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Endomyocardial fibrosis
M. s. VALIATHAN

INTRODUCTION
Among the three types of cardiomyopathy (dilated, hyper-
trophic and restrictive), endomyocardial fibrosis (EMF)
belongs to the restrictive variety which is the least common. I
It is characterized by scarring of the endocardium and
the subendocardial myocardium leading to restriction of
ventricular filling and diastolic dysfunction. Much confusion
has resulted from the scientific campaign to categorize
tropical EMF with Loeffler's endomyocardial disease and
redesignate both under the generic term of eosinophilic
endomyocardial disease." In fact, the two diseases are so
different in epidemiology, clinical features and eosinophilic
profile that they cannot even be construed to be different
stages of the same process.! On the basis of available evidence, .
tropical EMF must be regarded as a separate entity.

HISTORICAL PERSPECTIVES
Bedford and Konstam noted, during the Second World War,
that the hearts of 17 out of 40 West African soldiers at
autopsy had 'obvious and extensive subendocardial fibrosis,
with fibrous areas resembling shallow infarcts in the ventricles,
adherent to which were organized ante-mortem clots'. 4 It
was Davies who recognized the importance of these cardiac
lesions and described 24 cases of EMF in Africans from
Uganda.' The classic studies in Uganda also covered the
spectrum of natural history ,6 haemodynamic changes," cardiac
biopsies" and the possible role of autoimmunity. ~Apart from
identifying a new entity, the description of the cardiac lesions
by Davies facilitated the distinction between EMF and other
cardiomyopathies which were reported soon afterwards from
Africa and other continents. By the 1960s, EMF as defined
by Davies in Uganda was known to be prevalent in Nigeria,
south India and Brazil. 1~12

With the advent of echo cardiography , there was great
progress in the diagnosis and follow up ofthe disease. Similar
advances occurred in treatment, thanks to the resection of
the fibrosed endocardium and replacement of the affected
atrioventricular valves. The clinical course of the illness
following medical and surgical treatment was also observed
in long term studies. However, aetiopathological research
failed to keep pace with clinical studies and the control and
reversal of the disease process continued to remain elusive.
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PREVALENCE
Endomyocardial fibrosis occurs more commonly in the
poorer inhabitants of the tropics. Of more than 780 cases
reported in the last two decades, 730 originated from
Uganda, Nigeria, the Ivory Coast, India (Kerala) and Brazil,
all of which fall within ISO of the Equator. The disease
accounted for 15% of all deaths due to heart failure in
Uganda.P 22% of all acquired heart disease in Nigeria!' and
20% of all causes of heart failure in patients less than 40 years
of age in the Ivory Coast. 14 In Kerala, these patients constitute
2.5% of those under 40 years who attend cardiac referral
centres (Fig. 1).

In addition to the equatorial preference, there are inter-
national variations in the distribution of EMF. In Nigeria, it
is endemic in the southwest but rare in the hot, dry north."
In India its prevalence is highest in Kerala with very few cases
being reported from the rest of peninsular India or the
north."

It affects mainly children and young adults from the poor
socio-economic classes. Parry noted that 70% of patients
were below 20 years in Nigeria 17 and Shaper found more than
65% to be less than 35 years in Uganda. 18 More recently,

FIG 1. Photograph of a patient with endomyocardial fibrosis
showing a puffy face and abdominal distension
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in Kerala, 77% of the patients were less than 34 years of age.
There is little evidence to suggest a racial or ethnic pre-
disposition.

CARDIAC LESIONS
Since the classic description of the pathological changes in
the heart from Uganda.'? histopathological and ultrastructural
changes in EMF have been reported in detail from many
countries.13,2(}"'22The disease is easily recognizable when
the heart shows severe endocardial fibrosis with shrunken
chambers and adherent atrioventricular valves, but the gross
appearance offers little help in tracing its origin to the
hypereosinophilic syndrome, methysergide toxicity or metal
ion imbalance of the tropics. The other organs are spared
unless heart failure has set in and there are no lesions which
are specific to EMF on histopathological or ultrastructural
examination. For the diagnosis of EMF, the cluster of gross
and microscopic findings is as important as the absence of
lesions which characterize other cardiac muscle diseases. The
following description of the cardiac lesions is based on the
study of autopsy material and biopsy specimens from over
130 patients at the Sree Chitra Tirunal Institute of Medical
Sciences and Technology, Thiruvananthapuram.

