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Introduction: Endocardial fibroelastosis (EFE), an uncommon congenital heart
disorder often occurring in infants, has a poor prognosis. It is of great
significance to perform early diagnosis and accurately analyze cardiac
function to enable further clinical treatment and prognosis decisions. This
study aimed to explore the findings of cardiac magnetic resonance (CMR) in
patients with EFE, including morphological changes and cardiac function
analyses. Additionally, we compared the difference in the evaluation of the
cardiac function between CMR and echocardiography (Echo).
Methods: Eleven patients with EFE (nine females and two males, aged between
0.3 and 1.9 years), treated in our hospital, were analyzed retrospectively. Left
ventricular posterior wall thickness (LVPW), anterior wall thickness (LVAW),
fractional shortening (FS), ejection fraction (EF), end-systolic diameter (ESD),
end-diastolic diameter (EDD), end-systolic volume (ESV), and end-diastolic
volume (EDV) were assessed using both Echo and CMR. The Original Ross
classification and the New York Heart Association functional classification
were used to grade the patients’ cardiac function. The correlations between
clinical cardiac function classification and MRI- and Echo-derived imaging
data were determined.
Results: All patients showed a thickened endocardium and left ventricle
globular dilatation on CMR. We observed significant systolic dysfunction and
whole or segmental abnormal ventricular movement. Compared with those
measured by Echo, the EF, FS, and EDV values were significantly lower when
measured using CMR. Compared with Echo measurements, the ESV, ESD,
LVAW, and LVPW values were significantly higher when measured using CMR.
CMR-measured EF and FS correlated better with the clinical cardiac
functional score than those derived from Echo (EF, r=0.646 > 0.224; FS,
r=0.627 > 0.245, respectively).
Conclusion: In patients with EFE, the characteristic morphological changes of
the heart could be displayed accurately using CMR. The parameters measured
by CMR were more accurate than those of Echo and correlated well with
clinical cardiac function scores, mainly because it does not make invalid
geometrical assumptions.
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Introduction

Collagen and elastic fiber hyperplasia in the endocardium

results in endocardial thickening, a characteristic of

endocardial fibroelastosis (EFE). Infants and young

children more frequently develop EFE, but it can also

present rarely in adulthood (1). Research showed that EFE

might be related to viral infections, intrauterine hypoxia,

immune factors, and genetic factors (2, 3). Clinical

experience suggests that EFE mainly affects the systolic

function of the left ventricle (LV) and manifests as severe

congestive heart failure. Clinical findings mainly include

heart failure, pulmonary infection, exercise intolerance,

shortness of breath, and prolonged breastfeeding time (4).

Importantly, the onset of EFE is rapid and patients might

have a poor prognosis or even die without timely

treatment (5, 6). Therefore, the diagnosis of EFE should be

established early and accurately. The gold standard method

to diagnose EFE is an endocardial biopsy. However, few

people choose it because it is an invasive procedure (7). To

date, EFE is usually diagnosed based on clinical features

and echocardiography (Echo).

Although Echo is commonly performed for patients

with EFE, research has shown that cardiac magnetic

resonance (CMR) might be more visual and accurate in

evaluating morphological and functional changes in

patients’ hearts (8, 9). The higher contrast and resolution

of CMR mean that it also provides excellent delineation

of abnormal trabeculations. This permits the

quantification and identification of the degree of

endocardial thickening. This study aimed to explore the

findings of CMR in patients with EFE and to examine its

role in EFE diagnosis, including morphological changes

and cardiac function analysis. Additionally, we determined

the difference in the evaluation of cardiac function

between CMR and Echo.
TABLE 1 Clinical cardiac function classification of heart failure.

