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Background: Endomyocardial fibrosis (EMF) is a neglected cardiovascular disease of poverty which carries
a poor prognosis with no specific treatment affecting mainly children and young adults. Here, we report our
10-year experience in the therapeutic management and surgical treatment for EMFE.

Methods: From February 2009 to 2019 March, 55 patients diagnosed with EMF from our cardiology
unit underwent surgical repair at our department’s pediatric surgical division. There were 35 male, and
20 female patients whose ages varied from 1 year 2 months to 12 years mean age 5.7 (+3.2). We designed
the study aimed at assessing the cardio-structural abnormalities and coronary vascular changes faced with
EMF patients using echocardiography, and coronary angiography with a detailed and thorough surgical
examination of each case.

Results: Of the 55 operated patients, 1 had mild lesions, 26 had moderate lesions, and 28 had severe
heart disease. All but one patient was in NYHA functional class III or IV at the time of surgery. All but one
female patient with mild ventricular lesions and no valvular involvement had severe atrioventricular valve
regurgitation with valves considered suitable for both replacements; 45 patients mean age 6.0 (+3.1) and
repair nine patients mean age 3.8 (¢2.9). The mean endocardial thickness was 3,000 (£1519) pm.
Conclusions: The echocardiographic changes corresponded well to the findings on surgery and
histopathology. The coronary changes seen included a spectrum of fibrin deposition, medial sclerosis and
degeneration, and the formation of plexiform lesions. Surgically evaluating the resected cardiac tissue might

help improve disease management.
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Introduction by an impaired diastolic filling of either one or both

ventricles as a result of the fibrous tissue deposition on the

Endomyocardial fibrosis (EMF) initially described during endocardial surface, variable degree of systolic dysfunction,

episodes of rapidly progressive heart failure (HF) usually atrioventricular valve dysfunction, and associated intra-

associated with atrioventricular-valve regurgitation or from cavitary thrombi. Its physiology leads to the right and left
HE or even both carrying a significantly poor prognosis,

with an estimated survival of 2 years after diagnosis. With

autopsies of patients who died from an advanced disease (1-3)
is cardiomyopathy, that predominantly affects children

and young adults. Although its etiology, pathogenesis, and
natural history remains unclear, the disease is the most

common cause of restrictive cardiomyopathy, characterized
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no currently specific drug therapy, surgery (valvular repair/
replacement) though technically challenging and not
available in most endemic areas corrects hemodynamic
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Figure 1 Preoperative chest X-ray features of advanced
endomyocardial fibrosis of one of the older children (11 years old

boy) showing marked cardiomegaly.

abnormalities thereby, improving the quality of life (4,5)
for all patients in NYHA III or IV and the resection of the
thickened endocardium.

The use of cardiac magnetic resonance imaging (MRI)
helps provides the information such as; presence or
the absence of thrombi’s, and the degree of myocardial
involvement given a chance for non-invasive monitoring of
the disease’s progression and prognostication (6). However,
its availability in endemic areas is meager, where the
diagnosis is based on echocardiography. Irrespective of the
part of the world one lives, EMF remains a challenging and
mysterious cardiovascular disease poorly understood since
its first description in 1948 with its variable phenotypic
expression (depending on the stage at which it’s been
diagnosed) leading to HF and sudden death in children
and adolescents (7). In this study, histopathological and
surgical findings were compared to those obtained by
echocardiography.

We designed the study aimed at assessing the cardio-
structural abnormalities and coronary vascular changes
faced with EMF patients using both transthoracic
echocardiography (TTE) (preoperatively), and
transesophageal echocardiography (TEE) (intraoperatively),
with a detailed and thorough surgical examination of each
case. We further evaluated the histopathological, and
histomorphological changes in tissue(s) obtained from the
excisional biopsies after surgery using both routine and
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immunohistochemical methods, with clinical correlation.

Methods
Study population

A scoring system was derived and based on the
echocardiographic assessment of structural lesions and
hemodynamic manifestations (echocardiography scoring
system-ESS). The derived ESS was used to determine
the severity of the fifty-five patients from our cardiology
unit who all underwent surgical repair at our department’s
pediatric surgical division. Although, structural lesions and
hemodynamic manifestations do not solely influence the
disease state, gender, growth, age, and body composition
are all confounding factors considered for this population.
The scoring system used was based on the standardize
quantification methods of the Pediatric Measurements
Writing Group, The American Society of Echocardiography
and the European Association of Echocardiography (7-10).
The echocardiographic severity is scored as follows: grade I =
4-6 points, II = 7-9 points, and grade III = 10-12 points.
Patients considered for surgery include those presenting
with recurrent symptoms, and grades II and III (moderate
and severe) forms of the disease despite optimal medical
therapy. Fifty-four patients in NYHA functional class
IIT or IV were deemed suitable for operation, while one
female patient who was in NYHA functional class I was
observed for seven months before surgery (left ventricular
endomyocardial decortication). Preoperative care included:
(I) medical management of atrial arrhythmias and HF (II)
treatment of concomitant infections and diseases; (III)
drainage of pericardial, pleural and peritoneal effusions; and
(IV) thrombotic risk and monitoring of eosinophilia. All
patients were in a poor general condition, with an arguably
low nutritional state. All fifty-five patients presented with
suspicion for hypereosinophilia (number of eosinophils
>450 pL™") and were placed on a short course of oral
corticosteroids, angiotensin-converting enzyme (ACE)
inhibitors and diuretics.

