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Abstract
Familial cases of childhood congestive
cardiomyopathy with X linked recessive
inheritance and abnormalities of heart
muscle mitochondria have been previously reported. We report here three
families with possible X linked congestive
cardiomyopathy and specific mitochondrial abnormalities. The heart disorder
presented as endocardial fibroelastosis
with neonatal death in two brothers in
one family, and as heart failure and
death in infancy in two brothers in the
other two families. In one family a
maternal uncle may also have been affected. Pyodermia and neutropenia was
reported in one of the boys. Electron
microscopy of heart muscle after necropsy showed increased numbers of mitochondria and abnormal mitochondrial
cristal condensations and paracrystalline
inclusions in all sibships. Barth's
syndrome has been mapped to Xq28
and includes cardiomyopathy, skeletal
muscle myopathy, neutropenia, and
mitochondrial abnormalities similar to
those found in the three families
reported here. Since the clinical picture
differed in the three families, they may
represent more than one entity
( Med Genet 1993;30:269-72)

Familial cases of childhood cardiomyopathy
with probable X linked recessive inheritance
and abnormal mitochondria have been
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reported. Both the clinical and pathologicalanatomical findings seem to vary. One family
had only heart muscle affected,' whereas two
families had abnormalities of both heart and
skeletal muscle.23 We report here three families with cardiomyopathy and identical heart
muscle mitochondrial abnormalities on electron microscopy. The cardiac abnormality
presented as heart failure and death in infancy
in two families and as endocardial fibroelastosis with neonatal death in one family.
Case reports
FAMILY 1

Patient 1 (IIl, fig 1) was born one week
before term after induced birth because of
delayed growth. Birth weight was 2145 g and
length was not measured. He immediately developed respiratory distress syndrome and
pyodermia, but was discharged from hospital
after three weeks. However, he had feeding
difficulties and poor weight gain and he
sweated a lot. At 3 months of age he was
admitted to hospital because of heart failure
and a cardiomyopathy was found. Neutropenia
was noted on several occasions. Leucocyte
counts varied from 4 to 10 x 109/l, with the
following differential counts at 6 months of
age: lymphocytes 89%, monocytes 8%, segmented neutrophils 1%, eosinophils 2%. He
had no obvious hypotonia or other signs of
skeletal muscle disorder. Psychomotor development was normal. At 8 months of age
carnitine in serum was normal (33 5 nmol/ml)
but low in skeletal muscle (0-965 pmol/g).
However, histochemical examination of the
muscle biopsy showed normal muscle tissue.
He was treated with L-carnitine without any
effect. Cultured fibroblasts showed normal
levels of a-glucosidase. He died at 9 months
from heart failure. Necropsy showed an
enlarged heart weighing 60 g. The hypertrophy mainly affected the left ventricular
wall. The liver showed congestion and diffuse
steatosis.
Patient 2 (II-2, fig 1) is the younger brother
of patient 1. He was born at term after a
normal pregnancy, weight 4750 g, length
56-5 cm. Echocardiography at 6 weeks showed
a possibly enlarged and thick walled left ventricle. Six weeks later he was admitted to hospital with heart failure and he died the next
day. A white blood cell count was not performed. Psychomotor development appeared
normal. Necropsy showed a markedly enlarged
heart weighing 90 g. Again, the hypertrophy
mainly affected the left ventricular wall. The
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liver showed congestion and moderate centrilobular steatosis.

FAMILY HISTORY

The parents of patients 1 and 2 are healthy and
unrelated. 2D echocardiography showed no
abnormality in either parent. A younger sister
of the patients is healthy. Chorionic biopsy in a
later pregnancy showed a female fetus with
trisomy 22 and the pregnancy ended in a
spontaneous abortion.

