmark of right ventricular EMF, which can present 
with cyanosis and clubbing because of stretch opening 
of foramen ovale15,16. Mild cardiomegaly, loud left 
ventricular third heart sound, short systolic murmur and 
severe pulmonary hypertension formed the hallmark 
for the diagnosis of left ventricular endomyocardial 
fibrosis11. Routine laboratory evaluations are rarely 
abnormal, and a variety of other investigatory features 
were utilized for the diagnosis17-23. Chest X-rays show 
varying degree of cardiomegaly and at times typical 
endocardial calcification23. Fig. 2 summarizes the 
radiologic spectrum in endomyocardial fibrosis.

 Electrocardiogram shows low voltages, some 
features of ventricular hypertrophy with intra- 
ventricular conduction defects and non specific ST T 
changes20. Right ventricular EMF with severe right 
atrial dilatation is reflected in the electrocardiogram 
as qR pattern in v1. Evolution of two dimensional 
and colour Doppler echocardiography identified the 

Fig. 1. Geographic distribution of endemic regions of endomyocardial fibrosis. Reprinted with permission from BMJ Publishing Group Ltd. 
[Heart 2009; 95 : 9-14]1.



typical Doppler and two dimensional features like 
atrial dilatation, spontaneous intracavitary echos 
which preceded the formation of thrombi17. The 
atrioventricular valve abnormalities, right and left 
ventricular apical fibrosis detected by 2-dimensional 
echocardiography made the diagnosis of this disease 
very easy. Attempts were made to characterize the 
tissue texture variations of fibrosis by colour coding18. 
Today echocardiography is used as the screening 
tool at the community level as the diagnosis of EMF 
could be confirmed at the bedside. Advanced imaging 
techniques like magnetic resonance imaging (MRI) 
and haemodynamic studies are done only for research 
purposes3,19. Two dimensional echocardiographic 
feature of left ventricular endomyocardial fibrosis is 
illustrated in Fig. 3.

 The typical haemodynamic finding on cardiac 
catheterization is the dip and plateau pattern of restrictive 
ventricular filling, which does not show pressure 
equalization between ventricles, unlike constrictive 
pericarditis. Fig. 4 illustrates the typical angio-
cardiographic features of endomyocardial fibrosis11,14.

Pathology

 Sub-endocardial fibrosis affecting the apices and 
the inflow tract of the right or left ventricle, or both, 
defines the disease8. This restrictive scarring prevents 
ventricular filling, generating a loud third heart 
sound. Fibrosis of the papillary muscles produces 
atrioventricular valve regurgitation, which aggravate 
the progressive atrial dilatation and leads to atrial 
fibrillation1. Tricuspid regurgitation is the mildest form, 
since plastering of the posterior tricuspid valve is better 
tolerated in the pulmonary circulation8. Calcification, 
an impressive finding on imaging denotes a burned 
out phase. Like the peculiar geographical distribution, 
the fibrotic endomyocardial involvement stops short 
of the ventricular outflow tract like a ridge24. Though 
atrio-ventricular valve regurgitation is typical of the 
disease, isolated right ventricular inflow obstruction 
and right ventricular outflow tract obstruction have 
been observed in isolated reports25,26. 

 At gross examination, the ventricles look small with 
grossly dilated atria, and thrombi are usually seen in the 
atria denoting stagnation and atrial fibrillation9,10. The 
pericardium looks normal but pericardial effusion and 
ascites are common findings27,28. The fibrotic retraction 
of the right ventricular apex produces the typical apical 
dimple29 which is demonstrable by 2-dimensional 
echocardiography. The fibrotic thickened endocardium 
can be decorticated as a separate layer from the rest of 
the myocardium, which forms the basis of the surgical 
procedure of endocardiectomy1. Often, the damage to 

Fig. 2. The radiologic spectrum in endomyocardial fibrosis. (A) 
Incidental detection of endocardial calcium during coronary 
angiogram, (B) Massive cardiomegaly in a patient with congestive 
cardiac failure. Lower panel shows the fluoroscopic images 
of endocardial calcium in frontal (C) and lateral view (D), 
short arrows show, right ventricular and long arrows show left 
ventricular endocardial calcium. Reprinted with permission from 
BMJ Publishing Group Ltd. [Heart 2009; 95 : 9-14]1.

Fig. 3. Two dimensional echocardiogram of left ventricular 
endomyocardial fibrosis showing dense calcified fibrous tissue 
obliterating the cavity of the ventricular apex. LV- left ventricle, 
LA - left atrium and AO - aorta.
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the chordo-papillary structures warrants atrioventricular 
valve replacement. Microscopic and ultramicroscopic 
studies have shown a superficial layer formed by the 
fibrotic tissue rich in mucopolysaccharides, and also 
a deeper layer, which has lymphocytic infiltration 
with dilated lymphatics and damaged myocytes. The 
myocytes in the periphery are hypertrophied with normal 
epicardial coronary vessels and microvasculature29,30.