Auscultatory findings in all patients were unremarkable.
Chest X-ray films showed enlargement of the heart in
all cases (Figure I). Electrocardiogram disclosed specific
abnormalities. Signs of HF (which was defined as the
presence of signs or symptoms associated with objective
evidence of cardiac dysfunction. It could either be a left
ventricular ejection fraction of <50% and a raised amino-
terminal pro-brain natriuretic peptide >125 pg/mL) with
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atrial fibrillation constituting the majority in forty-three
patients with right bundle branch block found in seven
patients, and a first-degree atrioventricular block is seen
in three patients. Two patients showed evidence of left
ventricular hypertrophy. Due to the atypical chest pain
complaints made by the much more older children (above
five years of age), cineangiography study was carried out to
detect possible vascular lesions. During cineangiography,
the vessel number per unit of area of the endocardium
(square millimeter) was counted under medium power
magnification (x200) using a computerized image analysis
system (Quantimet, Leica). The data were compared
using the #-test, and differences were considered to be
statistically significant when P<0.05. The initial group
classification of patients for valvular repair or replacement
was determined echocardiographically (T'TE) in the
catheterization laboratory. The echocardiographic analysis
was based on cardiac chamber size and function, structural
evaluation, and the assessment of additional hemodynamic
parameters such as pulmonary artery pressure. The final
group classification was carried out intraoperatively
using TEE which heavily relied on the color Doppler jet
characteristics, jet area, flow convergence, and the extent
and distribution of fibrosis. Valve repair was opted for less
fibrotic valve, while replacement for dysplastic and entirely
fused valves which were both based on the surgical team
discretion. The selection criteria used for bioprostheses and
mechanical valve was based on the difficulties faced with
anticoagulant therapy, annular size, limited valve selection,
somatic growth, unavoidable reoperation, and high
postoperative mortality (11,12). Surgical contra-indications
included ventricular arrhythmias, and a marked reduction
in ventricular size, massive ascites, pulmonary hypertension,
and extremely extensive parietal calcification.

Surgical technique

All patients underwent surgery through a median
sternotomy, using conventional cardiopulmonary bypass
lasting from 60 to 160 minutes, with a mean of 115.4 (£32.4).
The intracardiac procedure was performed during a period
of ischemic arrest. Myocardial protection was achieved
using cold potassium cardioplegic solution, infused into
the aortic root, and topical hypothermia of the heart. The
duration of ischemic arrest ranged from 40 to 100 minutes,
with a mean of 72.2 (+19.3). Endocardial decortication was
accomplished in sixteen left ventricles alone, twenty-five
right ventricles alone, and fourteen from both right and left
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ventricular chambers of the heart due to their biventricular
involvement. A large right atriotomy was performed in all
cases. Only fourteen cases were not carried out via routine
atriotomy alone due to their biventricular involvement
throughout the entire ventricular cardiac chambers.
The remnants of the tricuspid valve were resected, and
the fibrous tissue incised below the tricuspid annulus.
The dissections were directed towards the ventricular
apex into the posterior wall, allowing the resection of an
entire fibrous shell. In all cases where right atriotomy was
not employed, a good exposure was obtained via a large
vertical left atriotomy. The left ventricular endocardial
fibrosis was resected using the same guidelines as those
employed for the right side and a mitral valvar prosthesis
inserted. After decortication had been completed, valvar
repair or replacement with a prosthetic was used. In this
retrospective study of 55 pediatric patients, one patient had
a left ventricular decortication without valvular repair nor
replacement; 45 patients received valve replacement (36
patients had a bioprostheses while nine patients received a
mechanical valve) while nine patients underwent valvular
repair.

Intra-operative evaluation

The distribution, presence, and the extent of the
atrioventricular valvar abnormalities were evaluated
intraoperatively (Figure 2).

Tissue sampling and bandling

The incised endomyocardial biopsies were obtained from
both ventricles. Fourteen cases were not performed via
routine atriotomy only due to the severe fibrotic tissues
distributed throughout the entire ventricular cardiac
chambers. Only samples containing myocardial tissue were
considered for inclusion for histology and immunostaining
in the study. Tissues from fibrotic areas of the papillary
muscles, and the posterior aspect of the left ventricular
wall were taken. Both atrial tissues were also obtained
from patients submitted to atrial reduction. Tissues from
the right ventricle were collected from the trabecular and
admission chamber.

