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Background: In China, endomyocardial fibrosis (EMF) is a type of restrictive cardiomyopathy that is rare and easy to bemisdiag-
nosed. Our aim was to examine the value of routine echocardiography (RE) combined with contrast-enhanced echocardiography
(CEE) in EMF diagnosis.
Methods: We studied 16 EMF patients retrospectively, from 2012 to 2022. All patients underwent RE, from which 11 under-
went CEE. We divided the patients into three groups: biventricular EMF (Bi-EMF), right ventricular EMF (RV-EMF), and left
ventricular EMF (LV-EMF) based on different lesion locations. We also analyzed the clinical and conventional ultrasound charac-
teristics of the three groups of patients and examined the ventricle opacification (VO) and myocardial contrast echocardiography
(MCE) characteristics of patients who underwent CEE.
Results: All patients with EMF subtypes had the following ultrasound findings: apical occlusion on one or both sides, correspond-
ing atrial dilatation, atrioventricular valve regurgitation in varying degrees, and cardiac diastolic dysfunction. Of the subjects,
69% had apical thrombus calcification and 81% had mild pericardial effusion. RV-EMF patients had statistically significant
right atrial enlargement compared with the other two groups (p < 0.05), moderate or severe tricuspid regurgitation, and infe-
rior vena cava (IVC) dilation. LV-EMF patients had statistically significant left atrial enlargement compared with the other two
groups (p < 0.05), elevated pulmonary artery systolic pressure (PASP), and 60% of LV-EMF patients had moderate or severe
mitral regurgitation. Bi-EMF patients had bilateral atrial enlargement, an IVC collapsibility index <50%, and elevated PASP.
CEE was performed in 11 patients, whose ventricle opacification showed no contrast filling in the apical occluded area and the
heart chambers presented the “mushroom sign” during diastole. Their myocardial contrast echocardiography (MCE) showed
delayed perfusion in the thickened fibrotic endomyocardium (TFE) of the apical and subvalvular regions and perfusion defect in
the apical thrombus. The number and location of thrombus determined by the MCE combined with RE were the same as those
detected by cardiac magnetic resonance imaging (CMR). MCE shows that the position and range of TFE are similar to CMR.
Conclusions: EMF has characteristic RE presentation, and different EMF subtypes have unique characteristics. CEE can better
display heart structure, ventricular wall motion, and tissue perfusion compared to RE. A combination of RE and CEE can make
the EMF diagnosis more accurate, thereby allowing early treatment for EMF patients.
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Introduction

Endomyocardial fibrosis (EMF) is an overlooked en-
demic restrictive cardiomyopathy that is prevalent in trop-
ical and subtropical developing countries and was first re-
ported in Uganda by Davies in 1948 [1]. EMF is commonly
found in central Africa but is seldom seen in China. The
highest incidence of this condition is observed in the regions
of Guangxi, Guangdong, and Guizhou. Although there is
still a lack of knowledge on the etiology and pathogene-
sis of EMF, it is believed to be caused by the joint effects
of parasitic worm infection, poverty, malnutrition, and ge-

netic susceptibility. This stimulates inflammation and im-
munomodulation, resulting in endomyocardial fibrosis that
mainly involves the apical and subvalvular regions in one or
two ventricles. EMF is classified into three forms based on
lesion site, namely biventricular EMF (Bi-EMF), left ven-
tricular EMF (LV-EMF), and right ventricular EMF (RV-
EMF) [2]. Most EMF patients have normal ventricular sys-
tolic function. Diastolic insufficiency is the cause of severe
heart failure (HF) in patients [3,4]. Currently, there is no
effective treatment, but surgical resection of the thickened
endocardium and simultaneous valve repair or replacement
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Fig. 1. RV-EMF patient. (A) Apical 4-chamber view during systole showed significant RA enlargement and downward traction on
tricuspid valve septal leaflet (arrow). (B) RV shrinkage and deformation, RV apical occlusion, and thrombus calcification (arrow). (C,D)
Right ventricular inflow tract view shows the fissure when tricuspid valve is close (arrow), and severe TR. (E–G) They are MCE images
after high-energy pulse flash, which are the first cardiac cycle, the third cardiac cycle, and the plateau phase, respectively. Perfusion
in the myocardium of the occlusion site was normal (short arrows), perfusion in the TFE was delayed, and perfusion in the uncalcified
thrombus was absent (long arrow). (H) CMR late gadolinium enhancement TFE showed typical “V sign” (short arrows). The black area
was the thrombus (long arrow). RV, right ventricle; RA, right atrium; TR, tricuspid regurgitation; MCE, myocardial contrast echocardio-
graphy; TFE, thickened fibrotic endomyocardium; CMR, cardiac magnetic resonance imaging; LV, left ventricle; LA, left atrium; EMF,
endomyocardial fibrosis; RV-EMF, right ventricular endomyocardial fibrosis.