Clinical course 

 The early part of the disease is rarely clinically 
recognized in India and the disease comes to attention 
in the late stages and isolated endocardial involvement 
and intracardiac thrombi are the peculiar features1. 
Davies described three phases of the disease in his 
patients from Uganda. The initial phase is an acute 
carditis phase, characterized by febrile illness and in 
severe cases with heart failure and shock9. Those who 
survive this acute illness, progress into a sub acute 
phase followed by a chronic phase. Most of the patients 
come to clinical attention in this chronic burnt-out 
phase. Because of the abbreviated natural history, most 
authors have not identified progression of the disease in 
the other ventricle when one of the ventricles alone is 
involved. Though surgical series from the west has noted 
progression of the disease, data from our centre has not 
documented the progression of the disorder20,29. Once 
clinically diagnosed, the onset of complications like 

atrial fibrillation, thrombo-embolism, and progressive 
atrioventricular valve regurgitation abbreviates the 
natural history29. This is one of the rare disorders 
where spontaneous evolution of Fontan physiology 
is illustrated31. Fontan physiology is characterized by 
elevation of the mean systemic venous pressures above 
the diastolic pulmonary artery pressures. Because of 
this documented increase in systemic venous pressures 
above the pulmonary artery diastolic pressures, initial 
reports of right ventricular endomyocardial fibrosis were 
discussed as “isolated systemic venous hypertension”. 
The classical features of this isolated systemic venous 
hypertension include dilated hepatic veins, which show 
minimal inspiratory collapse, significant elevation of 
jugular venous pressure with prominent atrial waves, 
stretching open of the foramen ovale, which leads 
to right to left shunting and central cyanosis with 
clubbing15. The tricuspid valve is essentially normal 
in structure and function and the impaired filling of 
the ventricle with the augmented atrial contraction 
leads to diastolic opening of the pulmonary valve 
demonstrable by colour Doppler, pulsed Doppler and 
intracardiac pressure recording14. With the onset of 
atrial fibrillation, the right sided chambers act as a 
passive conduit, the forward flow essentially is now 
maintained by the elevated systemic venous pressure 
and intrathoracic pressure changes of respiration as 
in surgically created Fontan circulation31. Pericardial 

Fig. 4. Angiocardiographic features of typical endomyocardial fibrosis showing apical ventricular cavity obliteration. (A) left ventricular 
angiogram in right anterior oblique view and the arrow points to an apical diverticuation, and (B) shows right ventricular angiogram in 
shallow right anterior oblique view. Reprinted with permission from BMJ Publishing Group Ltd. [Heart 2009; 95 : 9-14]1.
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effusion and ascites dominates the clinical picture of 
right heart failure27. Ascites in endomyocardial fibrosis 
is out of proportion to pedal oedema as the cardiac 
index is maintained for a long time. However, the very 
high venous pressure results in high protein content in 
the pericardial and ascitic fluid. Why pleura are spared 
in these effusions is yet another peculiarity noted. Fig. 
5 shows the clinical and echocardiographic features of 
isolated right ventricular fibrosis. 

Geographic pathology and associations

 Historically, one of the most intriguing aspects 
of the disease is its peculiar occurrence in certain 
pockets of the world4. The disease is most common in 
the tropics 150 on either side of the equator5. Isolated 
case reports have been published from various parts of 
the world but many of these patients had long stay in 
the regions of endemicity. The initial description from 
Africa was followed by similar reports from Venezuela, 
Colombia and Brazil. Reports from Ceylon and India 
completed the “geographical belt” which mimicked 
that of Burkitt’s lymphoma32. Subsequent studies 

identified Kerala as the hot spot for the disease with 
isolated reports from rest of India as well33. In Kerala 
during late 1970s and 1980s, 2.5 per cent of all cardiac 
admissions below the age of 40 years were contributed 
by patients with EMF29. In 1980 alone Trivandrum 
medical college registered 36 new patients with 
endomyocardial fibrosis, which was one of the highest 
reported numbers from India34. During the same period, 
>20 per cent of the patients below the age of 40 years, 
who got admitted with heart failure in the Ivory Coast, 
were diagnosed to have this disorder29. Many reports 
from Britain and other temperate countries have 
appeared in the literature, but those affected were 
migrants from tropical countries or in those native 
Europeans who resided in tropical countries for a 
long period29. This geographic localization to specific 
coastal belt and involvement of people in the lower 
socio-economic group intensified the research efforts 
on specific issues that can be postulated as the possible 
aetiology of this disease35,36. These efforts established 
international collaboration to compare and contrast the 
clinical features of similar rare disorders like Loffler’s 