Sample processing and staining

Specimens were routinely processed in light microscopy
after being embedded in paraffin wax, fixed in 10% buffered
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Figure 2 Intra-operative findings. (A) Surgical view of an endocardial resection from the ventricular cavity; (B) resection of the thickened

endocardium reveals healthy looking myocardium underneath the fibrous tissue.

formalin, and cut into 4 pm thick sections. The cut sections
were stained for cell and tissue morphology (Hematoxylin
& Eosin), mucins (Alcian Blue-Sirius Red), collagen content
(Masson’s Trichrome), and elastic fibers (Verhoeff Elastic-
Van Gieson). Eosinophils were identified using the carbol
chromotrope technique.

Definitions and bistological analysis

The targeted incisional endomyocardial biopsies were
assessed for the location and presence of fibrosis,
neovascularization, presence of inflammation, endothelial
integrity, microvascular abnormalities, and evidence
of myofibroblastic proliferation. Definitions used for
microscopic evaluation of both atrial and ventricular tissues
are the following.

Inflammatory changes

The intensity of the inflammation was classified as
observed at high power magnification (HPM) as (I) rare
(<5 inflammatory cells per field of HPM); (II) mild (5-10
inflammatory cells per field of HPM); and (I1I) intense
(>10 inflammatory cells per field of HPM). Depending
on the cell type present, the inflammatory changes
were categorized as acute, chronic, or mixed while the
inflammatory distribution was classified as either focal or
diffused.

Endocardial fibrosis

The fibroblastic response type was classified as: (I) hyaline
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(moderate cellular response with massive plaque-like
collagen); or (II) cellular (when cells were predominant in
the background of loose fibrous tissue), or (III) mixed (the
combination of both response type). Endocardial thickening
was considered as mild, moderate, and severe when the
thickness was 1,000, 1,000-3,000 or 3,000 pm, respectively
using the JULIA software. The endocardial fibrosis was
classified as diffuse or focal according to their distribution.

Myocardial fibrosis

The distribution and presence of excessive myocardial
collagen was assessed and considered as being: replacement
fibrosis (RF), fibrous tissues replacing group of myofibers;
wide septa (WS), myofibers being separated by the
extended subendocardial fibrosis; interstitial (IF), when the
intercellular spaces are being affected; and perifascicular
(PF), the isolated group of myofibers.

Iimmunostaining

Paraffin-embedded formalin-fixed tissue sections were
stained for the identification of endothelial cells and vessels
(CD31, CD34), macrophages (CD68), leucocytes (CD45),
and myofibroblasts (Smooth Muscle Actin, SMA) using the
avidin-biotin-complex peroxidase technique (Figure 3).

Pathological and clinical echocardiograpbic concordance

We compared our immunohistological findings with
the presence of severe blood eosinophilia, inflammatory
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Figure 3 Histopathology and immunohistochemistry. (A) Microphotograph showing severe endocardial thickening, with a rich vascular net as

well as groups of myocardial fibers separated from each other by strands of fibrous tissue extending from the subendocardium (H&E, x10); (B)

hypervascularization in the sub-endocardium confirming the preservation of the lining of endothelial cells (CD31 positive cells) in the vessel

wall [patchy cytoplasmic staining (dark bluish-brown) strong and more prone to background x20]; (C) proliferated elastic fibers at the superficial

layer of the thickened endocardium (Verhoeff elastic stain x40); (D) magnification of strands of fibrous tissue penetrating the inner portion of

myocardium and surrounding the blood vessels (Van Gieson x20).

laboratory markers, and the surgical results. Similarly, the
concordance between surgical and echocardiographic results
was assessed. Finally, a correlative clinical status was made
by comparing the disease severity which was assessed by
echocardiography to the pattern and intensity of myocardial
and endocardial fibrosis.

Statistical analysis

Continuous variables and patient’s demographic data are
presented as mean = standard deviation.

Ethical issues

The ethical committee for Xiangya Second Hospital of
Central South University approved the study. The patients’
gave written informed consent for their wards to be
included in the study.
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Results
Characterization of patients

All but one female patient was in NYHA functional class
ITI-IV at the time of surgery. The mean erythrocyte
sedimentation rate was (20.3 mm/h). The mean body mass
index was (19.3 kg/m’), and the mean absolute eosinophil
count was 1.16 (£0.3) cells/mcL. Thirty-six patients
had characteristic tissue hyper-eosinophilia (number of
eosinophils >450 pL.”"). The relevant clinical and laboratory
findings are presented in (7able I).