can improve survival rate compared with drug treatment
[5,6]. This may be the only option to improve EMF progno-
sis. However, advanced EMF patients with severe HF and
malignant signs are unsuitable for surgery. Hence, prompt
diagnosis of EMF is extremely important [3].

Endomyocardial biopsy is the gold standard for EMF
diagnosis, but the risk of injury is high. Also, endocar-
dial fibrosis, mural thrombus organization, and calcifica-
tion cause the biopsy success rate to be low [7]. Cardiac
magnetic resonance imaging (CMR) can provide detailed
anatomical, morphological, and functional information on
the heart. Late gadolinium enhancement can be used to
evaluate the presence of myocardial inflammation, injury,
and fibrosis, and it is the standard for non-invasive EMF
diagnosis and fibrosis evaluation [8–11].

However, magnetic resonance imaging (MRI) exami-
nations are expensive and have high technical requirements;
only large hospitals possess MRI equipment. Hence, CMR
cannot be used for routine examination. Echocardiogra-
phy is widely used in clinical practice and it is the first-line
method for EMF evaluation [12–14]. However, EMF is rare
and there is no known characteristic clinical presentation
of EMF, making it easy to be misdiagnosed by inexperi-
enced ultrasound physicians. In this study, we analyzed the
echocardiography results of 16 clinically confirmed EMF
patients to examine the role of routine echocardiography
(RE) combined with contrast-enhanced echocardiography
(CEE) in diagnosis, in order to achieve immediate treatment
and improve the quality of life and prognosis of patients.

Data and Methods

Study Participants
After the study was approved by the institutional re-

view board of Guangdong Second Provincial General Hos-
pital, data from January 2012 toAugust 2022were collected
from the hospital’s case database in a retrospective mode.
The information included 16 EMF cases confirmed by en-
domyocardial biopsy and/or CMR. There were nine males
and seven females, and their ages ranged from 48 to 77 (60
± 8) years. Eleven subjects were fromGuangdong province
and five were from Guangxi province. The disease course
ranged from three months to nine years. The main symp-
toms in all the patients were recurrent chest tightness and
shortness of breath, which was accompanied by edema of
both lower extremities in nine of them, jugular vein dis-
tension in four and cough accompanied by expectoration in
two. Themedian eosinophil count for the individuals was<
0.5× 109 g/L. Coronary angiography results were all nega-
tive. Three subjects underwent endomyocardial biopsy and
13 underwent CMR. Sixteen patients underwent RE, among
which 11 went through CEE at the same time.

Equipment and Methods
All subjects underwent a complete echocardiogra-

phy evaluation using iE33 imaging system (Philips, An-
dover, MA, USA), 7c imaging system (Philips, Andover,
MA, USA) or vivid E95 scanner (GE Vingmed Ultra-
sound, Horten, Norway), whose probe frequencies were
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Fig. 2. LV-EMF patient. (A,B) LV long axis view shows mitral valve chordae tendineae thickening and echo enhancement (arrow),
papillary muscle fusion to TFE and thrombus, valves being pulled down during systole and mild MR. (C) Apical 4-chamber view
during systole shows significant LA enlargement, LV apical occlusion, and thrombus calcification (arrows). (D) CMR late gadolinium
enhancement TFE shows typical “V sign” (short arrows). The upper black area in TFE represents the thrombus (long arrow). LV, left
ventricle; LA, left atrium; MR, mitral regurgitation; AO, aorta.