Fig. 5. The clinical and echocardiographic features of right ventricular endomyocardial fibrosis. Clinical picture (E) shows the massive 
ascites with no pedal oedema. Echo pictures A to D show: A. apical 4 chamber view showing the fibrotic obliteration of the right ventricle 
(RV), with apical dimpling, grossly dilated right atrium (RA). B. M mode colour Doppler, of the pulmonary artery showing atrial systolic 
forward flow into pulmonary artery. C. M Mode echo showing atrial systolic opening of the pulmonary valve. D. Colour Doppler M mode 
echocardiogram showing the diastolic forward flow into pulmonary artery. Reprinted with permission from BMJ Publishing Group Ltd. 
[Heart 2009; 95 : 9-14]1.
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Fig. 6. Summarizes the clinical features of the subjects seen with endomyocardial fibrosis in the tropics and the United Kingdom as reported 
in 198337. Reprinted with permission from bmj.com [Postgrad Med J 1983; 59 : 179-85].

endocarditis and to define the role of nutrition, 
immunologic factors and eosinophils in the causation 
of EMF37,38 (Fig. 6).

 Initial reports suggested some association with 
malaria, toxoplasma infection, rheumatic fever, 
chronic beriberi, loa loa infection, and lymphatic 
obstruction due to filariasis26. Indian Council of 
Medical Research took the lead and encouraged the 
research activities in India. These efforts culminated in 
two international symposia dedicated to understanding 
of this disorder34,39. Nutrition, infection and toxic 
factors were the main topics of discussion regarding 
its aetiolgy16,29,36. Establishment of local registries 
further defined the natural history and the outcomes of 
attempted surgical palliation40. Attempts were made to 
generate animal models13,41. 

 Reports of eosinophilic heart disease from the 
non tropics suggested that endocardial fibrosis could 
be the final result of a circulating toxic factor42. 
Brockington and Olsen collected the specimens from 
various centers and established that the final stages 

of endemic endomyocardial fibrosis and sporadic 
Loffler’s endocardial disease are indistinguishable43. 
Eosinophils formed the centre stage for study during 
the 1980s. Clinical differences between the endemic 
disease in Kerala and sporadic disease in the West were 
discussed29,37. The tropical region with its heavy load of 
filarial infection and worm infestation had eosinophilia 
as a common disorder in childhood, which was 
postulated to initiate the disease in susceptible children. 
The systemic phase remained unrecognized and the 
patient came to clinical attention during the burnt-out 
phase. In contrast, non tropical eosinophilic syndrome 
affected people of better socio-economic category with 
male preponderance. The acute phase of eosinophilia is 
characterized by a systemic phase with thromboembolic 
complication, which later evolved into the fibrotic phase 
in survivors, indistinguishable from endomyocardial 
fibrosis44. The descriptions of coexisting rheumatic heart 
disease, aorto-arteritis, endocarditis, connective tissue 
diseases and occurrence in siblings were sporadic45,46. 
Eosinophilic origin of this disorder could not be proven 
by epidemiologic studies47.
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 The cyanogenic glycosides in tapioca, and 
Argemone mexicana, high vitamin D and cerium 
content of tapioca, serotonin in plantain were the toxic 
agents evaluated29,36,48. Induced protein deficiency with 
dietary excess of carbohydrates provided by banana 
and tapioca rich diets were used to induce animal 
models41,48-50. Spontaneous cardiomyopathy similar to 
endomyocardial fibrosis is reported in cats, whereas 
animal models were generated in dogs, monkeys and 
rats. The toxic theory got further support when patients 
on treatment with adriamycin and methysergide 
developed similar endocardial thickening29. Potassium 
deficiency because of repeated episodes of diarrhoea; 
collagenosis of connective tissue disorders, cirrhosis 
and infections were considered because of the 
temporal association in some patients but could not be 
substantiated8,51. Isolated right ventricular involvement 
in carcinoid heart disease generated lot of interest to 
identify a dietary toxin, similar to serotonin52. Excess 
of plantain consumption, which was high in serotonin 
but low in protein, was observed in this endemic 
population and therefore, was investigated in great 
detail from a causative stand point53. But none of 
these causes postulated could establish itself as the 
reason for the enigmatic disease54. Protein deficiency 
during childhood and during pregnancy, is postulated 
for the bimodal distribution of the disease in women55. 
Certain pockets in Uganda and Nigeria in Africa, and 
Kerala in south India, were identified as endemic for 
the disease. High content of lanthanides in the soil in 
these regions generated a new geochemical hypothesis 
on the generation of this disease33,56. The high content 
of cerium in the diet which is fibrogenic for the 
heart, and the process is exacerbated because of the 
magnesium deficiency occurring in children because 
of malnutrition and diarrhoeal disorders57. The high 
level of cerium and relative magnesium deficiency 
noted in the cardiac tissues, could be shared by other 
organs of the body as well and so why the heart alone is 
affected remains unexplained58. By and large, poverty 
and eosinophilia are risk factors for developing the 
disease, and newer modes of evaluations could 
decipher the entire sequence of evolution59,60. 

