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Objective To describe the prenatal diagnosis and outcome of fetal cardiomyopathy (CM).

Methods The charts, photographs and videotapes of all fetuses with CM, who were assessed during pregnancy
at two referral centers, were reviewed.

Results The diagnosis of CM was established in 12 fetuses. All had structurally normal hearts, and all cases
were diagnosed after 23 weeks of gestation, following normal early fetal echocardiogram. Three clusters of
fetal CM appeared:

• Familial—two sib fetuses of a mother, who is a second generation of CM. Both had dilated CM and
pathological findings were consistent with the diagnosis of endocardial fibroelastosis.

• Secondary—CM that was induced by another factor.
• Idiopathic—six cases of CM without an underlying specific etiology

Three women elected to terminate their pregnancy. Among the nine who delivered, four had a favorable
outcome with normal cardiac function at the age of 1 month, in which three belonged to the secondary
category, and five cases were complicated by fetal/infant death.

Conclusions CM may develop during fetal life and might be diagnosed by prenatal echocardiography. Normal
cardiac findings in a midtrimester fetus do not exclude subsequent development of CM. Detailed prenatal
sonographic examination may aid in determining the neonatal outcome. Copyright ! 2007 John Wiley &
Sons, Ltd.
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INTRODUCTION

Fetal cardiomyopathy (CM) is an infrequent occurrence
and accounts for a small proportion of cardiac abnor-
malities observed during fetal life (Allan et al., 1994).

Most cardiomyopathies recognized in utero are of the
dilated type with dilated, poorly contractile left ventri-
cles. Dilated CM may be the end result of a number
of different disease processes including viral infections,
metabolic disease, fetal anemia and fetal tachycardias
(Guirgis et al., 1996). The term hypertrophic CM is used
to describe fetuses in which the left and/or right ventri-
cle is abnormally hypertrophied without there being a
structural cardiac abnormality, sufficient to explain such
hypertrophy (Simpson, 2003). Restrictive CM is a dis-
ease of diastolic dysfunction characterized by elevated
ventricular filling pressure with relative preservation of
systolic function (Shabetai, 1988). Restrictive CM is the
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less frequent form of myocardial disease in the fetus, and
prenatal diagnosis of this entity is much more difficult.

The prognosis of fetal CM is poor but is determined
by the underlying etiology. Therefore, it is of paramount
importance to establish a prenatal diagnosis of fetal CM
and try to understand the underlying disease process
(Schmidt et al., 1989). Fetal echocardiography is a well-
established tool for the prenatal diagnosis of heart
disease. Previous reports have shown its applicability
in the assessment of systolic dysfunction of fetuses with
primary myocardial disease (Schmidt et al., 1989; Pedra
et al., 2002). However, data regarding prenatal diagnosis
and outcome of fetal CM is limited.

In this study we reviewed 12 cases, in which a
diagnosis of fetal CM was established prenatally, and
aimed to identify predictors of outcome of fetal CM.

METHODS

During a 4-year period (2002–2005), 2850 women
underwent fetal echocardiography at two ultrasound
units that serve as referral centers in Israel (the Chaim
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Sheba Medical Center and Hadassah Medical Center).
Patients were referred because of a family history of
congenital heart defects or because of abnormal findings
on obstetric ultrasonography.

Two-dimensional imaging of the fetal heart was
performed from five short-axis views as we previously
described (Yagel et al., 2001). Ultrasonography was
performed by three examiners (S.Y, J.H, R.A) with an
abdominal 4–8 MHz transducer (GE Logic 9, Voluson
Expert Zipf). Ventricular diameters and thickness was
obtained from the parasternal long-axis view using an
M-mode of the ventricles. Left ventricular enlargement
was defined as left ventricular end diastolic dimensions
more than two standard deviations above the mean
for gestational age. Systolic function was evaluated
by calculating the shortening fraction, and systolic
dysfunction was diagnosed when shortening fraction was
!28% (De Vore et al., 1984). Preload index, which is the
reverse flow measured at the inferior vena cava during
atrial contraction divided by initial forward flow during
systole was also measured (Kanzaki and Chiba, 1990).