Grade NYHA classification

I Patients with cardiac disease but without resulting limitation of physical acti
Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea
anginal pain

II Patients with cardiac disease resulting in slight limitation of physical activity. T
comfortable at rest. Ordinary physical activity results in fatigue, palpitation, d
or anginal pain

III Patients with cardiac disease resulting in marked limitation of physical activit
are comfortable at rest. Less than ordinary physical activity causes fatigue, palp
dyspnea, or anginal pain

IV Patients with cardiac disease resulting in an inability to carry on any physical
without discomfort. Symptoms of heart failure or anginal syndrome may be
even at rest. If any physical activity is undertaken, discomfort is increased

CMR, cardiac magnetic resonance; EFE, endocardial fibroelastosis.
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Patients and methods

Selection of patients

This was a retrospective study conducted on 11 patients

with EFE. The patients received treatment at our hospital

between November 2010 and July 2019. There were nine

female and two male patients, aged between 0.3 and 1.9 years

(average age = 0.9 ± 0.6). All patients underwent CMR and

Echo within 2 weeks after being admitted to the hospital. The

diagnosis of EFE was confirmed using clinical signs, Echo,

and CMR using the diagnostic criteria of the World Health

Organization/International Society and Federation of

Cardiology Task Force (10). Two experienced pediatric

radiologists with 10 years of expertise in cardiac imaging

analyzed all images. The institutional review committee of our

hospital approved the study, and informed consent was

obtained from the patients’ parents or guardians.

Of the 11 patients, 8 presented with pneumonia, 4 presented

with heart failure, and 2 presented with myocarditis. The

Original Ross classification and the New York Heart

Association functional classification were used to grade the

patients’ cardiac function (Table 1) (11, 12). The

classifications are as follows: one case of class I, two cases of

class II, seven cases of class III, and one case of class IV.
Protocols for CMR and the analysis of
images

In this study, a 1.5 T MR scanner (Signa EXCITE HD; GE

Healthcare, Chicago, IL, United States) incorporating a special

eight-channel cardiac phased-array coil was used to carry out

CMR measurements. An electrocardiography-gated technique

and a respiratory-gated technique in real-time instances were

used to avoid the influence of rhythm and breath. We
Original Ross classification

vity.
, or

No limitations or symptoms

hey are
yspnea,

Mild tachypnea or diaphoresis with feedings in infants, dyspnea at
exertion in older children; no growth failure

y. They
itation,

Marked tachypnea or diaphoresis with feedings or exertion and
prolonged feeding times with growth failure from congestive heart
failure

activity
present

Symptomatic at rest with tachypnea, retractions, grunting, or
diaphoresis
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obtained fast spin Echo with a double inversion recovery

preparatory pulse and fast-imaging employing steady-state

acquisition (FIESTA) cine images in one short-axis view and

three long-axis views (two-, three-, and four-chamber)

covering the LV from the base to the apex. Subsequently,

0.2 mmol/kg gadolinium-based contrast agent was injected

intravenously. Ten minutes later, we performed myocardial

delayed enhancement (MDE) using a T1-weighted inversion

recovery gradient Echo sequence. Dedicated software

(ReportCARD 3.0; GE Healthcare) was used by experienced

radiology technicians to carry out the cardiac function

analysis. In all scan slices, the endocardial and epicardial

borders of the LV myocardium were traced manually at the

end of diastole and systole on each cine short-axis image to

determine LV fractional shortening (FS), LV ejection fraction

(EF), LV end-systolic volume (ESV), and LV end-diastolic

volume (EDV). At the end of the diastolic phase, we

measured the left ventricular posterior wall thickness (LVPW)

and left ventricular anterior wall thickness (LVAW). An

ultrasound instrument (Vivid 7; GE Healthcare) using a probe

frequency of 2.5 MHz was used to carry out Echo

measurements. An EchoPAC workstation (GE Vingmed

Ultrasound AS, Horten, Norway) was used for data analysis.
Statistical analyses

The data were consistent with the skewness distribution and

were described by the median and interquartile range (IQR).

Statistical differences were tested using the Wilcoxon signed-

rank test. Correlations between clinical cardiac functions and

CMR/Echo characteristics were calculated using Spearman’s

rank correlation analysis. Statistically significant differences
FIGURE 1

Representative MRI scans of a 1-year-old female patient with EFE who presen
(A,B) Short-axis and axial FIESTA cine showing thickened endocardium with
endocardial fibroelastosis.
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were identified by a P value < 0.05. SPSS version 25.0 (IBM