The basic feature of the disease is severe endocardial
fibrosis which obliterates the trabecular pattern in the
ventricles. When diffuse, the fibrosis involves the entire
inflow and the apex including the papillary muscles and
diminishes the size of the ventricular chamber (Figs. 2 and
3). The leaflets of the atrioventricular valves are thin and
uninvolved unless embedded in the fibrous layer with the
chordae. When the valvular involvement leads to tricuspid or
mitral regurgitation, the right atrial enlargement in particu-
lar, can reach gigantic proportions with the formation of in-
tracavitary thrombi. Patchy fibrosis commonly involves the
base or the apex of the papillary muscles and may tether the
posterior mitral leaflet with resultant mitral regurgitation in
the absence of cavity obliteration. It is not uncommon for
one ventricle to show focal lesions at the apex or the base of
the papillary muscle when the contralateral ventricle has
diffuse involvement. 23

Microscopically, the thickened endocardium (Fig. 4)
consists of a superficial compact layer of collagen with
occasional hyalinization or calcification and a deeper,
spongy zone with capillary channels and sparse lymphocytic
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infiltrates. Eosinophils are seldom seen. Subendocardial
myofibres often show degenerative changes with scattered
focal scarring. Occlusive arteriopathy is infrequently seen
and dilated lymphatics are equally rare. The main ultrastruc-
tural features are atrophic and hypertrophic changes in the
myocytes, interstitial fibrosis and marked thickening and
layering of the capillary basement membrane. 22

When extensive disease is present in one ventricle, it is
interesting that the contralateral ventricle with mild or no
visible lesion does not show necrotic, thrombotic or inflam-
matory changes. What is, however, striking is the frequent
presence of increased interstitial cellularity and fibrosis in the
biopsy samples from the contralateral ventricle. A similar
finding has been reported in biopsy studies earlier." It was
suggested that the. increase in interstitial cellularity and
matrix components may signify the primary response in EMF
to be a reactive stromal change.P

HAEMODYNAMIC ALTERATIONS
The haemodynamic phenomena in EMF reflect the altered
compliance of the ventricular wall and valvular regurgitation
at the atrioventricular level. 24The right atrial and ventricular
pulse pressures show an early dip followed by a plateau,
indicating the reduction in ventricular compliance. As the
tricuspid valve gets adherent and valvular regurgitation
worsens, the pressure waves from the right atrium, right
ventricle and pulmonary artery tend to equalize in amplitude
and contour. In left ventricular involvement, a similar dip-
plateau type of pressure curve is often seen with a gradual
rise in the end-diastolic pressure and secondary elevation
of the pulmonary artery pressure in response to the pro-
gressive increase in fibrosis. In biventricular disease, the
haemodynamic changes mirror the events of the dominant
side. These alterations are the basis of several of the clinical
findings in EMF.25

IMAGING
Before the advent of two-dimensional echocardiography,
angiography was the sole means of delineating the cardiac
chambers in EMF:. In the right ventricle, the early angio-
graphic changes are alteration of the trabecular pattern at the
apex with irregular, small filling defects along the septum.
These are followed by the obliteration of the ventricular apex
which, in later stages, involves the right ventricular inflow as

FIG3. Peroperative photograph of
endocardiectomy

FIG 4. Photomicrograph of massively
thickened endocardium in
endomyocardial fibrosis. Masson's
trichrome (x 10)

FIG2. Right ventricular outflow in an
autopsy specimen of endomyocardial
fibrosis. Thick whitish fibrous tissue is
seen at the apex and base of the
anterior papillary muscle
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well. 26 Tricuspid regurgitation commonly increases with
advancing endocardial fibrosis and leads to massive enlarge-
ment of the right atrium which may show filling defects due
to the presence of thrombi. In left ventricular EMF (Fig. 5),
the early stages may be heralded by the loss of fine trabecula-
tions and the smoothening of the ventricular contour. As the
disease advances, the apex and distal part of the body
become progressively obliterated with the appearance of
contrast in the crevices and outpouchings of the distorted
chamber.P When the chordae and papillary muscles become
adherent, mitral regurgitation appears even though the
correlation between the severity of mitral regurgitation and
the extent of cavity obliteration is not necessarily constant.

The use of angiography has declined, following the advent
of two-dimensional echocardiography, even though it con-
tinues to remain the gold standard for the diagnosis of EMF
and provides an opportunity for taking endocardial biopsies.
The typical two-dimensional echo cardiogram in right
ventricular EMF (Fig. 6) shows a reduced cavity with an
apical notch, adherent tricuspid valve, giant right atrium
with possible thrombi and pericardial effusion." In left
ventricular disease, patchy involvement of the endocardium
may be shown by the enhancement of echoes. Other findings
include plastering of the posterior mitral leaflet, obliteration
of the apex and the presence of endocardial calcification.
Often mitral regurgitation of varying degrees of severity
accompanies the fibrotic changes. Two-dimensional echo-
cardiography has been a useful tool for not only establishing
the diagnosis but also for monitoring the changes in cardiac
morphology during long term follow up.

ROLE OF ENDOMYOCARDIAL BIOPSY
Since the tissues obtained during surgery or at autopsy
represent the late stage of the disease, endomyocardial
biopsy for early diagnosis had interested investigators in
Uganda." Due to the advances in instrumentation and
greater experience, endomyocardial biopsy has now become
standard practice for establishing the diagnosis of cardio-
myopathies. In right and left ventricular EMF, the bioptome
is introduced into the ventricular cavity through the femoral
vein or artery and biopsies obtained from the apex of the
right or left chamber. Endomyocardial biopsy helps to
differentiate EMF from other types of restrictive cardio-
myopathies and even constrictive pericarditis.P-" While
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changes such as endocardial thickening by dense collagenous
tissue, organized thrombi and infiltration by mild focal
inflammatory cells would suggest the diagnosis of EMF, the
presence of amyloid, for example, may indicate a different
type of restrictive cardiomyopathy.

