
Cardiac Function Assessment in Patients with Family History of Nonhypertrophic
Cardiomyopathy: A Prenatal and Postnatal Study

S.R.F.F. Pedra, L.K. Hornberger, S.M. Leal, G.P. Taylor, J.F. Smallhorn
Division of Cardiology and the Department of Pediatric Laboratory Medicine, The Hospital for Sick Children, University
of Toronto, 555 University Avenue, Toronto, Ontario, M5G 1X8, Canada

Abstract. Nonobstructive cardiomyopathies (CMs)
may be familial in 20–55% of cases. Little is known
about the role of fetal echocardiography in such
cases. We evaluated the cardiac function serially pre-
and postnatally in cases with a family history of
nonobstructive CM. The fetal and postnatal studies
were performed in the echocardiogarphy laboratory
at a tertiary institution. Twenty-six cases from 16
families with a family history of CM were studied.
Three fetal echocardiograms were performed at or
near 18, 25, and 32 weeks of gestation for complete
cardiac functional assessment. Postnatally clinical
evaluation, electrocardiogram, and an echocardio-
gram were performed within the first 3 months, with
serial reevaluation for those identified with CM. The
mean follow-up was 46 ± 9 months. Abnormal car-
diac function was observed in 8 cases (30%). Six had a
previously a!ected sibling, 1 had other family mem-
bers a!ected, and 1 had both antecedents. Four had
dilated CM diagnosed prenatally of which 1 recov-
ered, 2 died in utero, and 1 died soon after birth. The
remaining 4 had normal fetal echoes and were diag-
nosed with CM in the first 3 months of life. Three had
dilated CM with recovery, and 1 had restrictive CM
requiring cardiac transplantation. This study dem-
onstrates a high familial recurrence rate of CM. Fetal
echo is useful for early diagnosis, although a normal
study does not preclude ventricular dysfunction at a
later stage, justifying serial prenatal and postnatal
evaluation. Early identification may expedite listing
for transplantation.
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Cardiomyopathies (CMs) may result from a variety
of underlying conditions, such as inborn errors of

metabolism, neuromuscular disorders, severe outflow
tract obstruction, high cardiac output states, and
ischemic and infectious diseases. However, the
majority of cases have unknown etiologies [28].
Nevertheless, high rates of familial recurrence have
been reported for all types of CMs, including
hypertrophic, restrictive, and dilated forms [2, 3, 11,
17, 19, 22]. Familial CM should be considered when
no specific etiology is identified during the diagnostic
evaluation [28]. Screening of the first-degree relatives
of the index case is therefore important in this setting.

Fetal echocardiography is a well-established tool
for the prenatal diagnosis of heart disease. It is useful
not only in the evaluation of the cardiac structure but
also for assessment of the fetal rhythm and cardiac
function, including the evaluation of fetal CM. Early
reports have shown its applicability in the assessment
of systolic dysfunction of fetuses with primary myo-
cardial disease [25, 26, 32]. However, there is a pau-
city of information about the value of fetal
echocardiography in the detection of intrauterine
ventricular dysfunction in patients with a family
history of CM.

We prospectively evaluated the cardiac function
in cases with a positive family history of CM before
and after birth to determine the utility of fetal echo-
cardiography in screening at-risk pregnancies for
intrauterine myocardial dysfunction.

Methods

Study Population

Twenty-six pregnancies among 16 families were prospectively
studied at The Hospital for Sick Children (HSC), Toronto,
Canada, between July 1984 and January 1999. Due to the early era
of the study routine ethics approval was not necessary. The indi-
cations for fetal echocardiogram were a familial history of a dilated
or restrictive CM, excluding those cases with hypertrophic CM.
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The prenatal protocol consisted of three fetal echocardiograms
performed at or near 18, 24, and 32 weeks of gestation. After birth,
serial clinical and echocardiographic assessments were performed
according to the underlying clinical status. All cases were evaluated
at least once within the first 3 months of life.

Procedure

Fetal echocardiograms were carried out using a variety of Ad-
vanced Technical Laboratories (ATL; Bothell, WA, USA) systems,
whereas for postnatal studies an ATL Ultramark 9, HDI 5000, or
the Hewlett Packard (Andover, MA, USA) Sonos 2500 or 5500
machines were used. The systems were interfaced with linear or
curved-array transducers with variable frequencies of 3.5–7 MHz
for fetal studies and 3.5–8 MHz phased-array transducers for
postnatal echocardiograms. All studies were recorded on videotape
and were reviewed and analyzed o!-line.