Corp., Armonk, NY, United States) was used to conduct

statistical analyses.
Results

In all cases, CMR showed a thickened endocardium (mostly

larger than 2–3 mm) with increased and hypertrophied

myocardial trabeculae. The boundary between the thickened

myocardial trabeculae and the compact myocardium was

clear, which was located in the inferior wall, posterior wall,

and posterior ventricular septum of the left ventricle. In the

short-axis position, the lesion range was more than one-third

or one-half of the circumferential diameter (Figure 1). The

left ventricle was globularly dilatated, and the ventricular

septum was obviously protruding to the right ventricular side,

with reduced EF and FS. Moreover, we observed whole or

segmental abnormal ventricular movement (Table 2,

Figure 2). Among our patients, four received MDE, which

revealed no obvious endocardial enhancement in any of them

(Figure 3).

The data for all 11 patients, including their clinical cardiac

functional score and their measured EF and FS (based on

CMR vs. Echo), are shown in Table 3. The LV function

indexes measured by CMR and Echo in patients with EFE

were analyzed. The values of EF, FS, and EDV were lower

when measured using CMR than when measured using Echo.

Compared with those in the Echo group, the values of ESV,

ESD, LVAW, and LVPW were significantly higher in the

CMR group (P < 0.05; Table 4). There was no significant

difference for end-diastolic diameter (EDD). CMR-determined

EF and FS correlated well with the classification of clinical
ted with severe heart failure and had PCR once due to the heart event.
obviously increased and hypertrophied myocardial trabeculae. EFE,
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TABLE 2 Morphological findings of CMR in 11 patients with EFE.

Patient Age
(year)

Globularly dilatated left
ventriclea (mm)

Whole or segmental
decreased ventricular wall

movementb (%)

Location of myocardial involvementc Lesion range of
myocardial
involvementd

1 0.5 40 11 Anterior, lateral, and posterior walls of the left ventricle 1/2

2 0.3 32 23.9 Posterior ventricular septum, anterior, lateral,
posterior, and inferior walls of the left ventricle

2/3

3 1.8 36 14.3 Posterior and inferior wall of the left ventricle 1/3

4 0.4 51 13.8 Anterior ventricular septum, anterior, lateral, and
posterior walls of the left ventricle,

1/2–2/3

5 1.9 53 14.8 Lateral, and posterior walls of the left ventricle 1/3

6 0.3 46 15.8 Lateral, posterior, and inferior walls of the left ventricle 1/2

7 1 46 14.8 Posterior ventricular septum, anterior, lateral,
posterior, and inferior walls of the left ventricle

2/3

8 1.4 48 15.7 Anterior, lateral, posterior, and inferior walls of the left
ventricle

2/3

9 1.2 44 11.1 Lateral and posterior walls of the left ventricle 1/3

10 0.9 40 12.3 Anterior, lateral, and posterior walls of the left ventricle 1/2

11 0.4 30 29.6 Lateral, posterior, and inferior walls of the left ventricle 1/2

CMR, cardiac magnetic resonance; EFE, endocardial fibroelastosis.
aDescribed by the left ventricular end-diastolic diameter.
bDescribed by ejection fraction.
cCMR showed thickened endocardium and obviously increased and hypertrophied myocardial trabeculae.
dThe lesion range of the circumferential diameter in the short-axis section of the papillary muscle.

FIGURE 2

Representative MRI scans of a 5-month female EFE patient who presented with cyanosis and shortness of breath. (A) Four-chamber D-IR FSE
showing LV globular enlargement; the ventricular septum is obviously protruding to the right ventricular side. (B,C) Short-axis FIESTA cine at the
end of systole and diastole, respectively, showing thickened endocardium and reduced movement of the LV. EFE, endocardial fibroelastosis; LV,
left ventricle.
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cardiac function (r = 0.646 and r = 0.627, respectively).

Meanwhile, Echo-classified EF and FS also correlated with

clinical cardiac function classes (r = 0.224 and r = 0.245,

respectively) (Figure 4).
Discussion

Left ventricular dysfunction caused by EFE sometimes

causes fulminant progression to heart failure. Early diagnosis,
Frontiers in Pediatrics 04
early treatment, and long-term adherence are the key to a

good prognosis (13). Histological examination remains the

“gold standard” for EFE diagnosis. However, because of its

noninvasive nature, lack of radiation, and economy, currently,

Echo is the most frequently used technique to diagnose EFE

clinically in our country. However, CMR has high spatial and

tissue resolution that can accurately observe the

morphological changes of the heart and analyze cardiac

function (8, 9). The 11 cases in our study were assessed using

both CMR and Echo within 2 weeks. Our findings showed
frontiersin.org
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TABLE 3 Clinical cardiac function classification and EF and FS
measured by CMR or Echo.

