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Abstract

Endocardial fibroelastosis (EFE) signifies the pathological process by which collagen and elastin are focally or diffuse deposited in the
endocardium of the left ventricle. The new layer causes left ventricular dysfunction sometimes with fulminant progression to heart failure.
EFE is a major component in many congenital heart abnormalities but can also occur in the absence of heart malformations, either as a primary
process or in response to cardiac injury. The endothelial-mesenchymal transition (EndMT) abnormalities seem to be main pathogenic factor in
fibroelastosis development. The “gold standard” for diagnosis of primary EFE (pEFE) is the histological examination. Additionally, genetic
studies may help to establish the natural course of the disease and to communicate prophylactic measures to family members of the affected
child. Moreover, in the newborn, EFE takes the form of dilated cardiomyopathy (DCM) with unfavorable evolution. The proper management
should be established considering negative prognostic factors, involving early transplantation, drug therapy and long-term follow-up.
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& Introduction

Endocardial fibroelastosis (EFE) is a complex process
consisting in collagen and elastin deposits in the endocardial
layer of the heart [1]. The accumulation of inelastic collagen
fibers and elastin is made by fibroblasts, that in turn
generate acellular fibrocartilaginous extracellular matrix,
responsible for diffuse thickening of the endocardium.
This accumulation of collagen and elastin determine the
overgrowth of fibrous tissues leading to important morpho-
functional changes in the left ventricular endocardium,
particularly in the first year of life in infants and children.

EFE is considered to arise either de novo with no evident
reason, either involving a genetic background with two
forms, namely X-linked recessive and autosomal recessive
patterns in the context of genetic mutation [2]. Also,
infection and viral etiology were taken into consideration.

EFE can be primary or secondary, each form of disease
having a different mode of evolution [1]. While primary
fibroelastosis is not related to cardiac anomalies, secondary
type seems to be associated with congenital heart

malformations as hypoplastic left heart syndrome (HLHS)
or left ventricular non-compaction (LVNC). The late
disorder is determined by the disruption of blood flow in
the context of an incompetent left ventricle, to which is
added an abnormal ejection tract [3, 4]. Flow disturbances
can be avoided by inhibition of formation of EFE tissues.
So, the effective measures are still needed to preserve the
ventricular diastolic compliance and renew myocardial
growth [4].

Aim

This review aims to outline the epidemiology of EFE
in children, its outcomes, etiology, genetic and morpho-
logical changes, clinical aspects in particular of primary
EFE (pEFE) and to offer a depth approach to diagnosis,
focusing on histological examination and genetic studies.
In addition, we discuss the importance of echocardiography
or computed tomography (CT) criteria associated with the
fetal cardiovascular score in order to identify this life-
threatening condition.

This is an open-access article distributed under the terms of a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International Public
License, which permits unrestricted use, adaptation, distribution and reproduction in any medium, non-commercially, provided the new creations
are licensed under identical terms as the original work and the original work is properly cited.
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= Pathogenic overview

The endothelial-mesenchymal transition (EndMT)
represents a process that normally takes places in cardiac
embryogenesis, through which epicardial cells become
fibroblasts. In the neonatal period, abnormalities of this
phenomenon initiate the fibroelastosis development. Studies
of gene expression in this cell population have identified
an increased level of transforming growth factor beta
(TGFp). Furthermore, administration of bone morphogenetic
protein 7 (BMP7), an antagonist of the TGFf signaling
pathway, resulted in regression of the fibrous area and
inhibited the accumulation of fibroblasts [2, 5].

Studies performed on resected cardiac tissue affected
by anomalies, such as left hypoplasia, have revealed
the involvement of the endocardium in initiating and
supporting pEFE, through the same process of EndMT.
The administration of TGFJ inhibitors was successful in
this context as well. All this data suggests a different
origin of fibroblasts depending on the type of pEFE [5].

Researchers tried to establish echocardiographic criteria
for diagnosis and staging of pEFE in both prenatal and
postnatal periods, especially in the case of its association
with aortic stenosis. The aim was to determine the prognosis,
which depends on the success rate of surgical procedure
that dilates the stenosis in uterus or the probability of
normal evolution of a hypoplastic left ventricle after
surgical resection of the area of fibroelastosis [6]. Four
stages of prenatally assessed pEFE severity were proposed,
starting from 0 — absent, 1 — mild (spots of left ventricular
hyperechogenicity, including papillary muscles), 2 —
moderate (non-confluent hyperechogenic areas), 3 — severe
(linear hyperechogenicity). The severity of fibroelastosis
correlated with geometric and functional aspects of the
left ventricle and postnatal prognosis after in utero surgery
[6, 7]. pEFE grading together with fetal cardiovascular
score allow a proper management of the problematic
pregnancies [7].