Fig. 3. Bi-EMF patient. (A) Apical 4-chamber view during systole shows bilateral atrial enlargement and bilateral ventricle apical
occlusion (arrows). (B) LV short-axis view shows mitral valve papillary muscle fusion to TFE and thrombus (arrows). (C,D) Subxiphoid
4-chamber view shows tricuspid valve chordae tendineae thickening and echo enhancement (arrow), papillary muscle fusion to TFE and
thrombus, valves pulled down during systole and moderate-severe TR. (E) In MCE plateau stage, perfusion is absent in the apical throm-
bus (arrow). (F) Restrictive mitral valve blood flow frequency spectrum of EMF patient: E/A >2, DT <140 ms. Bi-EMF, biventricular
endomyocardial fibrosis; E, peak E-wave velocity; A, peak A-wave velocity; D, E-wave deceleration time.

2.0–3.5 MHz, 1.6–3.2 MHz, and 1.4–4.6 MHz respec-
tively. Echocardiography parameters were analyzed ac-
cording to the American Society of Echocardiography
guidelines, including Doppler measurements, M mode and
two-dimensional (2D) imaging [15]. The biplane disk
method, a modified Simpson’s technique, was used to cal-
culate the left ventricular end-diastolic volume (LVEDV)
and the left ventricular ejection fraction (LVEF). The left
ventricular end-diastolic volume index (LVEDVI) can be
obtained from the fraction result LVEDV/body surface area
(BSA). The left atrial volume (LAV) was measured from

apical 4-chamber and 2-chamber views using the biplane
disk method at ventricular end-systole (when the left atrial
diameter is at its maximum value). The left atrial volume
index (LAVI) can be calculated as LAV/BSA. The right
ventricular end-systolic area (RVESA) and right ventricular
end-diastolic area (RVEDA) were obtained from the right
ventricular focused apical 4-chamber view. The right ven-
tricular end-diastolic area index (RVEDAI) can be acquired
from the division RVEDA/BSA. The formula for right ven-
tricular fractional area change (RVFAC) is: (RVEDA -
RVESA)/RVEDA × 100. The right atrial volume (RAV)
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Fig. 4. VO in EMF patient and APHCM patient. (A,B) EMF patient. In apical 4-chamber view, there was severe endocardial calci-
fication (arrow), chambers were not clearly displayed, and chambers were clearly displayed on VO as “mushroom sign”. (C) APHCM
patient. Ventricle opacification during diastole showed “spade-shape”. VO, ventricle opacification; APHCM, apical hypertrophic car-
diomyopathy.

Video 1. The ventricular base showed excessive motion compared with the apex. HR: heart rate. The embedded movie may also be
viewed at https://doi.org/10.24976/Discov.Med.202335179.101.

was measured from the apical 4-chamber view using the bi-
plane disk method at ventricular end-systole (when the right
atrial diameter is at its maximum value). The right atrial
volume index (RAVI) is RAV/BSA. The pulmonary artery
systolic pressure (PASP) was calculated at peak systolic
blood flow using Bernoulli’s equation. The right atrium
(RA) pressure was derived based on the inferior vena cava
diameter and its respiratory change. Mitral and tricuspid di-
astolic function measurements included the following: si-
nus rhythm, mitral and tricuspid diastolic phase peak E-
wave velocity (E), peak A-wave velocity (A), and E-wave
deceleration time (DT). Base on this data, the E/A ratio
was calculated. For atrial fibrillation, mitral and tricuspid

E, early diastolic mitral annular motion velocity (e’) at the
interventricular septum and lateral wall of the mitral annu-
lus and e’ at the anterior tricuspid annulus were measured;
then E/e’ was calculated. The severity of mitral and tricus-
pid regurgitation was graded using an integrated and semi-
quantitative approach as mild, moderate, or severe [16].