Dilated CM was diagnosed when there was ventric-
ular enlargement (Figure 1) above the 97.5 percentile
(Shapiro et al., 1998) without increased wall thick-
ness. The diagnosis of hyperthrophic CM was based
on findings of ventricular wall thickness above the
97.5 percentile compared with previously published nor-
mal data (Tan et al., 1992), and the diagnosis of restric-
tive CM was based on findings of enlarged atria with
abnormal diastolic function represented by abnormal
Doppler flow on the atrioventricular valves and in the
systemic veins. In all cases, an anatomical defect was
excluded. Fetal hydrops was diagnosed when at least two
sites of fluid collections were identified. Following the
diagnosis of CM all patients underwent an evaluation,
which included screening for possible etiologies such
as infections (parvovirus, coxsackie and toxoplasmosis),
fetal anemia, diabetes mellitus and fetal arrhythmias.
All studies were recorded in a computerized database
and on videotape for later playback and analysis. The
charts, photographs and videotapes of all fetuses with
CM were reviewed. Data regarding neonatal outcome
was collected from the neonates’ medical records. In
pregnancies that were terminated, a postmortem exami-
nation of the aborted fetus was performed, including a
histopathological examination of the cardiac tissue.

RESULTS

The diagnosis of CM was established in 12 fetuses.
The mean maternal age and parity were 30.5 (range
23–37) and 1.5 (range 0–6) respectively. In all cases,
the diagnosis was established after 23 weeks of gestation
(range 23–35), and in all patients structural heart anoma-
lies (such as aortic stenosis and ductal constriction) and
extracardiac anomalies were excluded, and cytogenetic
analysis revealed a normal karyotype. All cases had a
previous ultrasound examination by certified sonogra-
phers with no evidence of CM. From clinical point of
view three clusters of fetal CM appeared: familial, sec-
ondary and idiopathic (Table 1).

Figure 1—Four-chamber view in a case of dilated CM (case 8). Note
the enlarged ventricles (LV, left ventricle; RV, right ventricle)

Cases 1 and 2 are two sib fetuses of a mother, who is
a second generation of CM, and represent the familial-
type CM. The mother has endocardial fibroelastosis with
good cardiac function, and her father suffers from right
ventricular dysplasia.

In case 1, fetal echocardiographic examination at
29 weeks of gestation revealed dilatation of the left ven-
tricle (LV), poor contractility, secondary mitral regurgi-
tation with decreased LV function without outlet obstruc-
tion. Following delivery by cesarean section at 38 weeks
of gestation, the neonate was intubated because of a
clinical heart failure, and died after 23 days owing to
intractable heart failure with secondary multiorgan fail-
ure and disseminated intravascular coagulopathy (DIC).
Pathologic examination confirmed the diagnosis of endo-
cardial fibroelastosis.

Case 2 was the second pregnancy of the same woman.
At 22 weeks of gestation, ultrasound scan including fetal
echo showed no abnormal findings. Repeat examination
at 27 weeks of gestation showed cardiomegaly with
significant dilatation of the right ventricle with tricuspid
and pulmonic regurgitation.

Owing to the woman’s request and after approval of
the institutional committee, termination of pregnancy
was performed at 28 weeks of gestation. Pathological
findings of the female fetus were consistent with the
diagnosis of endocardial fibroelastosis (Figure 2).

Four cases were classified as secondary CM in which
two showed dilated and two showed hypertrophic CM.
In all four, significant tricuspid regurgitation (TR) and
mitral regurgitation (MR) were present.

Case 3 had CM with signs of hydrops induced by
supraventricular tachycardia (SVT), which was diag-
nosed at 32 weeks of gestation. Biphasic Doppler wave
flows in the hepatic veins and ductus venosus estab-
lished the diagnosis of CM (Gembruch et al., 1993). The
patient was treated with Flecanaide with good response.
In case 4, the CM was associated with monochorionic-
monoamniotic twin gestation. The other two secondary
cases had sonographic findings suggesting hypertrophic
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Table 1—Clinical data of fetuses with CM

Case Category

Gestational
age at

diagnosis
US

findings
Type of
CM Outcome

Pathology/
etiology

1 Familial 29 LV dilatation secondary MR Dilated Neonatal death Endocardial
fibroelastosis

2 Familial 27 Cardiomegaly with TR + PR Dilated TOP at 28 weeks Endocardial
fibroelastosis

3 Secondary 32 SVT, hydrops, enlarged atria Dilated Normal cardiac
function

SVT

4a Secondary 27 RV dysfunction, PR, TR,
polyhydramnios, ascites

Dilated Normal cardiac
function

5 Secondary 26 Biventricular hypertrophy, TR,
MR, ascites, elevated PSV in
MCA

Hypertrophic Normal cardiac
function

Parvovirus B19
infection

6 Secondary 27 Biventricular hypertrophy, TR,
MR, pericardial effusion,
sacrococygeal teratoma

Hypertrophic IUFD at 28 weeks Sacrococygeal
teratoma

7 Idiopathic 23 Hypertrophy of ventricles,
enlarged atria

Restrictive TOP at 28 weeks No specific
findings

8b Idiopathic 28 Enlarged ventricles, TR Dilated Selective
termination at
32 weeks