Corroborating evidence from echocardiographic and
pathological examination led Seki ef al. [8] to conclude
that pEFE has pathological characteristics distinct from
those of dilated cardiomyopathy (DCM). The idea was
supported by studies on tissue samples and imaging data
from a cohort of 52 patients of three months to 17 years
aged who had undergone a heart transplant for DCM. The
authors considered that 14 patients presented typical
features of pEFE, as follows: diffuse thickening of the
left ventricular endocardium, elevation of papillary muscles,
thickening of the free edge of the mitral valve and specific
aspect of the organization of elastic fibers at pathological
examination [8].

Multiple mechanisms of pEFE development are
discussed, including obstruction of subendocardial lymphatic
drainage, blockage of the smallest cardiac veins (Thebesian
veins), and premature closure of the foramen ovale [2].
pEFE tends to manifest in the first year of life, most often
having a sudden onset, precipitated by a respiratory
infection. Many of the cases of idiopathic DCMs are
considered to be, in fact, pEFE. The clinical examination
reveals tachypnea, fatigue, decreased appetite, diminished
apex shock, deafening heart sounds, and ventricular gallop.
Signs of heart failure may be present as well. The
electrocardiogram detects left ventricular hypertrophy,

isoelectric or negative T waves in precordial leads, R wave
>20 mm in V6, S >20 mm in V1, normal or discrete left
QRS axis [5].

Treatment consists in administering Digoxin in 60—
80 pg/kg loading dose, followed by 15-25 pg/kg along
with diuretics and oxygen if needed. Particular cases
are those of pEFE occurring in newborns with mothers
suffering from autoimmune diseases. In these cases, the
administration of intravenous immunoglobulin G (IgG)
together with glucocorticoids and angiotensin-converting
enzyme inhibitors proved favorable results [5, 7].

DCM is a chronic heart condition, a phenotypic
expression of the interaction between multiple genetic
and non-genetic factors. It is defined by the presence
of left ventricular dilation and contractile dysfunction,
in the absence of hemodynamic disturbances or coronary
heart disease [9]. It is one of the most common causes
of heart transplantation worldwide, counting over 50%
of heart transplant cases in children aged between 1-10
years [8].

DCM can be caused by mutations of the genes
involved in the coding of sarcomeric, cytoskeletal, and
nuclear envelope proteins. In such cases, DCM can occur
in a pattern of neuromuscular manifestations, encouraging
family screening. Additionally, it can be the result of an
inflammatory process most often caused by cardiotropic
viral infections or an adverse drug reaction. Moreover, the
endocrine or autoimmune diseases, consumption of toxic
substances such as ethanol, cocaine and amphetamines
may also lead to DCM. Rare forms are peripartum,
Takotsubo, and tachycardia-induced cardiomyopathy [10].

Echocardiographic diagnostic criteria for DCM are
represented by shortening fraction <25% [>2 standard
deviation (SD)] or ejection fraction <45% (>2 SD) and
left ventricular telediastolic diameter >117% (>2 SD from
age-adjusted predicted value and body surface) [10, 11].

Studies regarding the association between EFE and
DCM revealed mutations affecting the nexilin F-actin
binding protein (NVEXN) and nebulette (NVEBL) genes,
encoding a protein involved in postnatal 7-tube formation,
and a specific cardiac protein involved in the tropomyosin—
troponin interaction [12, 13]. In the case of NEBL,
screening of patients with DCM and pEFE phenotype
led to the identification of gene mutations that induced
the same phenotype when recreated in murine specimens
[13]. Murine models in which both NEXN alleles were
experimentally inactivated died shortly after birth,
developing DCM. The anatomopathological examination
of the cardiac tissue in these cases displayed features of
EFE [14].

= Key players in EFE assessment

Histological studies are the “gold standard” to
understand the mechanisms of fibroelastosis. Lurie ef al.
concluded that both infants and young children can benefit
for transvascular endomyocardial biopsy, facilitating
evaluation of early active fibroelastosis [15].