CEE was performed as follows: 5 mL of 0.9% sodium
chloride solution was added to the contrast agent SonoVue
and shaken to form a microbubble suspension and 2.5 mL
of the mix was diluted with 12.5 mL of 0.9% sodium chlo-
ride solution. Then a 20 G intravenous needle was used for
injection at a uniform speed for 2 minutes in the left cu-
bital vein. Ventricle opacification (VO): The VO imaging
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Video 2. There was no significant decrease in myocardial motion at the occlusion site. The embedded movie may also be viewed at
https://doi.org/10.24976/Discov.Med.202335179.101.

Video 3. LV short-axis view showed mitral valve papillary muscle fusion to TFE and thrombus. The embedded movie may also be
viewed at https://doi.org/10.24976/Discov.Med.202335179.101.

mode was selected. Apical 4-chamber, 3-chamber, and 2-
chamber and right ventricular inflow tract images were ac-
quired and stored. Five cardiac cycles were stored for each
view.

Myocardial contrast echocardiography (MCE) was
performed as follows: the instrument was switched to low
mechanical index real-time imaging mode, MI-0.08. Once
the intramyocardial contrast agent was stable, a high-energy
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Video 4. Apical 4-chamber view showed significant RA enlargement and downward traction on tricuspid valve septal leaflet. The
embedded movie may also be viewed at https://doi.org/10.24976/Discov.Med.202335179.101.

Video 5. Color doppler imaging showed severe TR. The embedded movie may also be viewed at https://doi.org/10.24976/Discov.M
ed.202335179.101.

pulse flash (15 frames/s) was triggered to disrupt the mi-
crobubbles in intramyocardial angiography, and the my-
ocardial microbubble reperfusion imaging was acquired.

Statistical Analysis
SPSS 21.0 software (IBM, Chicago, IL, USA) was

used for statistical analysis. Normally distributed quan-
titative data were expressed as mean ± standard devia-
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Video 6. Right ventricular outflow tract view showed outflow tract dilatation. The embedded movie may also be viewed at https:
//doi.org/10.24976/Discov.Med.202335179.101.

Video 7. VO (Ventricle opacification): Cardiac cavity clearly displayed in EMF patients with severe calcification. The embedded
movie may also be viewed at https://doi.org/10.24976/Discov.Med.202335179.101.

tion. One-way ANOVA was used for inter-group compar-
ison while the least significant difference (LSD) test was
used for pair-wise comparison. Qualitative data were ex-
pressed as number of patients and percentages, and the

Fisher-Freeman-Halton Exact Test was utilized for inter-
group comparison. p < 0.05 was considered to indicate a
statistically significant difference.
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Video 8. MCE: Perfusion in myocardium of the occlusion site was normal, perfusion in TFE was delayed, and perfusion in the
uncalcified thrombus was absent. The embedded movie may also be viewed at https://doi.org/10.24976/Discov.Med.202335179.101.

Results

Out of the 16 patients, only one had an echocardiog-
raphy result of EMF at the first hospitalization, whereas the
others were treated in at least two hospitals and underwent
at least two echocardiography examinations. The initial ul-
trasound diagnoses of these patients are shown in Table 1.
Ultimately, 7 (44%), 4 (25%), and 5 (31%) patients were
diagnosed with Bi-EMF, RV-EMF, and LV-EMF, respec-
tively. Fifteen patients were grouped, taking into account
their symptoms, inside class III/IV, according to the New
York Heart Association (NYHA) functional class. One pa-
tient with LV-EMF was categorized inside NYHA func-
tional class II. Electrocardiography showed that 6 (38%)
patients had atrial fibrillation, of which the right ventric-
ular form is the most common; 5 (31%) had ST-T changes;
3 (19%) had frequent premature atrial contractions; 2 (13%)
had paroxysmal atrial tachycardia; one had paroxysmal
ventricular tachycardia; and two had complete right bundle
branch block. There were no statistically significant differ-
ences in age, gender, or surface area between different EMT
subtypes (all p < 0.05) (Table 2).