No specific
findings

9 Idiopathic 34 Enlarged ventricles, TR, right
aortic arch

Dilated Neonatal death at
28 days

Pathologic
examination—not
performed

10 Idiopathic 35 Enlarged ventricles, TR Dilated Infant death at
6 months

Pathologic
examination—not
performed

11 Idiopathic 25 Biventricular hypertrophy,
oligohydramnios

Hypertrophic IUFD at 29 weeks No specific
findings

12 Idiopathic 35 Right ventricular hypertrophy,
mild TR, IUGR

Hypertrophic Normal cardiac
function

LV, left ventricle; RV, right ventricle; MR, mitral regurgitation; TR, tricuspid regurgitation; PR, pulmonic regurgitation; TOP, termination of
pregnancy; SVT, supraventricular tachycardia; PSV, peak systolic velocity; MCA, middle cerebral artery; IUFD, intrauterine fetal death.
a Monochorionic–monoamniotic twins pregnancy.
b Dichorionic–diamniotic twins pregnancy.

Figure 2—Histopathology specimen of case 2 demonstrating thick-
ened endocard and subendocadial firbrosis compatible with endocar-
dial fibroelastosis

CM (cases 5, 6): In case 5, CM was secondary to par-
vovirus B19 infection in a fetus, who also had anemia
with hemoglobin levels of 5 mg/dL and received two
intrauterine blood transfusions. Case 6 developed CM
secondary to sacrococcygeal teratoma.

In all these four cases, ultrasound examination of the
fetal heart at 22 weeks of pregnancy was normal, and the
sonographic features of CM appeared at 26–32 weeks
of gestation.

Three of these four cases had a favorable outcome
with normal cardiac function at the age of 1 month
(cases 3–5), while the fetus with CM due to sacrococ-
cygeal teratoma died in utero at 28 weeks of pregnancy.
The neonate with SVT (case 3) underwent a number of
electrical cardioversions, and at the age of 18 days the
heart rate returned to normal sinus rhythm with reso-
lution of the heart failure. In case 4, the twins were
delivered at 28 weeks of gestation owing to sonographic
findings indicating deterioration of the cardiac function
of the sick twin. Echocardiogram performed one day
after delivery showed moderately decreased function of
the right ventricle, but two days later a normal right ven-
tricular function was demonstrated, and the neonate was
discharged with good cardiac function. The neonate with
CM secondary to parvovirus B19 had resolution of the
heart failure by the age of 3 weeks.

Cases 7–12 (Table 1) represent the idiopathic type
of CM, in which three had sonographic features of
dilated CM (cases 8–10, Figure 1), two had evidence
of hypertrophic CM without maternal diabetes (cases
11, 12), and one had sonographic findings indicating
restrictive CM (case 7) including hypertrophy of both
ventricles and enlargement of both atria (Figure 3).
Doppler studies of the tricuspid blood flow in this fetus
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indicated high ventricular pressure, and venous blood
flow in the inferior vena cava was abnormal with high
preload index (Figure 4). These findings were consistent
with abnormal diastolic function, which is the hallmark
of restrictive CM.

Two of these patients elected to terminate the preg-
nancy, but no specific findings were demonstrated on
histopathological examination (one of these cases was
a dichorionic-diamniotic twins pregnancy, in which one
of the twins had CM and the other was normal, and
the woman underwent selective termination of the sick
twin). Three of the other four pregnancies had a poor
outcome, in which one was complicated by intrauterine
fetal death (IUFD) at 29 weeks of gestation (case 11),
and two were carried to term, but their postnatal course
was characterized by severe heart failure and death at the
ages of 1 and 6 months respectively (cases 9,10). Only
one of the six idiopathic cases had a good outcome with

Figure 3—Four-chamber view of the restricted CM (case 7). Note the
enlarged left atria (a) and the thickened ventricular wall (arrow)

spontaneous resolution of the hypertrophic CM during
the neonatal period and normal cardiac function at the
age of 4 (case 12).

DISCUSSION

We have shown that the diagnosis of CM can be estab-
lished and, subsequently, confirmed in 12 fetuses studied
by echocardiography. All 12 had structurally normal
hearts and normal karyotypes, and only one fetus was
hydropic. Three of these patients underwent termination
of pregnancy and among the rest of the nine fetuses,
who had a prenatal diagnosis of CM, five had a poor
outcome with fetal/infant death and four had a favorable
outcome. A clinical classification into three groups was
established according to the suggested etiology: familial,
secondary and idiopathic. This classification might help
in determining the prognosis. In our series, three of the
four cases that belonged to the secondary category had
a favorable outcome, while three of the four idiopathic
cases (not including those who were terminated) had a
poor outcome. Three women elected to terminate their
pregnancy, so information about the natural history of
their offspring’s CM is lacking.