The normal endocardium has three sublayers: (i)
endothelium which consist of simple squamous epithelium
and subendothelial connective tissue (inner portion that
lines all heart cavities); (i) fibroelastic connective tissue
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that intertwined with thin smooth muscle cells (middle
layer); (iii) subendocardial layer joining the endocardium
to myocardium by loose connective tissue (deeper layer)
[16].

The smooth muscle cells layer is predominantly
involved in the progressive process of EFE [17]. Electron
microscopy revealed the chronological sequence of
changes that occur in a heart affected by EFE. The most
important steps are: (i) hyperplasia of smooth muscle
cells; (i) translocation in the juxtamyocardial layers;
(iii) transformation into leiomyoid cells (features of smooth
muscle cells and fibroblasts). Therefore, the elastic and
collagen fibers seem to be secreted mostly by leiomyoid
cells [17]. This process can be triggered by various factors;
therefore, some authors consider the term of idiopathic
EFE to be more appropriate. The first identified damaging
factors for EFE are Coxsackie and mumps virus, genetic
syndromes, autoimmune disease, metabolic and vascular
disorders [18, 19].

The finding that various pathogens found in the
maternal blood can trigger a cardiac response in the fetus,
opened the way for studies of fetal immune response at
myocardium level. Patients born from mothers with anti-
Ro or anti-La antibodies develop fibroelastosis associated
with different types of cardiomyopathies. Their myocardium
specimens were found to have increased IgG, IgM and
T-lymphocytes [19].

Fernandes et al. used autopsy specimens to study the
different impact of immune cells in the pathogenesis of

Table 1 — Genetic mutations associated with fibroelastosis

(i) fetuses with EFE and DCM; (i) fetuses with secondary
EFE (caused by outflow tract obstruction); and (iii) fetuses
with normal hearts (control group) [19]. In their study,
they excluded (a) syndromic cases; (b) intrauterine
infection and/or maternal autoimmune history; (c) hypo-
thyroidism; and (d) prenatal drug abuse. The results
showed that EFE/DCM group had significantly fewer B-
cells and macrophages and higher cluster of differentiation
(CD)4/CDS8 ratio compared to the control group. The
secondary fibroelastosis group had lower T-lymphocytes
than the normal control group. These findings indicate
either an initial shortage of immune cells in the myocardium,
either their depletion [19]. In both situations, it seems
that the myocardium is unable to fight against infections
in the context of aggressive inflammatory process. Such
theories form the basis for immune therapies in secondary
EFE.

= Evidence for genetic and morphological
crosstalk in EFE

For the idiopathic cases, further research into the
underlying causes is needed to highlight the genetic aspects
of EFE, revealing specific mutations that determine specific
histopathological findings in the affected heart. Table 1
summarizes the main genes involved in the development
of fibroelastosis, their chromosomal position, the protein
encoded by each of them and the role those proteins have,
as found in the literature.

Affected gene / gene location Protein role

Phenotype Heart histopathology

Transacylase involved in
mitochondrial cardiolipin
maturation [20].

TAZ | Xq28

DCM+EFE; proximal
myopathy; growth
retardation; organic
aciduria; neutropenia
[20, 21].

Myocardial fibrosis and cardiomyocyte
apoptosis; sarcomere Z-lines normal
morphology; A-bands and M-lines
were not delineated poorly delineated;
disorganized mitochondrial cristae [21].

Muscle-specific LIM-protein;
myogenesis and sarcomere
assembly [22].

CSRP3/11p15

Fatigue; DCM+EFE;
congestive heart failure;
defective neuromuscular

transmission [22].

Disruption of cardiomyocyte
cytoarchitecture; irregularly
arranged myofibrils [22].

Cytoskeletal protein localized

ACTN2/1q43 in the Z-disc [23].

DCM; LVNC; congenital
myopathy [23].

Diffuse fibrosis; diminished signal
for plakoglobin [23].

Filamentous actin-binding

NEXN / 1p31.1 protein [14, 24].

DCM; Diminished cardiac

Collagen-positive mural masses;
absence of elastic fibers and presence
of fibrin; disrupted connections
between sarcoplasmic reticulum and
sarcolemma; absent sarcolemmal
invaginations [14, 24].

Rapidly progressive

contractility [14, 24].

Involved in cardiac myofibril

NEBL / 10p12.31 assembly [13, 28]

Endocardial thickening; deposition of
elastic tissue and collagen; progressive
Z-line abnormalities; enlarged and
deformed mitochondria; abnormal
lysosomes and mitochondrial
remnants; accumulation of lipids in
cardiomyocytes [13, 25].