Ultrasound results common to all EMF subtypes were
as follows: (1) Unilateral or bilateral ventricular apical
subvalvular thickening, apical occlusion, apical thrombus
calcification in most patients (69%), decreased ventricu-
lar long axis, normal or increased transverse diameter and
corresponding atrial dilation (Fig. 1A,B; Fig. 2A; Fig. 3A),
ventricular base showing excessive motion compared with

Table 1. Initial ultrasound diagnosis of the endomyocardial
fibrosis patients.

Type N Ultrasound diagnosis

Bi-EMF

3 Apical hypertrophic cardiomyopathy
2 Coronary heart disease with apical thrombus
1 Atrioventricular valve regurgitation
1 Constrictive pericarditis

RV-EMF
2 Ebstein anomaly
1 Right ventricular cardiomyopathy

LV-EMF
2 Apical hypertrophic cardiomyopathy
2 Coronary heart disease with apical thrombus
1 Mitral valve lesion

Bi-EMF, biventricular endomyocardial fibrosis; RV-EMF, right
ventricular endomyocardial fibrosis; LV-EMF, left ventricular
endomyocardial fibrosis.

the apex (Video 1), no significant decrease in myocardial
motion at the occlusion site (Video 2), mild pericardial
effusion in 81% of patients (Fig. 1A; Fig. 2A). (2) Tri-
cuspid valve and/or mitral valve chordae tendineae thick-
ening and echo enhancement. Papillary muscle fused to
thickened fibrotic endomyocardium (TFE) and thrombus
(Fig. 3B; Video 3). Valves were unable to close prop-
erly and pulled down during systole (Fig. 1C; Fig. 2A;
Fig. 3C; Video 4). The degree of regurgitation varies
(Fig. 1D; Fig. 2B; Fig. 3D; Video 5). (3) Systolic func-
tion was normal, diastolic dysfunction was present, 9 sinus
rhythm patients had restrictive diastolic dysfunction in the
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Table 2. Clinical and routine echocardiography characteristics of endomyocardial fibrosis patients.
Parameter All EMF (n = 16) RV-EMF (n = 4) LV-EMF (n = 5) Bi-EMF (n = 7) F-value/χ2 p-value

Age (years) 60 ± 8 60 ± 8 62 ± 10 59 ± 8 0.145 0.866
Male (%) 9 (56%) 2 (50%) 3 (60%) 4 (57%) 0.350 1.000
Body surface area 1.63 ± 0.14 1.60 ± 0.15 1.65 ± 0.14 1.63 ± 0.16 0.134 0.876
Atrial fibrillation 6 (38%) 3 (75%) 1 (20%) 2 (28%) 2.953 0.344
NYHA class, III/IV 15 (94%) 4 (100%) 4 (80%) 7 (100%) 2.156 0.562
LVEF, % 61.75 ± 3.13 63.75 ± 3.10 60.00 ± 3.61 61.86 ± 2.41 1.765 0.210
LVEDVI (mL/m2) 49.94 ± 6.03 46.00 ± 6.48 54.00 ± 6.28 49.29 ± 4.34 2.413 0.129
RVFAC, % 47.43 ± 6.72 43.25 ± 6.39 52.20 ± 5.97 46.42 ± 6.08 2.544 0.117
RVEDAI (cm2/m2) 11.06 ± 1.80 11.68 ± 2.11 10.52 ± 1.76 11.09 ± 1.83 0.422 0.664
LAVI (mL/m2) 63.38 ± 28.83 29.00 ± 3.37 94.80 ± 23.15a 60.57 ± 9.76bc 22.985 0.001
RAVI (mL/m2) 67.31 ± 36.02 118.50 ± 27.33 32.80 ± 5.12a 62.71 ± 9.45bc 37.414 0.001
PASP (mmHg) 47.50 ± 12.18 32.25 ± 1.71 54.80 ± 12.95a 51.00 ± 6.63b 8.835 0.004
Moderate or severe MR 5 (31%) 0 3 (60%) 2 (28%) 3.301 0.263
Moderate or severe TR 7 (44%) 4 (100%) 1 (20%) 2 (28%) 6.341 0.031
Apical thrombus calcification 11 (69%) 4 (100%) 3 (60%) 4 (57%) 2.279 0.407
Pericardial effusion 13 (81%) 4 (100%) 4 (80%) 5 (71%) 1.266 0.750
NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; LVEDVI, left ventricular end-diastolic volume
index; RVFAC, right ventricular fractional area change; RVEDAI, right ventricular end-diastolic area index; LAVI, left atrial
volume index; RAVI, right atrial volume index; PASP, pulmonary artery systolic pressure. ap < 0.05, LV-EMF vs RV-EMF; bp <