Our study demonstrates that CM may develop during
fetal life. However, prenatal counseling in these cases
is very difficult, owing to the fact that fetal CM is a
diverse entity, and our knowledge about its prognosis is
limited. Schmidt et al. described six fetuses in which a
diagnosis of dilated CM was established. The overall
prognosis in their patients was poor: four out of six
died and one required a heart transplant for survival
(Schmidt et al., 1989). A recent report on familial cases
of CM described four fetuses with dilated CM, who
were diagnosed prenatally, of which one recovered, two
died in utero and one died soon after birth (Pedra et al.,
2005).

(a) (b)

Figure 4—Doppler studies demonstrating abnormal diastolic function in a case with restricted CM (case 7) (a) disappearance of E wave on the
mitral valve showing single atrial wave instead of normal E/A flow, (b) biphasic flow in the hepatic vein instead of normal three phasic flow
wave
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It seems from our series that the type of CM could
not necessarily predict the outcome as the cases with
poor outcome had either dilated or hypertrophic CM.
Therefore, our categorical classification might be more
useful regarding prediction of outcome.

Pedra et al. identified systolic dysfunction, diastolic
dysfunction and significant atrioventricular valve regur-
gitation as risk factors for mortality in cases of fetal
CM. Moreover, they showed that diastolic dysfunction
had an eight-fold higher risk of mortality compared with
other parameters, such as hydrops fetalis and systolic
dysfunction (Pedra et al., 2002).

The different reports about the natural history and
prognosis of CM might be related to the different forms
of the disease, and the fact that it is a diverse entity.
Two of our patients in the familial group were diagnosed
as having endocardial fibroelastosis. Previous studies
showed that among patients with dilated CM associated
with endocardial fibroelastosis 50–60% were cured or
improved, 20% had remained stable for many years with
chronic congestive CM and 20% died (Manning et al.,
1964; Griffin et al., 1988). Endocardial fibroelastosis has
been described in association with maternal anti-Ro and
anti-La antibodies and congenital heart block with a very
high mortality rate (Nield et al., 2002). Immunosuppres-
sive therapy might be indicated in cases of autoanti-
body induced endocardial fibroelastosis, and therefore,
cases of endocardial fibroelastosis should be screened
for the presence of anti-Ro and anti-La antibodies (Nield
et al., 2002). Hypertrophic CM was mostly described in
fetuses of diabetic mothers, in which echocardiography
demonstrated abnormal septal hypertrophy, and spon-
taneous regression of the myocardial hypertrophy was
demonstrated 1–6 months after birth (Gutgesell et al.,
1980; Zielinsky, 1991). However, none of our cases
were related to maternal diabetes, and the hypertrophy
involved the ventricles and not the septum.

Idiopathic restrictive cardiomyopathy (IRC) is a rare
entity and to our knowledge has not been previously
reported in fetal live. It is defined as a disease of dias-
tolic dysfunction characterized by elevated ventricular
filling pressures with relative preservation of systolic
function (Keren and Popp, 1992). Most children with
the disease have been reported to have a poor prognosis
characterized by rapid deterioration and a high mortality
rate (Lewis, 1992; Weller et al., 2002).

The diagnosis of CM in all patients in this study
was established after 23 weeks of gestation, following a
normal early fetal echocardiogram. This observation is
supported by another study, in which two fetuses had no
echocardiographic abnormalities on a first examination,
performed at 20 weeks of gestation, but developed
some abnormality later in pregnancy indicating CM
(Schmidt et al., 1989). Similarly, in a recent study,
evaluating the role of fetal echocardiography in familial
cases, four cases of fetal dilated CM were identified
between 23 and 32 weeks of gestation following a
normal echocardiogram at 18 weeks of gestation (Pedra
et al., 2005). Therefore, although fetal echo is useful
for early diagnosis, a normal study does not preclude
ventricular dysfunction at a later stage. In order to
overcome this obstacle and because of the possibility of

the late development of CM in utero, we suggest that in
patients at risk for CM (family history, parvovirus B19
infection, etc.) serial studies will be performed despite
a normal early echocardiogram.

In summary, CM may develop during fetal life and
might be diagnosed by echocardiography prenatally.
Although it is difficult to determine the prognosis, once
the diagnosis has been established, prenatal sonographic
findings may help in defining the underlying disease
process, which is a significant determinant of the neona-
tal outcome. Fetal CM that is secondary to another
factor appears to have a better prognosis than idio-
pathic/familial cases. Therefore, it is essential to define
fetal echocardiographic prognostic features, which will
improve the prenatal evaluation of the disease and our
ability to counsel the patients.
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