DCM+EFE; HCM
[13, 25].

Cytoskeletal protein binding
and muscle alpha-actinin
binding [26].

LDB3/10923.2

with mitral valve prolapse;

Z-disk streaming and disintegration;
disorganized sarcomeres and
myofibrils; aggregates may contain
myotilin, desmin, aB-crystallin,
dystrophin [26].

LVNC; DCM-association

myofibrillar myopathy
[26].

Binds DNA and functions as
a transcriptional regulator;
functions as a repressor of

TGFB signaling [27].

PRDM16 / 1p36.3

Myocardial thickening with a compacted
and non-compacted area; myocyte
disarray with staghorn-like spaces,

in the non-compacted layer [27].

LVNC; EFE; DCM;
MDS; AML [27].

ACTN2: Actinin alpha 2; AML: Acute myeloid leukemia; CSRP3: Cysteine and glycine rich protein 3; DCM: Dilated cardiomyopathy; DNA:
Deoxyribonucleic acid; EFE: Endocardial fibroelastosis; HCM: Hypertrophic cardiomyopathy; LDB3: LIM domain binding 3; LVNC: Left ventricular
non-compaction; MDS: Myelodysplastic syndrome; NEBL: Nebulette; NEXN: Nexilin F-actin binding protein; PRDM16: Positive regulatory

domain 16; TAZ: Tafazzin; TGFfB: Transforming growth factor beta.
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7 Diagnosis approach in EFE

EFE usually manifests in the first month of life.
While the secondary form is related to other cardiac
abnormalities or systemic diseases, the primary form is
often confused with idiopathic DCM [28].

As stated before, the “gold standard” for pEFE
diagnosing is the histological examination, followed by
genetic studies that may help to establish the natural course
of the disease and to communicate prophylactic measures
to family members of the affected child.

Cardiac CT identifies aspects of apical calcifications
in fibroelastosis [29], while magnetic resonance imaging
(MRYI) allows the detection of cardiac fibrosis, assessment
of ventricular wall thickness, quantification of overall
ventricular function and regional contractility, intracavitary
thrombus formation, all known as important prognostic
factors [30].

Echocardiography and electrocardiography (ECG)
are useful in differential diagnosis, but MRI and/or CT
in conjunction with the typical features of microscopic
examination provide vital information. pEFE may present
in the form of premature ventricular contractions and
non-sustained ventricular tachycardia that may easily
change into life-threatening conditions that require fast
identification and prompt intervention [31].

The literature describes cases of children having
conduction abnormalities or frequent premature ventricular
contractions. While initial ECGs and echocardiographic
aspects seem to be normal, recurrent examinations and
detailed investigations helped reveal the true nature of
the underlying disease as EFE, allowing successful
treatment courses [32].

Ino et al. conducted a retrospective study on 52 patients
aged eight months to two years diagnosed with fibro-
elastosis, assessing the specificity and sensitivity of clinical
and echocardiographic criteria and negative prognostic
factors [33]. The major clinical signs were dyspnea,
gastrointestinal disorders, fever, weight loss and hypotonic
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Figure 1 — Long parasternal view. Dilated left ventricle.

The patient was admitted to the Intensive Care Unit
and treated with Digoxin 0.15 mg intravenously (iv) bolus
then 0.075 mg iv, Furosemide 5 mg every 12 hours, along
with Acetylcysteine 100 mg per day and Dexamethasone

neurological disorders. Clinical examination revealed
systolic murmur of mitral regurgitation and ventricular
galloping sounds. ECG signs of left ventricular hypertrophy
were present, with ST segment and T-wave inversion in
V5 and V6, as well as left atrial or biatrial enlargement.
An unfavorable prognosis was found among patients with
persistent ECG changes despite appropriate drug therapy,
associated with an ejection fraction less than 33% and a
cardiac index of less than 3.5 L/min/m?. In this group,
mortality at four years was 100%, suggesting that the
identification of the previously mentioned negative
prognostic factors would be an indicator for early heart
transplantation [33]. In the group with a four-year follow-
up, the persistence of electrocardiographic abnormalities
was associated with an increased risk of death, suggesting
the need for long-term patient monitoring [33].