FAMILY 2

Patient 1 (IIl1, fig 1) was the first child of
healthy parents. At 32 weeks' gestation routine
ultrasonography showed a cystic process in the
left thorax and birth was induced two weeks
before term. Birth weight was 3810 g and
length was not measured. He was cyanotic and
was treated on a respirator. An extremely
dilated left ventricle was found and he died at 1
month of age. Serum carnitine was normal and
he had no neutropenia. Necropsy showed an
enlarged, markedly dilated heart, weighing
1 10 g. Microscopic examination showed thickened endocardium, variable interstitial fibrosis, and muscle fibres with increased diameter.
The lungs and liver showed marked congestion.

Patient 2 (II2, fig 1) was the younger
brother of patient 1. From 28 weeks' gestation
there was polyhydramnios. At 33 weeks ultrasonography showed neck oedema. Fetal blood
karyotype was normal. He was born six weeks
before term, weight 2900 g, length 45 cm, head
circumference 37 cm. A dysmorphic appearance was noted with hypertelorism, antimongoloid eye slant, and thick and elaborate auricles. The arms were short and the thorax was
small. Both testes were undescended. He was
bradycardic and cyanotic and died 20 minutes
after birth. At necropsy the heart weighed
25 g. There was possible left ventricular
hypertrophy and preductal coarctation of the
aorta with a patent ductus arteriosus. The liver
was congested but the other organs were
grossly normal. On microscopy the myocardium showed scattered hypertrophic fibres
and some interstitial fibrosis.

There were no other cases of cardiac anomalies
in the family. Echocardiography of the parents
was not performed.
FAMILY 3

Patient I (II12, fig 1) was a boy born after a
normal pregnancy, weight 4520 g, length
54 cm. He was healthy until he started coughing when he was 9 months old. One month
later he was admitted to hospital because of
cardiac failure and an enlarged left ventricle
was found. Psychomotor development was
normal and he had no hypotonia or neutropenia. He died within two days of cardiac failure.
Necropsy showed a markedly enlarged heart,
mostly affecting the left ventricle. The heart
weighed 220 g. Microscopically the left ventricular endocardium was greyish and moderately thickened. The other organs were normal.
Patient 2 (II3, fig 1) was the younger
brother of patient 1. The pregnancy was normal, but weight and length is not known.
Because of the brother's illness he was followed up regularly. From the age of 4 months
he had a hypochromic microcytic anaemia
and an increasing heart size. However, he
remained healthy until he died suddenly at 20
months of age with a clinical picture of encephalitis. Psychomotor development was normal. He had no neutropenia. Necropsy showed
an enlarged heart weighing 200 g, but no particular enlargement of the left ventricle. The
brain was oedematous and the liver was fatty,
otherwise no abnormalities were found.
FAMILY HISTORY

The parents were healthy and unrelated.
Echocardiography showed no abnormalities in
either parent.

CONTROL SUBJECTS

Heart muscle from two male infants aged 13
and 16 weeks was used as controls for electron
microscopy. The cause of death in both cases
was sudden infant death syndrome. All organs
were normal at necropsy.
Electron microscopy
METHODS

Necropsies were performed 12 to 48 hours
after death. Tissue samples taken at necropsy
were diced, fixed in 2% buffered glutar aldehyde, postfixed in 1% osmium tetroxide for
two hours, and embedded in epoxyresin. Areas
to be studied by electron microscopy were
selected from semithin, toluidin-blue sections.
Ultrathin sections were stained with uranyl
acetate and lead citrate and examined in a
Philips 301 electron microscope. Micrographs
were taken at x 3 4000 to 25 000 and enlarged

photographically x 3. Neutrophil granulocytes were prepared from buffy coat prepara-
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Patient 3 (I 1, fig 1) is the maternal uncle of
patients 1 and 2. He was born one week before
term, weight 2050 g, length 46 cm. Development was normal until he was 6 weeks old,
when he had several attacks of cyanosis. On
admission to hospital he was cyanotic with
cold extremities and shallow respiration and he
died four days later. Necropsy showed a possibly enlarged heart weighing 45 g. Microscopic
examination of heart muscle was not performed. The liver and kidneys showed moderate congestion.