Standard views were employed for fetal echocardiograms.
Ventricular diameters (left and right ventricular end diastolic
diameter), wall thickness (posterior wall, right anterior wall, and
interventricular septal diastolic thickness), and systolic function
[right and left ventricular shortening fraction (SF)] were obtained.
The measurements were indexed to normal values according to Tan
et al. [31] for wall thickness and Hornberger et al. [16] for ven-
tricular diameters. In 12 patients, diastolic function was assessed by
Doppler echocardiography of the inferior vena cava or hepatic
vein, mitral and tricuspid inflows, and umbilical vein flow. In
neonates and children, a complete evaluation of the heart from all
standard views was performed. An M-mode of the ventricles, with
measurements of ventricular diameters and thickness, was obtained
from the parasternal long-axis view. Ejection fraction (EF) and SF
were calculated, as well as velocity of circumferencial shortening
corrected for heart rate (Vcfc). In 17 cases, the end systolic wall
stress (WS) and the Vcfc: WS ratio were assessed at least once.
Nineteen cases had diastolic evaluation with calculation of E:A
ratio from mitral valve inflow, deceleration time, isovolumic
relaxation time, and pulmonary vein flow Doppler patterns. Nor-
mal values were considered those described by O’Leary et al. [24].

The diagnosis of dilated CM was made according to the fol-
lowing echocardiographic criteria: exclusion of an anatomical de-
fect, left ventricular dilatation with a left ventricular end diastolic
dimension (LVEDD) more than 2 standard deviations (SD) of the
mean diameter for age [21], and decreased EF and SF below 2 SD
of the mean value [13]. Normal values for fetal SF were based on
the study by DeVore et al. [6].

Conventional 12-lead electrocardiogram was recorded in all
live births during postnatal follow-up. One of the earlier patients
underwent a transeptal left ventricular endomyocardial biopsy.
Cardiac pathologic examinations were performed on postmortem
specimens from three cases (two fetuses and one neonate) and in
one specimen from a patient submitted to cardiac transplantation.

All survivors had a recent study, with 17 having more than
one postnatal evaluation. The follow-up ranged from 2 days to 14
years, with a mean of 46 ± 9 months (median, 30 months).

Results

Table 1 outlines the pedigrees of all the cases involved
in the study, including autopsy data where available.
Twenty-three cases had a family history of a previous
member who had a nonspecific dilated CM with some

associated endocardial fibroelastosis (EFE). There
were 2 cases with a family history of Barth syndrome,
which is neutropenia and associated CM, and 1 case
had a previous sibling who died from a CM associ-
ated with primarily restrictive physiology.

Eight cases were identified as having mild to se-
vere cardiac functional abnormalities, which corre-
sponded to a familial recurrence rate of 30%. All
other 18 patients had normal clinical findings, elec-
trocardiogram (ECG), and both prenatal and post-
natal echocardiograms (Table 1). Among the cases
with functional abnormalities, 6 had a previously
a!ected sibling who had died of CM, 1 had a strong
family history of CM, and 1 had both antecedents
(Table 1).

Prenatal Presentation

Four cases of dilated CM were identified during fetal
life, none associated with systemic dysmorphic fea-
tures (Table 2). One (case 2) had an increased
LVEDD with mildly reduced SF noted on a fetal
echocardiogram at 32 weeks of gestation. Previous
studies performed at 18 and 24 weeks were normal.
Signs of left ventricular dysfunction persisted during
the first 3 years of life, which was treated with anti-
congestive therapy, with subsequent spontaneous
improvement. Bright and hyperechogenic left ven-
tricular endocardium was noted on the first postnatal
echocardiogram. Figure 1 displays his eletrocardio-
graphic findings on the first day of life and at 3 years
of age. The other three cases of fetal dilated CM were
identified between 23 and 32 weeks of gestation with
severe and progressive biventricular dysfunction.
Two had a previous normal study performed at 18
weeks. In addition to low right and left SF in all, a
single atrial wave during ventricular filling, increased
‘‘a’’ wave reversal in the inferior vena cava, and
hepatic vein flow and umbilical venous pulsations
characterized diastolic dysfunction in two cases (cases
25 and 26). Both culminated with fetal demise on the
25th and 29th week of gestation, respectively. The
remaining patient was born prematurely at 32 weeks
of gestation and died soon after birth with significant
hydrops and ventricular dysfunction. Autopsy find-
ings were consistent with idiopathic dilated CM in all
(two with moderate EFE).