In our experience, we diagnosed one case of fibro-
elastosis in a 7-month-old female patient, born naturally,
at 40 weeks of pregnancy, weighing 3150 g at birth.
The child was transferred to our Unit for the treatment
of an interstitial pneumonia with unfavorable evolution
under antibiotic treatment. Clinical examination at
admission revealed expiratory dyspnea, thoraco-abdominal
asynchrony, abnormal, piston-like movements of the
head, perioral cyanosis and pale skin, respiratory rate
of 50 breaths/min, coarse vesicular murmur. The heart
sounds were rhythmic, with no added murmurs, with a
heart rate of 190 beats per minute (bpm) and blood
pressure of 91/71 mmHg. The ECG revealed sinus
tachycardia, with a frequency of 200 bpm, QRS axis
at 65 degrees, P wave axis at 60 degrees, duration
PR/QRS/QTc: 0.12/0.08/0.40 s, aspect of hypertrophy
left ventricular based on voltage criteria [34] and left
atrial hypertrophy. Echocardiographically, the appearance
of subendocardial fibroelastosis was detected, with a
dilated left ventricle (Figure 1), ejection fraction of 10%
and a shortening fraction of 4%, tricuspid and mitral reflux
grade II (Figure 2), and minimal pericardial reaction.
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Figure 2 — Apical four chamber view. Mitral insuffi-
ciency and hyperechoic endocardium.

1 mL every 12 hours. Initially, the patient maintained
peripheral oxygen saturation over 97%, while still
tachycardic and polypneic. Twelve hours after presentation,
she developed fever (38.5°C), with cold and marbled
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extremities, blood pressure of 77/35 mmHg, and respiratory
rate of 50 breaths/min. She was intubated and mechanically
ventilated. The patient had a cardiorespiratory arrest with
initial response to resuscitation, but whose recurrence led
to death. At autopsy, gross morphological examination
described cardiomegaly caused by fibroelastosis, with
thickened endocardial deposits, proximal insertion of
the papillary muscles, damage to the edge of the mitral
valve (Figure 3).

Microscopically, aspects of myocytolysis in the sub-
endocardial area have been described along with important
fibroelastic tissue in endocardium and subendocardium
(Figures 4-7). Our patient was in the category of cases
with a severe prognostic, as evidenced by ultrasound
and clinical criteria of severity, which resulted in a rapid
death, 15 hours after the initial presentation. The family
history did not reveal the existence of other cases of
fibroelastosis in the family and did not raise the suspicion
of a hereditary syndromic pathology. However, this line

of investigation needs to be followed in any type of
cardiomyopathy, including in those related to fibroelastosis.

Figure 3 — Macroscopic heart feature: ventricular and
atrial fibrous thickening of endocardium.

layer and myocardium with vascular congestion (HE
staining, x400). HE: Hematoxylin—Eosin.

collagen deposits in subendocardial area.

As studies into the pathogenicity of EFE continue,
more dilemmas are born. The distinction between primary
and secondary fibroelastosis as well as the classification
of this disease amongst other cardiomyopathies, is reason
for creating two sides. Some studies consider fibroelastosis

Figure S — Fibrous thickening of endocardium associated
vacuolar change secondary to myocytolysis (HE staining,
x100).
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Figure 7 — Important fibrous thickening of subendo-
cardial layer — detail (Masson’s staining, x400).

as a reaction of the myocardium to various injuries,
rendering the term pEFE as inappropriate, while other
consider pEFE as a self-standing disease, which arises
because of genetic and epigenetic interferences.
Whatever the results of this debate are, it is for the
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moment clear that EFE/pEFE leads to DCM-like phenotypes
more often than to a restrictive form of cardiomyopathies.
This observation has important therapeutical implications.
Regenerative therapy as treatment for severe heart failure
has gain a lot of attention in the past decade, cardiac
reprogramming by means of transplantation of induced
pluripotent stem cell (iPSC)-derived cardiomyocytes being
also investigated for cases with DCM [35]. Ieda investigated
Sendai virus (SeV) and adeno-associated viruses as vectors
for delivering human cardiac reprogramming factors to
transform cardiac fibroblasts into induced cardiomyocyte-
like cells (iCMs) [35]. Whether this attempted remediation
is feasible for EFE cases is an exciting research direction.

& Conclusions

Fibroelastosis is a rare condition with a relatively poor
prognosis. The suspicion of fibroelastosis can rise from the
prenatal period and can be managed using echocardiographic
criteria associated with the fetal cardiovascular score. Early
detection allows the initiation of neonatal treatment as
soon as possible, thus preventing further complications.
The proper management should be established considering
negative prognostic factors, involving early transplantation,
drug therapy and long-term follow-up.
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