Changing natural history of endomyocardial 
fibrosis

 Gupta and colleagues40 defined the natural history of 
the disease in Kerala in the late 1980s. Follow up of the 
initial 200 patients showed a 10 year survival of only 37 
per cent40. Ascites, atrial fibrillation and New York Heart 

Association (NYHA) class IV were the poor prognostic 
indicators. Eighty nine patients, who underwent 
endocardiectomy with mitral valve replacement had 
an actuarial survival of 55 per cent during the same 
period1. Significant decline in the number of new cases 
happened in the hospital admissions in Kerala in the 
subsequent decades26. The new cases detected were 
incidental when evaluated for other cardiac disorders 
like coronary artery disease, and were a decade older. 
Natural history in them was more favourable with less 
than 10 per cent mortality on seven years follow up. 
The average number of cases seen declined by half in 
the last decade, compared to the previous decade. The 
mean age of the patients seen is now 33 yr compared 
to 25 yr in the previous decade, suggesting that people 
who were asymptomatic in the previous era are now 
being picked up on evaluation20. There are no patients 
below 10 yr, whereas in the previous decade, 28 per 
cent were below the age of 15 yr. The patients are less 
symptomatic and older. The majority are incidentally 
diagnosed when evaluated for electrocardiographic or 
echocardiographic abnormalities. 

 Temporal correlates of this changing natural 
history are worth analyzing. The period noted in the 
natural history studies belong to the 30 year period 
of 1976 to 200726,40. During the same period, Kerala 
witnessed substantial economic, nutritional and health 
transitions61. Cassava and plantain are no longer the 
staple diet for the Keralites. The per capita calorie 
consumption increased from 1600 to 2100 Kcals. The 
nutritional deficiency disorders were replaced by those 
of overnutrition and currently, Kerala is the diabetic 
capital for India62. Thanks to the good female literacy, 
health status of Kerala is acclaimed as an example for 
good health at low cost63. A community survey shows 
that there is a substantial decline in worm load per 
child64. The pot bellied children with multiple worm 
infestation, are no longer seen in the coastal belt of 
Kerala. Filarial endemicity continues to be little less, 
with rigorous governmental programmes initiated 
for its control65. Eosinophilia in children is now 
uncommon. There is substantial decline in rheumatic 
fever and rheumatic heart disease in children of Kerala 
correlating with the improved health care services 
and quality of life66. The question which needs to be 
answered now is what really caused this decline; is it 
the change in living standards, or change in the dietary 
pattern or the reduction in childhood infections? By 
and large, endomyocardial fibrosis could be a reaction 
pattern of the endocardium to a variety of insults29. 
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Presence of interstitial fibrosis, myohypertrophy, and 
calcification speaks of the role of cytokines in its 
genesis1,29. Predominant right ventricular involvement 
in children could indicate an insult when the right 
ventricle could be more susceptible. Right ventricle 
receives most of the umbilical venous return in utero and 
is more dominant. But no antenatal cases are reported 
till date and the youngest report is that of a 4 month 
old baby67. The inflammatory response occurring in the 
younger age group could manifest as calcification in 
later years. Whether this calcification has its similarity 
to vascular and valvar calcium occurring in older age 
group; if so, could it be the factor which holds the key 
for unraveling this mystery?68 

The time tunnel 

 Irrespective of intense multi faceted research, 
endomyocardial fibrosis continues to be an enigmatic 
disorder5. The specific endocardial involvements, 
localization to certain geographical pockets, 
propensity to affect the poor and typical endocardial 
calcification are the peculiarities of this disease. 
The slow disappearance of the disease from Kerala 
with improving socio-economic and health status 
adds credence to the nutritional and inflammatory 
components postulated in its genesis26,59. Dominant 
right ventricular involvement, argues for toxic 
factors which are removed at the lung, or a factor 
which affects the heart when the right ventricle is 
dominant or predisposed, as during in utero life. 
Advanced evaluation like extending to genomics 
and proteomics is likely to throw light on the final 
common pathway which leads to endocardial damage 
and fibrosis60. 

Addendum: Subsequent to the preparation of this 
manuscript, there has been a report from South West 
Nigeria, by Akinwusi PO and Odeyemi AO [Clin Med 
Insights Cardiol 2012; 6 : 163-8] on the changing 
pattern of Endomyocardial fibrosis where they have 
observed a substantial decline in the number of 
clinical cases during similar time period.
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