Postnatal presentation

The other four a!ected cases were identified after
birth. Two (cases 1 and 23) were evaluated during the
neonatal period, having a mildly dilated left ventricle
and mildly reduced SF and EF (Table 2). The cardiac
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function and LVEDD normalized spontaneously at
30 and 11 months of age, respectively. Case 1 was
mildly symptomatic, requiring anticongestive ther-
apy. A transeptal left ventricular endomyocardial
biopsy performed at 2 months of age demonstrated
EFE on all the biopsy specimens (Fig. 2). A diag-
nostic workup for a metabolic disease was negative.
Case 23 was asymptomatic, with the abnormalities
being detected as part of the study protocol. Of note,
both cases had abnormal nonspecific S–T and T wave
changes on ECG.

Case 10 had Barth syndrome, which was diag-
nosed after he was evaluated for persistent neutro-

penia associated with mild heart failure secondary to
a dilated CM. He was first evaluated postnatally at 2
months of age. There were two more a!ected males
on the maternal side of the family (Table 1). A first-
degree cousin was also followed at the HSC because
of Barth syndrome (he also had dilated CM with EFE
that was biopsy proven).

Case 14 was called for routine evaluation at
3 months of age. At that time, she was asymptomatic
and her clinical examination was unremarkable.
However, on echocardiogram, a dilated left atrium
with a prominent ‘‘a’’ wave reversal on pulmonary
vein Doppler, a short deceleration and isovolumic
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relaxation time consistent with a left ventricular
compliance abnormality were identified (Fig. 3).
Extensive diagnostic workup for metabolic disorders
and inborn errors of metabolism was negative. Her
brother died at 13 months of age of intractable con-
gestive heart failure, with an autopsy demonstrating
findings consistent with idiopathic restrictive CM,
including dilated atria and EFE, with very mild
ventricular hypertrophy. Neither she nor her brother
had any dysmorphic features of muscular or neuro-
logical abnormalities. The family was counseled
regarding the possibility of cardiac transplantation in
case of significant progression of the disease. A few
months later, she became severely symptomatic with
remarkable signs of pulmonary congestion. This was
associated with severe left atrial enlargement and
ST segment abnormalities on ECG. The echocar-
diogram demonstrated progression of the left ven-
tricular diastolic dysfunction, with massive left atrial

dilatation and a high mean pulmonary artery pres-
sure (30 mmHg), all associated with normal systolic
function. After rapid deterioration of the clinical
status requiring 12 days on ECMO, she underwent a
successful cardiac transplantation at the age of
8 months. Pathological findings of the original heart
were consistent with idiopathic restrictive CM and
mild EFE.

Discussion

Familial CM is a well-recognized entity, with recur-
rence rates varying from 20 to 55% depending on the
form of the disease [2, 11, 19, 22, 28]. The hypertro-
phic form has been classically implicated as a genetic
disorder. However, recent studies reporting postnatal
screening on a large number of relatives of index
cases suggest that up to 35% of adults with idiopathic
dilated CM also have an inherited disorder [11].

TABLE 1. Continued.
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Because these studies were mainly performed based
on adult index cases, stillbirths or deaths in early
infancy resulting from CM may not have been taken
into consideration. In our series, we found a 26%
(6/23) familial recurrence rate for isolated dilated CM
manifested early in life (excluding one patient with
Barth syndrome and one with restrictive CM).

Early evaluation of the cardiac function in fetal
life, followed by serial postnatal reassessment in pa-
tients with a family history of CM, has not been
previously reported, which makes this study unique.
It is also possible that some of our cases who are
currently normal may show signs of the disease dur-
ing adulthood, which would further increase the
overall recurrence rate of CM in this study. Since half
of the patients were identified prenatally, we believe
that fetal echocardiography played a key role in
obtaining an improved understanding of the natural
history of the disease. Furthermore, in some cases it
proved to be useful for early diagnosis, thus facili-
tating parental counseling and management of in-
fants with CM.