Echocardiography

Of the 55 patients studied, one had mild lesions; 26
had moderate lesions (15 male, 11 female) while 28 had
severe heart disease (20 male, 8 female). According to the
distribution of cardiac lesions, EMF was predominantly
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Table 1 Relevant tissue collection sites from the 55 patients
submitted to surgery with their relevant clinical and laboratory
findings

Patient’s relevant characteristics N=55
Mean age (years) 5.7 (£3.2)
Sex (male/female) 35/20
Mean body mass index (kg/m?) 19.3 (8.1)
Mean erythrosedimentation rate (mm/h) 20.3 (£3.6)
Mean eosinophil count (cells/mcL) 1.16 (x0.3)
NYHA class

Il 1

/v 26/28
Classification

Distribution: right/left/bilateral 25/16/14

Severity: mild/moderate/severe 1/16/36
Tissue obtained

Right ventricle 25

Left ventricle 16

Right atrium None

Left atrium None

right in twenty-five patients, left in sixteen patients,
and biventricular in fourteen patients. Although, few
discrepancies existed between TTE and TEE (all based
on the premise). TTE could not be able to give a definite
diagnosis for mitral valve regurgitation in some patients
compared to TEE. This however, could be a result of the
lateral decubitus positioning of the patient in the laboratory
unless otherwise indicated. TEE on the other hand, was
able to give a definite and precise diagnosis of mitral valve
regurgitation in all cases. This apparent discrepancy could
be related to the positioning of the patient (supine), the
use of high-frequency imaging transducer which has a
superior spatial resolution providing better images, and its
multiplanar ability (multiplanar view) to cut and create the
arbitrary oriented planes.

Surgical data

At the start of operation (sternotomy), moderate pericardial
effusion (high in protein content and increased cellularity
with a predominance of lymphocytes which tested negative
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for tuberculosis) could be seen as well as cardiomegaly due
to atrial dilatation with varying degree of notching of the
right border in patients with right-sided EMF. Further,
the atria were invariably dilated while the ventricles
showed endocardial and valvular lesion abnormalities in
varying proportions. Patchy whitening and thickening of
the endocardium were present in all patients. Atriotomy
revealed a thickened atrial wall due to an edematous
hypertrophied muscular layer. Intracardiac thrombosis was
seen in twelve right atriums, fifteen left atriums, eleven
right ventricles, six left ventricles, while eleven patients
had no intracardiac thrombi. In twenty-five patients with
right-sided EMF, the tricuspid annulus was markedly
dilated giving ample access to the ventricular cavity, while
the other sixteen patients with left-sided EMF all had
moderate to the severe dilated mitral annulus. The mitral
valve leaflets showed all diffuse irregular thickening. Left
ventricular lesions were assessed by gently retracting the
valve apparatus in all cases. The posterior leaflet, posterior
papillary muscle, and the chordae tendinea’s were partially
or entirely fused to the posterior wall in most of the cases.
The significant (moderate-severe) mitral regurgitation seen
with TEE intraoperatively (before surgery) was as a result
of the restricted leaflet mobility caused by the fusion of the
anterior papillary muscle (Figure 4).

Surgical findings

All but one female patient with mild lesions from this
retrospective study had severe atrioventricular valve
regurgitation. Of the forty-five patients who all had valve
replacement, valvular dysfunction was the main reason
leading to an indication for surgery. Thirty-six patients
received a bio-prosthesis (the so-called predominantly
valvular forms) while the other nine who all received
a mechanical valve replacement had mostly restrictive
forms, with large thickened endocardial plaques, small-
sized ventricles, and a significantly decreased compliance,
as assessed by Doppler. The remaining nine patients
with valvular repairs all had combined lesions with severe
atrioventricular valve regurgitation and large fibrotic
plaques.

Echocardiographic features, bistopathology and
immunobistochemistry

Six patients had no tissue inflammation. None of our
patients had or developed bacterial endocarditis from the
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Figure 4 Echocardiogram of one of the older children (11 years old boy) with an advance endomyocardial fibrosis. (A) In the parasternal

long-axis view, an area of increased echo density (arrow) denotes thrombus or fibrosis along the basal posterior wall of the left ventricle

that also involves the posterior leaflet of the mitral valve; (B) color Doppler flow mapping in the same view demonstrates significant mitral

regurgitation; (C) in the short-axis view shown during diastole, there is extensive thrombus or fibrosis on the posterior wall (arrow) with

compromise of the left ventricular cavity size.