0.05; Bi-EMF vs RV-EMF; cp < 0.05 Bi-EMF vs LV-EMF.

involved ventricles, atrioventricular valve frequency spec-
trum showed restrictive filling pattern (Fig. 3F), E/A >2,
DT <140 ms, E/e’ of involved ventricles >11 in atrial fib-
rillation patients.

The RV-EMF ultrasound results were as follows: se-
vere dilatation of the right atrium (RA) [RAVI was (118.50
± 27.33 mL/m2)], which was statistically significant com-
pared with the other two groups (p < 0.05) (Table 2).
The right ventricular outflow tract was normal or dilated
(Video 6); the left atrium and ventricle were not enlarged;
and the left cardiac function was normal. Moderate or se-
vere tricuspid regurgitation (TR) was observed (3 patients
had severe TR), and PASP was normal. Dilation of the in-
ferior vena cava (IVC) was observed with a diameter >2.1
cm and a collapsibility index <50%.

The LV-EMF subsequent ultrasound results were: left
atrial (LA) enlargement (LAVI was 94.80± 23.15 mL/m2),
which was statistically significant compared with the other
two groups (p < 0.05) (Table 2), and normal or mildly en-
larged RA (Fig. 2C). Moderate or severe mitral regurgita-
tion (MR) (60%) was common. There was a mild to moder-
ate increase in PASP (54.80± 12.95 mmHg). Four patients
(80%) developed left ventricular (LV) restrictive diastolic
dysfunction.

The Bi-EMF ultrasound results were as follows: bi-
lateral atrial enlargement with a similar degree between the
two atria. Apical thrombus calcifications were all located
in the LV.Most patients had mildMR and TR. Four patients
had moderate-severe MR or TR. There was a mild to mod-
erate increase in PASP (51.00 ± 6.63 mmHg) and no sta-

tistically significant difference compared with the LV-EFT
group (p > 0.05). IVC collapsibility index was <50%, and
one patient presented IVC diameter >2.1 cm.

Eleven patients, including five cases of unclear di-
agnosis by RE and six cases of blood supply status of
the apical occlusion, underwent CEE followed by CMR.
Overall, five, three, and three patients had Bi-EMF, RV-
EMF and LV-EMF, respectively. VO characteristics are
that there is no contrast agent filling in apical occlusion ar-
eas and heart chambers show a “mushroom sign” during
diastole [6] (Fig. 4A). Due to severe apical thrombus cal-
cification in three patients, ventricles were not clear in RE
(Fig. 4B) but heart chambers could be clearly seen in VO
(Fig. 4A); excessive basal ventricular motion was easily ob-
served (Video 7).

During MCE, the normal myocardium of the involved
area was perfused simultaneously with the same intensity
as that in the uninvolved area; as a result, the myocardium
did not get thinner. The perfusion in the thickened fibrotic
endomyocardium was slow, specifically, in the apical and
subvalvular regions. The perfusion from the outside to the
inside was gradual (Fig. 1E,F; Video 8). At the plateau
stage, the TFE showed the same perfusion intensity as the
normal myocardium (Fig. 1G; Fig. 3E). Uncalcified throm-
bus did not show a contrast agent perfusion from Flash to
plateau, presenting as a dark area (Fig. 1G; Fig. 3E). CMR
late gadolinium enhancement of TFE showed a continuous
region that usually extended from the subvalvular zone to
the apex, presenting a “V sign”, thrombus and calcification
were the dark regions (Fig. 1H; Fig. 2D). CMR detected
seven cases of left ventricular thrombus and six cases of
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right ventricular thrombus. The number and location of
thrombus determined by the MCE combined with RE were
the same as those detected by CMR. The MCE and CMR
displayed the position and range of the TFE in a similar
manner.