Patient Age
(year)

CMR Echo Classification

EF (%) FS (%) EF (%) FS (%)

1 0.5 11 10 39 18 III

2 0.3 23.9 13 45 22 II

3 1.8 14.3 11 39 19 IV

4 0.4 13.8 11 31 15 III

5 1.9 14.8 15 41 20 III

6 0.3 15.8 11 38 18 III

7 1 14.8 11 47 23 III

8 1.4 15.7 12 36 17 II

9 1.2 11.1 11 47 23 III

10 0.9 12.3 10 38 18 III

11 0.4 29.6 19 59 30 I

EF, ejection fraction; FS, fractional shortening; CMR, cardiac magnetic

resonance.

FIGURE 3

Representative images of MDE in two different EFE patients. (A,B) Short-axis and axial views showing no obvious delayed enhancement in both. EFE,
endocardial fibroelastosis.

Xiao et al. 10.3389/fped.2022.874597
that in pediatric patients with EFE, CMR could visualize

morphological changes accurately and detect functional

alterations. By contrast, Echo-based diagnosis of EFE has

limited sensitivity and accuracy because of its small field of

vision, low spatial resolution, and strong dependence on the

experience of the person carrying out the Echo. Additionally,

MDE has been reported as a method to represent fibrosis of

the myocardium (14). In typical cases, a rim of hyperintense

signal in the myocardium will be found in MDE images (15).

However, in our study, only four patients received MDE and

none of them had obvious delayed enhancement. This might

be related to the insufficient delayed time from contrast agent

injection to scanning. Research showed that the best

discrimination of the enhancement of EFE was noted
Frontiers in Pediatrics 05
15–20 min after contrast agent injection (15). Further research

is needed to improve this area.

Additionally, for patients who are suspected of having EFE,

it is sometimes difficult to distinguish EFE from left ventricular

noncompaction (LVNC). The best method of diagnosis is

endocardial biopsy, which is an invasive method and is not

recommended. CMR can clearly show the border of the

endocardium and the compact myocardium, which can be

used to distinguish these two diseases. Deep trabecular fossae

communicating within the LV cavity and multiple prominent

trabeculae in the subendocardial area characterize LVNC.

LVNC can also be manifested as apparent thickening of the

endocardium, similar to EFE. The difference is that the

compacted myocardium is significantly thinned in LVNC, but

not in EFE (16). The left ventricular wall thickness was

normal in all our cases (average LVPW: 5.18 ± 1.25 mm).

Additionally, dilated cardiomyopathy (DCM) and EFE both

result in an enlarged heart and manifest as congestive heart

failure. DCM is mainly characterized by the enlargement of

bilateral cardiac chambers, along with normal or thin

myocardial wall thickness, without endocardial thickening

(17). Mural thrombus and regional wall motion abnormalities

can be found in some cases of DCM (18). Furthermore,

patients with EFE are significantly younger than patients with

DCM (19).

Compared with Echo, CMR can display the heart more

comprehensively and evaluate cardiac function more

accurately. CMR can scan the entire heart and calculate the

ejection fraction by delineating the endocardium and

epicardium layer by layer with good repeatability, while Echo

mainly evaluates it using geometric formulas. A cine sequence

on CMR can demonstrate well the reduced movement of the

left ventricle wall. However, Echo might be affected by

the proficiency of the operator and the acoustic window. In
frontiersin.org
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TABLE 4 LV parameters measured by CMR and Echo in patients with EFE.