time of admission to the day of discharge. As accessed
by echocardiography, no patient had mild endocardial
thickening. Severe endocardial thickening (>3,000 pm) was
present in 11/21 and 15/34 patients classified as moderate
and severe EMF by ESS. Endocardial thickening was the
most prominent abnormality, related to the deposition
of cellular and hyaline collagen underneath a layer of
apparently healthy endocardial endothelial cells. We
evaluated tissue(s) from twenty-five right ventricles, sixteen
left ventricles, and the other fourteen tissues evaluated
were from patients having a biventricular EMF. The main
findings in the excised tissue are presented in (Tuble 2).
Endocardial fibrosis was due to an increased number of
fibroblasts in the ventricular subendocardium (Figure 4A).
Maximum endocardial thickness was 5,591 pm, with a
mean of 3,000£1,519 pm. Deep in the sub-endocardium,
there were mixed scanty inflammatory infiltrates, intense
foci of neovascularization, and capillary channels. Deep in
the sub-endocardium mainly composed of lymphocytes,
mononuclear cells, macrophages, and plasma cells

© Cardiovascular Diagnosis and Therapy. All rights reserved.

(Figure 4B). The proliferation of elastic fibers at the
superficial layer with the inner myocardium was penetrated
by strands of fibrous tissue (Figure 4C). Degenerative
myocardial changes included enlarged bizarre nuclei,
myocyte hypertrophy, and myocardial disarray often
concerning scars.

Vascular findings

Vascular lesions were found mainly within the areas of
EME, appearing as broad septa penetrating the myocardium
from the densely scarred endocardium. Only coronary
arteries and arterioles were involved. For the purposes of
description, the findings would be considered under the

following heading.

Medial degeneration

Medial swelling was frequently observed particularly at
the sites of vascular bifurcation. There was swelling of the
muscle cell cytoplasm, with or without vacuolation.
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Table 2 Histological abnormalities of ventricular tissue samples surgically obtained from 55 patients with EMF

Patient Ess Endocardium Subendocardium Myocardium pattern of
No. Endocardium* Collagen type Inflammation New vessels fibrosis

1 1} 4,759 Hyaline Chronic ++ * IF, WS, PF, RF
2 I 2,093 Cellular Mixed ++ * WS, PF

3 Il 738 Mixed No No IF, WS

4 I 1,568 Mixed Acute + * IF, RF

5 Il 1,901 Hyaline Mixed + * IF, WS, PF, RF
6 I 3,511 Hyaline Acute ++ > IF WS

7 Il 4,439 Mixed Mixed ++ > IF, WS, PF, RF
8 Il 3,950 Hyaline Chronic ++ > IF, WS, PF, RF
9 11l 5,157 Mixed Acute ++ > IF

10 I 4,691 Mixed Mixed ++ * IF, WS, PF, RF
11 Il 4,243 Mixed Chronic ++ > IF, WS

12 1l 5,591 Mixed Chronic ++ > IF, WS, PF, RF
13 11l 3,872 Mixed Mixed ++ * IF, WS

14 1] 2,801 Cellular Mixed ++ * WS, PF

15 I 1,392 Cellular Acute + * WS

16 I 5,409 Mixed Chronic ++ - IF, WS

17 Il 971 Cellular No No IF, WS

18 1 3,110 Mixed Chronic ++ * IF, WS, PF, RF
19 Il 2,339 Hyaline Chronic ++ * IF, WS, PF, RF
20 1l 5,327 Mixed Chronic ++ * IF

21 1]l 2,738 Hyaline Chronic ++ * IF

22 i 1,942 Hyaline Mixed + * IF WS PF RF
23 1] 2,569 Hyaline Chronic ++ * IF, WS, PF, RF
24 1} 2,190 Cellular Acute ++ * None

25 I 518 Hyaline No No WS, PF
26 11l 422 Hyaline No No WS, PF
27 11l 679 Hyaline No No WS, PF
28 I 4,288 Hyaline Chronic ++ * IF

29 Il 956 Hyaline No No IF

30 Il 2,001 Hyaline Mixed ++ * WS

31 1} 2,223 Cellular Chronic ++ * None

32 Il 3,120 Cellular Chronic ++ * None

33 1] 4,555 Cellular Chronic ++ * None

34 Il 3,129 Cellular Chronic ++ * IF, WS, PF, RF

Table 2 (continued)
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Patient Endocardium

Subendocardium Myocardium pattern of

No. =88 Endocardium* Collagen type Inflammation New vessels fibrosis

35 1] 5,489 Cellular Chronic ++ * IF, WS, PF, RF
36 Il 4,872 Cellular Chronic ++ - IF, WS, PF, RF
37 M 4,311 Cellular Mixed ++ > IF, WS, PF, RF
38 I 4,442 Hyaline Mixed ++ * IF, WS, PF, RF
39 I 1,982 Hyaline Mixed + * IF, WS, PF, RF
40 I 2,978 Hyaline Mixed ++ > IF, WS, PF, RF
41 I 1,376 Hyaline Mixed + > IF, WS, PF, RF
42 I 1,844 Hyaline Mixed + * IF, WS, PF, RF
43 1} 3,447 Hyaline Chronic ++ * IF, RF