FAMILY HISTORY
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tions and processed similarly fc r electron
microscopy.

Mycocardium
In all six patients there was a reduc ed number
of contractile fibres, and a marked increase in
the number and size of mitochondr ial profiles.
Between 8 and 50% of mitochondirial profiles
showed cristal condensations, freqiuently with
paracrystalline appearance (fig 2'). Control
f
subjects lacked such changes (tablteI1- 1i)I N ILmIost
mitochondria, including those of c ontrol subjects, contained flocculent densities

Neutrophil granulocytes
Barth's syndrome includes neutropenia and
abnormal mitochondria in bone marrow cells.3
A white blood cell count of the mothers of the
affected boys in families 1 and 2 was performed
and no neutropenia was found. Electron
microscopy of granulocytes showed no abnormal mitochondria in these females.
A summary of the findings in the three
families is presented in table 2.

Discussion
Neustein et aP reported the first family with X

linked cardiomyopathy and abnormal mitochondria. The abnormalities were found in
both heart and skeletal muscle, liver, and kidSkeletal muscle
neys, and seem to be similar to the abnormalitSkeletal muscle from patient II-2, fi
1 was ies found in heart muscle in the three families
normal. No mitochondrial abnorm alities were of the present study. In the family described
found.
by Barth et al,3 affected boys had structural
mitochondrial abnormalities both in cardiac
muscle and neutrophil bone marrow cells, but
Liver
only occasionally in skeletal muscle. RespiraLiver tissue from patient II2, fami] 1 showed tory chain abnormalities were found in isolated
diffuse steatosis, but no mitochondIrial abnor- skeletal muscle mitochondria. In addition, the
malities.
affected boys had neutropenia and repeated
infections. Plasma carnitine was borderline
and muscle carnitine low. Hodgson et all
reported a family with six affected boys where
endomyocardial fibroelastosis was confirmed
in two of the boys and abnormal mitochondria
JO -Pv F
with cristae arranged in a circular fashion were
I-".O.
found in the only patient studied by electron
Aw o...
I
microscopy. Kelley et all reported dilated cardiomyopathy in boys from five families in
'.
-a
.,t
--* .;
which raised urinary levels of 3-methylglutaD
*
.4.:
Ir~~~~*
conate, 3-methylglutarate, and 2-ethylhydrackSirylate were a consistent feature. The disease in
\1
these boys seemed to have a more benign
course and abnormal mitochondria were not
4
'
found.
Ino et at' described two unrelated boys
*
*
.4.
1.4
with cardiomyopathy, neutropenia, and short
stature. Both children had low free plasma
E,
carnitine values and showed clinical improveA.,.
ment in cardiovascular manifestation after
L-carnitine supplementation. Skeletal muscle
II
biopsy showed normal mitochondria, but heart
,
muscle mitochondria were not examined. Kelley et al4 suggested that these reports all refer
Figure 2 Myocardial mitochondria with cristal condensations (necropsy specimens).
the same entity, Barth's syndrome.
to
Arrowhead: cristal condensations. D: flocculent density (non-specific). (4
The features in common to the three famiII 1. Well preserved ultrastructure. Semicircular cristal condensations. (I3) Family 2,
II1I. Less well preserved, but mitochondrial condensation with parallel array of
lies reported here are the early onset and fatal
membranes visible at arrowhead. (C) Family 3, II 1. Multiple well prese!rved cristal
of the disorder, the affectedness of
outcome
condensations, frequently with faint cross striations.
boys only, and the mitochondrial abnormalities. The number of heart muscle mitochondria
was increased and the cristal condensations
and paracrystalline densities were identical
Table 1 Percentage of mitochondrial crist al
in all affected subjects. Family 1 could well
condensations in patients and controls.
represent a case of Barth's syndrome, since
both neutropenia and pyodermia were found
%'
Family 1
in patient II 1 who lived for the longest period.
Patient II
heart muscle was not available for
Although
Patient II-2
14
Family 2
microscopy, the clinical picture of the materPatient II I
ND
nal uncle is in agreement with a cardiomyoPatient II12
Family 3
Normal skeletal muscle mitochondria
pathy.
Patient II I
50
were found in the only patient examined (II-2,
Patient II2
9
Control 1
0
family 1). However, both Neustein et al2 and
Control 2
0
Barth et al3 found abnormal skeletal muscle
ND = not done, material not adequate.
mitochondria only occasionally. It is note-
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Table 2 Summary of clinical and morphological findings.