Etiology of Cardiomyopathies

Familial CM may be caused by multiple genes,
resulting in di!erent patterns of transmission [28]. In
one of our cases, the typical X-linked recessive
inheritance described for Barth syndrome was iden-
tified, with two other a!ected males in the same
family. However, in the other seven cases, the pattern
of inheritance was not clearly elucidated because the
clinical and echocardiographic status of the older
relatives was unknown. In all cases, the parents were
normal and at least two o!spring were a!ected.
Complete investigation for inborn errors of metabo-
lism was performed in four of our cases, with a
negative result. The other three cases (excluding the
one with Barth syndrome) had no dysmorphic fea-
tures or other clinical manifestation that suggested
metabolic disorder. Furthermore, autopsies of their
previously a!ected siblings had no specific findings.
that suggested any of these diseases. Therefore, all
seven cases were included in the group of isolated
familial CM.
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Fig. 1. Electrocardiographic tracings of case 2 showing ST and T wave changes on day 1of life.
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Many studies support hereditary factors for
familial recurrence of EFE in dilated CM [4, 14, 33].
On the other hand, recent evidence suggests that EFE
is not a primary disease, being more likely a pattern
of response of the immature heart to endomyocardial
injury [1, 8, 18].

In a recent study from our center, fetal or
infantile dilated CM was observed in infants of wo-
men with autoantibodies Ro and/or La. The majority
of cases in this series had complete heart block;
however, two cases had a dilated cardiomyopathy
without a disturbance of rhythm [23]. One might
speculate that some cases of dilated CM once thought
to be familial are in fact related to maternal antibody
injury of the fetal heart. After this observation,
screening for anti-Ro and anti-La in the maternal
blood has become part of our routine assessment of
families with previously a!ected o!spring with di-
lated CM. This screening has also been used in the
assessment of infants who present at less than 1 year
of age with idiopathic dilated CM or myocarditis. To
illustrate this change in policy, the mother of case 13
recently returned for another series of fetal echocar-
diograms during a new pregnancy (not included in
this report), and anti-Ro antibodies were identified in
maternal blood. The test was also performed for case
15 with negative result.

Fetal Cardiac Function Assessment

Fetal echocardiography allows noninvasive investi-
gation of the functional status of the human heart.
Systolic and diastolic function parameters should be
assessed for right and left ventricles since both work

as systemic chambers in the setting of the fetal cir-
culation [7]. Increased end diastolic ventricular
diameters are frequently but not always associated
with fetal dilated CM [26]. Shortening fraction
reflects the systolic performance [6], whereas stroke
volume and cardiac output may also be useful to
exclude high-output failure [27]. Doppler evaluation
of ventricular inflows along with central venous flow
investigation have become part of routine fetal dia-
stolic function assessment [15]. A predominant or
single atrial wave during ventricular filling in mitral
or tricuspid valve inflow indicates a noncompliant
myocardium and was noted in the last two fetal cases
of this series [7]. An increased ‘‘a’’ wave reversal
velocity in the inferior vena cava and hepatic veins as
well as pulsatile umbilical vein flow may indicate
abnormal filling of the heart, abnormalities that are
usually seen in incipient or ongoing congestive heart
failure [12]. In this series, only the most recent cases
had complete diastolic functional assessment during
fetal life. Two of our fetal cases (cases 25 and 26) with
systolic and diastolic dysfunction had spontaneous
intrauterine demise soon after the diagnosis. The
unknown factor when assessing fetal ventricular
function is the e!ect of various loading conditions on
the heart, as well as the developmental status of the
myocardium. Both the left and the right ventricles
work at a relatively low afterload, when compared to
that of the newborn or older child. Likewise, varia-
tions in preload are di!erent from those of the
postnatal heart. Because all the parameters that are
measured prenatally are load dependent, the sensi-
tivity of these in the fetus must remain open to doubt.