In biopsy studies, Talwar et al. found features of EMF in
18 out of 32 patients who had angiographic evidence of
restrictive cardiomyopathy. 31 None of their biopsies showed
evidence of myocarditis or eosinophilic infiltration. How-
ever, the technique has limitations-the tissue obtained may
be from an unaffected site or may be inadequate due to
endocardial fibrosis unless multiple samples are taken.

TREATMENT
So long as the cause is unknown, the treatment of EMF can
be no more than palliative. Limited to the management of
congestive heart failure in the early stages, medical therapy
has a role in the treatment of patients with mild or moderate
functional disability [New York Heart Association (NYHA)
classes I and II]. As the disability worsens, surgery becomes
mandatory and the procedure consists of resection of the
fibrosed endocardium (Fig. 3) and replacement of the mitral
and/or tricuspid valves (Fig. 7). Since this technique was
introduced by Dubost.F it has been adopted with minor
variations in Brazil, the Ivory Coast and Kerala33-35 where
the surgical experience has been the largest. In all the three
series, more than 90% of the patients belonged to NYHA
class III or IV at the time of operation and the operative
mortality was in excess of 20% in Brazil and Kerala whereas
it was 16% in the Ivory Coast. The main determinants of
operative mortality seem to be advanced functional disability
and in Kerala, the age of the patients. In view of the long
term complications related to prosthetic and bioprosthetic
valves, Oliveira developed a technique of endocardiectomy
and valvular reconstruction with good initial results. How-
ever, the long term outcome and feasibility in the advanced
stages of right ventricular EMF await appraisal. 36

The option for medical or surgical treatment is determined
by the clinical course of patients following either mode of
therapy. On medical management, the overall survival has
been reported to vary from 26% to 37% at 10 years37-39 even
though the subset belonging to NYHA classes III and IV
fares much worse as 52% die very early." Since the majority
of surgical survivors have excellent functional improvement,

FIG 5. Angiographic appearance of left
ventricular endomyocardial fibrosis.
Note the apical 'cut off'

FIG 6. Two-dimensional
echocardiographic picture of-right
ventricular endomyocardial fibrosis. A
ball thrombus is present in the right
atrium

FIG7. Angiographic appearance of the
left ventricle after valve replacement
and endocardiectomy. Ventricular
morphology has returned to normal
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the consensus at the present time is to recommend surgery
for patients in NYHA classes III and IV, operative mortality
notwithstanding.

CAUSATION: EVOLVING CONCEPTS
The causation of EMF continues to provoke a lively discus-
sion after many years of its identification in Uganda. Because
of the similarity in the morbid anatomy of the heart in EMF
and Loeffler's endomyocardial disease in the terminal stage,
Olsen argued that both conditions were the end results of
eosinophilia and endomyocardial damage by eosinophil
breakdown products. However, there is little evidence to
support his claim on the basis of careful studies made on
tropical EMF by workers in Kerala, Uganda and Nigeria.3,41,42

The unitarian theory of Olsen is based on morphological
similarity which does not necessarily signify aetiological
identity. For example, atherosclerosis in the native coronary
arteries of a septuagenarian may resemble the coronary
atherosclerosis seen in a 20-year-old man's heart a few years
after transplantation; but their aetiologies are far from
identical.

Based on serological studies in Nigeria, Falase believes
that EMF is the sequel to an initial episode of myocarditis by
Toxoplasma gondii. 42 This view has been questioned because
EMF is a distinct clinico-pathological entity while toxo-
plasmosis is an opportunistic infection. On the other hand,
while disagreeing with the view that tropical EMF is a variant
of Loeffler's endomyocardial disease, Shaper has restated his
hypothesis that EMF in the tropics is an immunological reac-
tion to some organism, possibly specific, which initiates a
pancarditis leading to progressive fibrosis."

In sharp contrast to the views mentioned above, the
geochemical hypothesis points out that the common feature
of the tropical belt where EMF is prevalent is the latasolic soil
which is rich in minerals such as monazite." The presence of
enhanced levels of cerium-the main rare earth element in
monazite-and lower concentrations of magnesium in the
endomyocardial tissue of patients with EMF suggest that
magnesium could be replaced by cerium to the detriment of
cardiac energetics.f The substitution of magnesium by
cerium." enhancement in the level of cerium by magnesium
deficiency.v stimulation of collagen synthesis by cerium at
nanogram levels'? and the higher uptake of cerium by the rat
myocardium rather than the skeletal muscle" have added
support to the geochemical hypothesis. According to this
view, the morphological similarity of the heart in EMF,
Loeffler's disease and methysergide toxicity is not the result
of an identical cause for which there is little evidence; it may,
however, represent a similar response of the heart to organic
or inorganic stimuli which trigger myocyte degeneration and
interstitial proliferation. This hypothesis awaits confirmation
in an animal model.
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