been reported.67 However, the congenital or
early childhood cardiomyopathies probably
have a different aetiology. There are no empirI1
II1
II2
II1
IIl
II-2
11-2
ial risk data for these cardiomyopathies.
Age at onset of symptoms (mth)
15
3
15
0
0
9
4
a linkage study of the original family
Recently
Age at death (mth)
15
9
3
1
0
10
20
described by Barth et al3 showed mapping of
Abnormal heart mitochondria
?
+
+
+
+
+
+
Neutropenia
+
?
?
?
?
this syndrome to Xq28.8 This was an important step towards classification of the cardiomyopathies and providing empirical risk data
for genetic counselling. Further studies are
worthy that whereas IIl1 and his maternal needed to clarify whether the various cardiouncle (Il1) had a low birth weight, his younger myopathies with mitochondrial abnormalities
affected brother (II2) had a birth weight of represent different entities or genetic variants
4750 g.
of Barth's syndrome.
In family 2 the heart failure presented preS, Child A, Dyson M. Endocardial fibroelastosis:
natally in both the affected brothers. These 1 Hodgson
possible X linked inheritance. J Med Genet 1987;24:210-4.
patients could therefore represent a variant of 2 Neustein HB, Lurie PR, Dahms B, Takahashi M. An X
linked recessive cardiomyopathy with abnormal mitochonBarth's syndrome. However, patient 2 had
dria. Pediatrics 1979;64:24-9.
neck oedema which was detected prenatally 3 Barth PG, Scholte JA, Berden JA, et al. An X-linked
mitochondrial disease affecting cardiac muscle, skeletal
and dysmorphic features which had not been
muscle and neutrophil leucocytes. J Neurol Sci
found in his brother. Some of the dysmorphic
1983;62:327-55.
RI, Cheatham JP, Clark BJ, et al. X-linked dilated
features could be explained by his hydrops. 4 Kelley
cardiomyopathy with neutropenia, growth retardation,
This patient may also have had another disand 3-methylglutaconic aciduria. J Pediatr 199 1;119:738order in addition to a cardiomyopathy. One 5 Ino47.T, Sherwood WG, Cutz E, Benson LN, Rose V, Freepossible diagnosis is Noonan syndrome. The
dom RM. Dilated cardiomyopathy with neutropenia, short
stature and abnormal carnitine metabolism. J Pediatr
affected members of family 3 had a later onset
1988;1 13:511-4.
of the symptoms and no neutropenia. How- 6 Mestroni L, Miani D, Lenarda A, et al. Clinical and pathologic study of familial dilated cardiomyopathy. Am _7
ever, neutropenia has been reported to be
Cardiol 1990;65:1449-53.
fluctuating.3
7 Schmidt MA, Michels VV, Edward WD, Miller FA. Familial dilated cardiomyopathy. AmJMed Genet 1988;31:135Idiopathic dilated cardiomyopathy is
43.
generally considered to be a sporadic, non- 8 Bolhuis PA, Hensels GW, Hulsebos TJM, Baas F, Barth
PG. Mapping of the locus for X-linked cardioskeletal
genetic disorder but familial cases, usually
myopathy with neutropenia and abnormal mitochondria
with autosomal dominant inheritance, have
(Barth syndrome) to Xq28. AmJ Hum Genet 1991;48:481-5.
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