44 1} 5,532 Hyaline Chronic ++ * IF, RF

45 I 1,872 Hyaline Chronic + * IF, RF

46 1]l 1,290 Hyaline Chronic + * IF, RF

47 M 1,800 Mixed Mixed + > IF, RF

48 1] 4,200 Mixed Mixed ++ * WS

49 I 3,555 Mixed Chronic ++ > WS

50 M 3,921 Mixed Acute ++ * IF, WS

51 M 2,221 Mixed Acute ++ * IF, WS

52 1} 2,004 Mixed Acute + * WS

53 I 1,009 Cellular Mixed + > WS

54 Il 5,210 Hyaline Chronic ++ > WS

55 M 2,467 Mixed Chronic ++ > IF, WS, PF, RF

Number of eosinophilic cells in the ventricular subendocardium (acute >500-700, chronic >870-1,000, mixed >1,000 numerous
inflammatory infiltrates predominantly eosinophilic), Presence of more than one infiltrative cell-type such as lymphocytes, macrophages,
plasma cells, and fibroblastic cells in the ventricular subendocardium (+ >1, ++ >2). Degree of highly foci patterned neovascularization (*,
poorly neovascularized; **, moderately neovascularized). No (no new vessels), — (indefinite), none (no specific identified myocardial pattern
of fibrosis), *, institutional values. ESS, echocardiography severity score; PF, perifascicular fibrosis; WS, wide septa; IF, interstitial fibrosis;

RF, replacement scars.

Medial focal proliferation
Focal areas of medial degeneration or fibrosis were observed
seen in some medium-sized arteries.

Medial sclerosis
Replacement of the medial muscle cells by fibrous tissue
was seen in several arteries and arterioles in every case.

Intimal proliferation

This appeared to be associated with spurs projecting
into the lumen with fibrinous materials (intimal bridges)

© Cardiovascular Diagnosis and Therapy. All rights reserved.

mainly on the endothelial surface of arteries of various
calibers.

Other changes
Other changes found where congestion, perivascular edema,
and a slight perivascular lymphocytic accumulation.

Selective cineangiography

Due to the procedural complications (arrhythmia,
pseudoaneurysm, and especially bleeding) encountered
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Characteristic findings Echocardiography Surgical evaluation Percentage
RV obliteration - - <50
Thickening of fusion of chordae tendinea’s 41 41 100
LV obliteration - - <10
Ventricular calcification 42 42 100
Fibrosis of LV septum - - <70
Fibrosis of the LV posterior wall 35 35 100
Thickening of mitral or tricuspid leaflet 10 10 100
RV apical retraction - - <50
Fusion anterior papillary muscle to wall 46 46 100
Fusion posterior papillary muscle wall 32 32 100
Fusion posterior leaflet-posterior wall 35 35 100

earlier (arguably due to technical experience) in twenty-
four patients between the age of one year eight months and
four years two months with mean age 2.9, catheterization
was only performed for patients with the age five years
and above. Diagnostic selective cineangiography of the
right-sided cavities showed atrial dilation, tricuspid
regurgitation, and an abnormal filling of the apex of
the affected ventricle. Left ventricular cineangiography
revealed mitral regurgitation and obliteration of the apical
wall.

Concordance between echocardiographic and surgical data

The concordance echocardiographic and surgical
findings for each patient were absolute for fibrosis of the
LV posterior wall, fusion anterior papillary muscle to
the wall, a fusion of the posterior papillary muscle and
leaflet to the wall, ventricular calcification, thickening of
mitral or tricuspid leaflets, and thickening or fusion of
chordae tendinea (Tuble 3). We were, however, unable to
echocardiographically and surgically find the coinciding
relationship wherein: (I) fibrosis of the LV posterior wall; (II)
LV apical fibrosis; (III) RV apical retraction; and (IV) LV
and RV obliteration.

Concomitant conditions

No concomitant defect(s) were discovered intraoperatively.
Also, none of the patients had or showed any signs of active
rheumatic carditis or infective endocarditis.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Outcomes

There was no death during the postoperative period. Forty-
two patients showed “early” postoperative complications
of HF such as low cardiac output, atrial fibrillations, and
a complete atrioventricular block, while twelve patients
showed no signs of “early” postoperative complications
immediately after surgery, (“early” one to three days after
surgery). Twenty-six patients did not clinically improve
six days after the operation, eight patients required
reoperations for valvular dysfunctions and vastly poor
coronary perfusion, while the much older twenty patients
(7-12 years of age) clinically improved wherein NYHA
class I (8) and 1II (12) postoperatively. An approach through
the left atrium and the mitral valve was chosen to minimize
the potential for additional trauma caused by the exposure
itself for the re-operated patients. During reoperation, the
incompetent valves were resized and replaced; and internal
decortication of the ventricular wall was performed (peeling
off the fibrotic and thickened endocardium) to restore
compliance of the underlying myocardial tissue, improve
coronary perfusion, and cardiac output (ejection fraction).
Low cardiac output, poor coronary perfusion largely due
to fibrotic compression of the coronary vessels, valve
incompetence (prostheses), and arrhythmias (ventricular)
where the findings preventing clinical improvements in the
re-operated patients.