Technique EF (%) FS (%) EDV (ml) ESV (ml) EDD (mm) ESD (mm) LVAW (mm) LVPW (mm)

CMR 14.8 (15.8–12.3) 11.0 (13.0–11.0) 59.6 (75.1–51.1) 50.8 (67.3–45.4) 44.0 (48.0–36.0) 40.0 (44.0–32.0) 5.0 (6.0–5.0) 5.0 (6.0–4.0)

Echo 39.0 (47.0–38.0) 19.0 (23.0–18.0) 78.5 (107.5–47.4) 44.1 (65.9–27.0) 42.0 (48.0–34.0) 33.0 (39.0–27.0) 4.0 (5.0–3.0) 5.0 (5.0–3.0)

P-value 0.003 0.003 0.008 0.041 0.240 0.029 0.031 0.034

CMR, cardiac magnetic resonance; EFE, endocardial fibroelastosis; EF, ejection fraction; FS, fractional shortening; EDV, end-diastolic volume; ESD, end-systolic

diameter; EDD, end-diastolic diameter; ESD, end-systolic diameter; LVAW, left ventricular anterior wall thickness; LVPW, left ventricular posterior wall thickness.

Note: Data were described by the median and interquartile range.

FIGURE 4

(A,B) Scatterplot of clinical cardiac function classification and EF and FS measured by CMR in patients with EFE. (C,D) Scatterplot of clinical cardiac
function classification and EF and FS measured by Echo in patients with EFE. EF, ejection fraction; FS, fractional shortening; CMR, cardiac magnetic
resonance; EFE, endocardial fibroelastosis.
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the analysis of cardiac function, the LV function measured by

Echo is based on the LV geometry and the selection of the

most appropriate formula to calculate the LV volume.

Therefore, Echo might overestimate the cardiac function of

patients with EFE and the severity of the disease could be

missed. The results of this study demonstrated that the LV-

associated function indexes (i.e., EDV, EF, and FS) were

significantly lower in the CMR group than in the Echo group

(P < 0.05). Compared with those of Echo, CMR-determined

EF and FS correlated better with the clinical cardiac

functional score (EF, r = 0.646 > 0.224; FS, r = 0.627 > 0.245,

respectively). Echo does have some advantages. It is a portable

technique and is rapid and cheap. Moreover, Echo is often

the first choice for most patients. However, with the

development of magnetic resonance imaging (MRI) and the

use of electrocardiography and respiratory gating, cardiac MRI

can play a more important role in diagnosing EFE. Patients
Frontiers in Pediatrics 06
suspected of having EFE should be recommended to receive a

CMR for diagnosis and a comprehensive evaluation of their

cardiac function (20, 21).

Additionally, we plan to include some progressing

techniques, such as T1 mapping, to quantitatively analyze

myocardial tissue in a future study. T1 mapping is a

quantitative assessment of myocardial tissue characteristics

involving measuring the myocardial T1 value and the

extracellular volume fraction (22). It is a noninvasive

technique that can be used to detect diffuse myocardial

fibrosis of some myocardial diseases, such as DCM; however,

to date, there has been no report on its application in

endocardial fibroelastosis (23).

In our study, we found that the bright-blood cine sequence

had the most diagnostic value. First, a globularly dilatated left

ventricle and the whole or segmental decreased ventricular

wall movement could be observed on it. The most helpful
frontiersin.org
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finding is that with dynamic observation on the bright-blood

cine sequence, the thickened endocardium with obviously

increased and hypertrophied myocardial trabeculae could be

identified at the end of diastole and, from the aggregate

myocardial trabeculae, which resembled a “thickened

myocardium,” at the end of systole, which might be

misdiagnosed as hypertrophic cardiomyopathy (HCM).

Additionally, the boundary between the thickened myocardial

trabeculae and the compact myocardium was clear, which can

distinguish EFE from LVNC.
Study limitations

This study had some limitations. First, this was a single-

center retrospective study. Second, the number of cases was

relatively low. Therefore, it is necessary to expand the number

of samples for further research.
Conclusions

CMR can accurately display the characteristic

morphological changes of the heart in patients with EFE. In

the analysis of cardiac function, the values measured by CMR

were more accurate than those measured using Echo and had

a good correlation with clinical cardiac function. Of course,

CMR also has some limitations such as long examination

times and higher costs. With the further development of

medical technology, improvements in CMR can be expected

in the future.
Frontiers in Pediatrics 07
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