Clinical Picture

The clinical picture in cases with dilated CM can be
quite variable [9, 10, 20, 29, 30, 32]. Some cases are
critically a!ected with severe ventricular dysfunction,
rapid deterioration, and eventual death. Others
present with minor abnormalities, including slight
ventricular dilatation, mildly impaired ventricular
function, and nonspecific T wave changes on ECG.
Three of our a!ected cases had dilated CM with se-
vere intrauterine biventricular dysfunction, and they
died before or soon after birth. The other four cases
were mildly symptomatic and had mild to moderate
ventricular dysfunction, improving spontaneously
with time. The recovery may in part be related to the
treatment regimes used with resultant remodeling of
the heart. All four patients who recovered had nor-
mal systolic and diastolic function as assessed by
echocardiography at the latest follow-up. Impor-
tantly, the Vcfc: WS ratio was included in the systolic
functional assessment because it is a parameter that

Fig. 2. Left ventricular endomyocardial biopsy of case 1 demon-
strating endocardial elastosis (arrows), some subendocardial inter-
stitial fibrosis, and mild myocyte hypertrophy. The changes are
consistent with idiopathic dilated cardiomyopathy and endocardial
fibroelastosis (trichrome-elastic stain; original magnification ·100).
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has been considered sensitive and reliable [5]. Despite
this, these cases most likely have persistent myocar-
dial abnormalities that were not detected by the
echocardiographic tools used in their evaluation.
Whether recent modalities such as tissue Doppler or
acoustic quantification would be more sensitive is
open to speculation. These cases may also present
later in life with clinical signs or echocardiographic
features suggestive of cardiomyopathy, which war-
rants continued follow-up in this group.

The case who presented with a restrictive CM
had a fulminant course, and her outcome was similar
to that reported by Cetta et al., [3]. Of note, the
previous sibling of this patient presented in extremes
and died soon after admission. The earlier detection
of diastolic dysfunction of the index case, and the
close follow-up, resulted in more timely intervention.

It is unclear from this study whether fetal echo-
cardiography can reliably predict which cases may

require early transplantation. If the ventricular
function is significantly reduced, then there is a higher
probability of the need for early transplantation.
However, the observed potential for spontaneous
improvement in the postnatal period should result in
a wait-and-see policy in the newborn period.

Limitations of the Study

One of the main limitations of the study relates to the
sensitivity of the tools used to detect left ventricular
dysfunction. Most of the measurements are load
dependent and their sensitivity in the fetus is still
open to question. Therefore, the changes that were
observed may well be an underestimation of the fre-
quency of abnormalities in this population. The reli-
ability of serial measurements by echocardiograhy
may be open to criticism; however, these were

Fig. 3. Pulsed Doppler tracings for diastolic function evaluation of case 14: a) normal fetal tracings for tricuspid and mitral valves inflows
performed at 30 weeks gestation; b) normal fetal tracings for pulmonary vein and inferior vena cava at 30 weeks gestation; c) abnormal
postnatal pulmonary vein and mitral inflow tracings at 3 months of age; d) same tracings at 7 months of age. The arrow in d) indicates
abnormal retrograde flow during passive filling. TV means tricuspid valve; MV, mitral valve; PV, pulmonary vein; aRv, ‘‘a’’ wave reversal
velocity; aRd, ‘‘a’’ wave reversal duration; DT, deceleration time; IVRT, isovolumic relaxation time.
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performed in a standardized manner within the lab-
oratory, with more than one abnormal parameter in
those cases with evidence of ventricular dysfunction.

The lack of an absolute tissue diagnosis in many
of the cases is also a major limitation. Although this
group of patients did have a dilated, poorly func-
tioning left ventricle as a common feature, they are by
no means homogeneous and represent those cases
without an obvious cause for their dysfunction. Of
note, in no case was there an obstetric cause that could
explain those cases with in utero ventricular dysfunc-
tion. A left ventricular myocardial biopsy was only
performed in one of the earliest cases, and applying
current practice this would not have been performed.
A metabolic etiology was not excluded in all cases
however, this is a rare cause of cardiomyopathy, with
exhaustive investigations only being performed rou-
tinely in all cases during the past few years.

Conclusions

This study demonstrates a high incidence of CM in
cases with a family history of nonhypertrophic CM.
Early screening may provide invaluable prognostic
information for family planning and counseling. Al-
though prenatal echo is a useful tool for this purpose,
a normal study does not exclude the possibility of
ventricular dysfunction at a later stage, justifying
serial postnatal evaluation. A poor outcome was
observed in severely a!ected patients. However,
complete recovery may occur in some with less severe
cardiac dysfunction at the time of diagnosis. Early
identification and close monitoring of familial CM
result in more appropriate timing for cardiac trans-
plantation.
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