Eleven patients, which were part of the much older
patient’s group (seven male patients and four female
patients) were each followed up for a period of three years.
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Of the eleven patients followed-up, echocardiographic
evidence showed improvement of hemodynamics and
ventricular function in the four female patients. Out of the
seven male patients followed-up, four patients developed
recurrent mitral regurgitation, while three showed
echocardiographic signs of EMF “possible” reoccurrence on
contralateral side with poor perfusion, and hemodynamics
(low cardiac output), and atrial fibrillation. More than half
of the patients in our study were from the up-state rural
countryside and neighboring provinces. Due to the relatively
poor economic conditions and financial status of most of
our patients, we were unable to carry out post-operative
follow-up studies of forty-three patients. Of the forty-three
patients who were not followed-up, four patients died of
sudden cardiac arrest (mostly toddlers; 1-year 2 months
to 1-year 11 months) while thirteen showed severe signs of
HF (both verbally communicated).

Family bistory

Most of the patients when asked about their family history
of premature death, n=23 patient guardians complained of
an “unusual” death of a loved one, distant and also close
relatives after a brief illness between the ages of three and
fifteen. In their own words They stated that, before their
death, the relative complained of high body temperature
(fever), troubled sleep (insomnia), difficulty breathing
(dyspnea) sometimes on exertion, chest-pounding (abnormal
heartbeat), weight loss, general body weakness (fatigability),
occasional loss of consciousness, swollen face and feet (facial
and pedal edema), and an abdominal swelling (ascites). The
other patient guardians (n=32) were not sure about the
premature death cases.

Discussion

An endemic neglected cardiovascular disease of poverty,
when encountered in children and toddlers, is a serious
disease. Although, surgical treatment is far less satisfactory
than one would wish as observed in the study; EMF can be
accurately diagnosed by echocardiography (more precisely
TEE). This study shows a high concordance between
echocardiography and the pathological surgical findings.
The findings in the study also further show that, evaluation
of surgically resected pathological cardiac tissue and
immunohistochemistry support the diagnosis of EMF. EMF
is common among children and young adults; although,
its incidence in children is difficult to establish (13,14).
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Children are at a disadvantage compared to adults in a way
that they normally have a greater life expectancy (15,16).
The clinical presentation of the toddlers and children
in our study with EMF seems not to differ from that of
adults (17,18). The endocardial ventricular thickening
detected on echocardiography corresponded to the thick
whitish endocardial walls and the valve apparatus surgically
observed in variable extensions. The atypical chest pain
complaints which were mostly described by the much
older children in our study has been mentioned by some
authors and linked to the pathological alterations in the left
ventricle (19-21). Although, we were unable to characterize
the chest pain complaints made by the children; the clinical
impression is that, it might be a result of an altered cardiac
microcirculation.

During surgery, mild to moderate inflammatory
infiltrates were seen to be scattered predominantly in the
interface between the endocardium and the myocardium as
previously described in the literature (1-3). We were able
to identify and characterize tissue eosinophilia in thirty-six
patients in our study who all had hyper-eosinophilia at the
time of admission favoring the eosinophilic etiopathogenic
factor of the disease (22-24). This has however, led some
authors to associate EMF with the Loeffler syndrome
(Loeffler endocarditis), where endocardial fibrosis
and hyper-eosinophilia (idiopathic hyper-eosinophilic
syndrome-HES) can be present (25,26). Although, HES
is a sporadic disorder, it is commonly diagnosed in much
older patients between the ages of 20 and 50 years old
(27,28). It should also be known that; EMF is a feature of
multiple diseases and Non-compaction of the ventricular
myocardium should also be considered as a possible
predisposing factor. It is most frequent in the general
population and the only known entity with a similar
distribution to EMF and/or its associated cardiomyopathies
(mostly restrictive type) with a poor sub-endocardial
coronary flow (29,30).