Discussion

In recent years, ultrasonography which results in the
effective evaluation of heart structure, function, and mi-
crocirculatory changes using CEE, is widely employed in
China [17]. CEE includes VO and MCE. VO can improve
the image quality through heart chamber imaging and in-
crease the accuracy of disease diagnosis. MCE is myocar-
dial sonography that utilizes enhanced myocardial imaging
to reflect myocardial and mass microcirculation and perfu-
sion [18]. There are few reports that combine RE with CEE
to diagnose EMF [19–21]. In this retrospective study, we
found that such combination canmake EMF diagnosis more
accurate.

The ultrasound results of the sixteen EMF patients in
this study were essentially the same as previously reported
in the literature [4,22,23]. Each EMF subtype presented
their own characteristics. RV-EMF showed an abnormally
enlarged RA, a normal LA and LV size, IVC dilation, and
the most severe TR. LV-EMF presented significant LA en-
largement, normal or mild enlargement of the RA, and mild
to moderate elevation in PASP. Bi-EMF presents bilateral
atrial enlargement, an IVC collapsibility index <50%, and
mild to moderate elevation in the PASP. We found that 69%
of EMF patients had apical thrombus calcifications, which
were located at the edge of the apical occlusions, next to
the heart chamber, and often presenting as a band (shown
in Fig. 2C). All the Bi-EMF calcifications were located in
the LV. Atrioventricular valves presented varying degrees
of regurgitation, likely caused by fusion of the papillary
muscles into the TFE and thrombus, resulting in the valves
to pull down during systole.

According to our observations, the greater the extent
of the chordae tendineae fusion, the more severe the valvu-
lar regurgitation. EMF was not difficult to diagnose if these
characteristics were recognized through RE. However, a di-
agnosis was not possible in five of the cases. There are sev-
eral reasons why this could have happened. The EMF le-
sions are located at the apex of the heart which constitutes
the nearfield of the echocardiography; it is usually diffi-
cult to clearly delineate ventricular apex structural abnor-
malities in RE, particularly when the operator is an inex-
perienced physician. When Apical calcification is severe,
there is significant sound attenuation that prevents the basal
chambers from being clearly displayed. Hence, excessive
basal ventricular motion and heart chamber deformation
cannot be observed. In addition, the echoes of TFE and
thrombus in the apical region are not so different from those
of myocardial tissue for early-stage EMF patients. These

results tend to be overlooked or patients who are diagnosed
with apical hypertrophic cardiomyopathy (APHCM).

Eleven patients underwent the CEE examination, and
VO clearly showed the morphology, size, and unique
“mushroom sign” of the ventricles. In the MCE, the TFE
perfusion might differ from normal myocardium due to
the following reasons: (1) EMF lesions can affect all lay-
ers of the myocardium, but chronic inflammatory infiltra-
tion, fibrotic changes, and neovascularization mainly occur
in a thickened endomyocardium [3,24]. The composition
and route of neovascularization were different from those
of normal myocardial vessels, and this resulted in delayed
blood perfusion of the endomyocardium compared with the
normal myocardium. (2) The main coronary artery supply-
ing blood to the myocardium from the outside is located on
the surface of the heart. When the blood perfusion rate of
endomyocardium is slow, a gradual perfusion enhancement
from outside to inside can be observed in the MCE. The
MCE showed the TFE location and extent, and it was simi-
lar to the CMR. In addition, as there was chronic inflamma-
tion in the endocardium, the surface was uneven, resulting
in mural thrombus easily. There was no blood supply to
the thrombus, so the uncalcified thrombus appeared dark
in the plateau phase of the MCE. Because it was located at
the edge of the apical occlusions, next to the heart cavity,
it was poorly demarcated from the heart cavity filled with
contrast medium. Hence, the MCE was far less sensitive
to calcification than the RE. However, the combination of
both images allowed for an easy thrombus range determina-
tion. We found that there were uncalcified thrombi below
the calcified area, when calcification existed in 11 patients
with EMF. The number and location of thrombus demon-
strated by the MCE combined with the RE were consistent
with the CMR.