As reported in a study by Jaiyesimi, the patchy fibrotic
reoccurrence and atrial stretching encountered during the
reoperation of eight patients in our study, was due to the
progressive atrial dilatation, valvular dysfunctions, and poor
coronary perfusion (31). This however, serves as a basis for
the origin and sustainability of atrial arrhythmias in EME.
This postoperative setback, however, highlights the high
morbidity and mortality rate associated with the disease
alongside the possible reoccurrence of EMF lesions on the
contralateral side of the affected cardiac chamber (32,33).
From the results of the immunohistological and pathological
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resected patients’ cardiac tissue in our study (hyaline and
acellular collagen), EMF seems to be an interstitial disease.
The preserved endothelial endocardium, and the multifocal
chronic inflammatory cascade affect different areas of
the same heart suggesting the present ongoing injury or
temporally spaced insults (34,35). In addition, the lack of
vessels in the outer endocardium in our study may explain
why bacterial endocarditis did not occur in any patient.
This however, collaborates the pathological criterion of
differentiating rheumatic heart diseases from EMF (36,37).
As already described and reported in the literature (38,39),
diagnostic coronary cineangiocardiography in our study,
demonstrated the typical ventricular deformities of the
disease.

Furthermore, the presence of coronary vascular lesions
in EMF is not unexpected; as can be seen in our study;
the vascular lesions were frequent and varied. Due to its
frequency, we considered medial degeneration to be the
primary vascular lesion, among others. Medial degeneration
in coronary arteries, with subsequent sclerosis and
calcification, has been recognized in man and experimental
animals under several different conditions (40,41). In
our study, however, the vascular lesions did not seem to
be secondary to the EMF itself. It also did not appear to
represent a primary feature of the disease, since there was
no correlation found between them and the degree of
endomyocardial scarring. It seems to us that the probable
vascular changes observed may be caused by the same
obscure factor(s) that leads to EMF. Regardless of their
unclear etiology, we considered those obstructive coronary
arterial lesions that were a prominent histopathological
feature in our study as a pathognomonic element in the
progression of this disease.

The downhill course of patients with EMF is its poor
postoperative outcome and grave prognosis which is no
different in children (42,43), as seen in our study. The early
age of clinical diagnosis (congenital), and low nutritional state
observed in all patients in our study has been reported in
literature to contribute to the pathogenesis of EMF (44-47).
It’s also mentioned that malnutrition may contribute to
the pathogenesis of EMF by increasing susceptibility to
parasitic infections (48,49). This would however, cause a
dysfunction in eosinophils regulatory mechanisms, which
would eventually lead to necrosis, and finally fibrosis (50,51).
Although, there are still, however, no affirmative evidence
to firmly establish these hypotheses. Medical therapy
such as corticosteroids, ACE inhibitors and diuretics
administered in our patients are usually ineffective, and
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the only chance for survival is surgical treatment (52,53).
However, the long-term outcome from medical treatment
in advanced stages is very poor with 75% mortality at
2 years (42,54-56). Hence, open heart surgery (OHS)
should be performed before irreversible cardiac and hepatic
damage occurs (57,58). Although, access to OHS is severely
limited in many endemic areas, as seen in our study; it
variably increases the chance of survival. Surgery consists
of mitral valve replacement or repair and conservative
endocardectomy (endocardial stripping) (59-62). Another
viable alternative to endocardectomy with OHS is a heart
transplant which improves the surgical outcomes especially
in patients with clinical signs of an advanced EMF (63,64).

Finally, as seen with our study, EMF seems to be an
evolving disease; as some patients continue to present with
EMF even in postoperative periods either as a recurrence
in the operated ventricle or the previously normal one (65).
Also, some patients do not improve clinically after the
operation as observed in more than half of our patients
in this study. Another fact that may adversely affect
the postoperative course, especially in children, is the
dysfunctioning of the valvar prostheses. Hence, every
effort should be made to preserve the native valve during
the operation. Unfortunately, despite recognizing this
imperative, it did not prove to be possible as we inserted
prostheses in all patients.

Study limitation

We acknowledge the fact that our study had some
limitations: during histopathological analysis of the
specimens, the focal hemorrhage observed could actually
be from the operative procedure. Also, the differentiation
between WS and PF might have been compromised by the
tangential cuts made on the tissue. Finally, the autopsy of
the four patients who died of sudden cardiac death (personal
communication) was not ascertained to determine the cause
of death (EMF reoccurrence or related poor postoperative
outcome).

Conclusions

An endemic neglected disease of poverty, EMF still
remains one of the most poorly understood and mysterious
cardiovascular disorders today. Structural abnormalities
of EMF can accurately be diagnosed by echocardiography
precisely by TEE. The evaluation of surgically resected
cardiac tissues from the affected patients with the
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histopathological and histochemical analysis of the tissue
specimen helps back the echocardiographic diagnosis. The
laboratory findings further improve the pathophysiological
understanding of the disease and the obstructive coronary
arterial lesions which were a prominent histopathological
feature in our study. Finally, the role of surgery in
improving the knowledge and understanding of the disease
must not and should not be overlooked despite the poor
long-term outcomes.

Efforts should now be concentrated on increasing its
medical awareness among health workers, and elucidating
the etiology of the disease, which might permit the
establishment of preventive measures.
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