The CEE can help to differentiate EMF from the fol-
lowing diseases: (1) APHCM: Bi-EMF and LV-EMF tend
to be misdiagnosed as APHCM. APHCM cardiac imag-
ing presents as a decreased apical chamber size, a “spade-
shaped” heart chamber during diastole (Fig. 4C), apical
ventricular aneurysm in some patients, and uniform my-
ocardial perfusion. (2) Coronary heart disease with api-
cal thrombus: EMF patients have normal apical myocar-
dial pulsation, as the apical thrombus is fixed, it tends to
be mistaken for an apical abnormal segmental wall motion
in RE. CEE can easily show that the ventricular wall mo-
tion amplitude is not decreased, myocardial perfusion is
normal, and there is no reduction or loss of perfusion in
EMF patients to facilitate differentiation between EMF and
coronary heart disease with apical thrombus. (3) Ebstein
anomaly: a study [20] reported the misdiagnosis of EMF
as an Ebstein anomaly. The patient underwent tricuspid
valve replacement surgery, but their symptoms did not im-
prove after surgery. Due to an insufficient understanding
of EMF, the right ventricle shrinkage and the downward
valve traction during systole were misdiagnosed as an Eb-
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stein anomaly (Video 4). In Ebstein anomaly patients, the
anterior leaflet of the tricuspid valve is long and shaped like
a sail; the septal and posterior leaflet attachment sites are
displaced downward; and the right ventricle is small but the
apical occlusion is absent. (4) Right ventricular cardiomy-
opathy: this is a chronic cardiomyopathy that is limited to
the right ventricular myocardium and is typically accompa-
nied by a ventricular aneurysm. In EMF, there is excessive
basal ventricular wall motion and outward bulging during
diastole that tends to be mistaken for ventricular aneurysm.
CEE can more clearly show the characteristics of right ven-
tricle enlargement, wall thinning and diffuse hypokinesia in
right ventricular cardiomyopathy.

In RV-EMF, compared to other EMF subtypes in this
study [7], the extent of occlusion was broader; the apical
thrombus calcification was more likely; significant atrial
enlargement was present; and tricuspid regurgitation was
more severe. This may be explained by the fact that right
heart failure symptoms appeared later than left heart failure
and that the apex of the RV was more difficult to clearly
visualize than the apex of the LV, which resulted in diagno-
sis at an advanced stage. Therefore, CEE can be performed
for prompt diagnosis when only right atrial enlargement is
present and cannot be explained by other diseases.

Surgical intervention is the recommended treatment
for patients with signs of severe ventricular restriction and
NYHA functional classes III and IV [25,26]. The MCE
can display anatomical details, such as the area of the TFE
and thrombus. This can help in formulating preoperative
surgery and postoperative follow-up plans. When calcifi-
cation is absent in apical thrombus, the thrombus may fall
off and embolize other organs. Hence, thrombolytic ther-
apy might be required. It is difficult to distinguish TFE and
thrombus using RE. MCE can determine whether there is a
thrombus and evaluate the therapeutic effects.

Limitations of this study include the following: (1)
This is a retrospective single-center study, which may in-
crease the bias of the results. (2) The incidence of EMF
in China is low. Hence, we searched case data from the
past ten years, and the number of patients who could be in-
cluded in the study was relatively small and even smaller
after grouping. This reduced the statistical power.

Conclusions

By studying the routine echocardiograms of several
EMF patients, it was found that EMF has characteristic
routine echocardiography results, and the different EMF
subtypes have unique routine echocardiography character-
istics. Furthermore, CEE is excellent for displaying heart
structure, ventricular wall motion, and tissue perfusion. A
combination of routine echocardiography and CEE can de-
crease misdiagnosis, thereby allowing early treatment for
EMF patients.
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