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Abstract 
Barth syndrome is a metabolic disorder characterized by a cardiomyopathy of the dilated type, more rarely 
of the hypertrophic type, neutropenia, skeletal myopathy, diminished statural growth and 3-
methylglutaconicaciduria. However the clinical presentation can be of variable expression. Presentation 
can be slowly progressive or sudden. In most cases, the disease is manifest in infancy. The most 
common initial presentation is cardiac failure. Barth syndrome seems to be very rare, however it seems to 
occur in all ethnic groups. After clinical and biochemical characterization of Barth syndrome, the causative 
gene was mapped to Xq28 by positional cloning and the G4,5 gene (also called TAZ - tafazzin - gene) 
was identified by mutational analysis. More than 20 mutations have been identified. Treatment is 
essentially supportive and follow-up should be multidisciplinary, i.e. done by both cardiologists and 
hematologists. 
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Disease name and synonyms 
• Barth syndrome  
• X-linked cardioskeletal myopathy and 

neutropenia 

Definition 
Barth syndrome is a rare metabolic disorder 
characterized by a cardiomyopathy of the dilated 
type, more rarely of the hypertrophic type, 
neutropenia, skeletal myopathy, statural growth 
retardation and 3-methylglutaconicaciduria. 
However the clinical presentation can be of 
variable expression. 

Main symptoms 
Presentation can be slowly progressive or 
sudden. In most cases, the disease is manifest 
in infancy. Cardiomyopathy is symptomatic 
before one year of age and the most common 
initial presentation is cardiac failure. Neutropenia 
can be permanent or mostly transitory during 
infections (cyclic neutropenia) and bone marrow 
findings reveal a maturation defect with a 
vacuolation in immature neutrophils. The 
consequences of neutropenia may be severe 
(septicemia in newborns) or less dramatic with 
bacterial skin infections and oral aphthous 
lesions. Hypotonia and muscular weakness can 
be severe or ascribed to general failure to thrive. 
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Frequency 
Barth syndrome seems to be very rare, however 
it seems to occur in all ethnic groups. 

Biological findings 
Metabolic screening by gas chromatography-
mass spectrometry shows elevated excretion of 
several organic acids, especially 3-
methylglutaconic acid but also 3-methylglutaric 
acid and 2-ethylhydracrylic acid, in addition to a 
low cholesterol level. 

Diagnostic methods 
Cardiolipin (CL) is a unique phospholipid with a 
dimeric structure (diphosphatidylglycerol) that 
contains four acyl groups and carries two 
negative charges. CL is found almost exclusively 
in the mitochondrial inner membrane and plays a 
central role in mitochondrial oxidative 
phosphorylation because several respiratory 
chain complexes depend on CL. Tetralinoleoyl-
cardiolipin (L4-CL) is a cardiolipin in which all 
four acyl positions are substituted by linoleic 
acid. L4-CL has been shown to be a single 
mitochondrial phospholipid species which was 
lacking in the skeletal muscle, heart and 
platelets of patients with Barth syndrome. 
The formation of L4-CL is thought to involve 
specific acyltransferase activity. Inhibition of this 
process has been suggested by decreased 
linoleic acid incorporation into CL in cultured skin 
fibroblasts of patients with Barth syndrome. This 
test can be used to diagnose Barth syndrome. 
Other cardiolipin species are accumulated due to 
inhibition of the remodelling pathway leading to 
L4-CL, suggesting one other test to di agnose 
Barth syndrome. However gene mutation 
analysis may be needed to complete the 
diagnosis. 

Etiology 
After clinical and biochemical characterization of 
Barth syndrome, the causative gene was 
mapped to Xq28 by positional cloning and the 
G4,5 gene (also called TAZ - tafazzin - gene) 
was identified by mutational analysis. The G4,5 
gene has 11 exons and 5 different messenger 
RNAs dependent on alternate splicing of exons 
5, 6 and 7 and 2 transcription initiation sites on 
exons 1 and 3. More than 20 mutations have 
been identified. 
A skewed X inactivation has been shown in 
female carriers. In these patients, only some 
cells contain the mutated gene on the active X 
chromosome. They therefore do not show any 
symptom. 
The function of the protein encoded by the G4,5 
gene remained unknown for a long time. 

Mitochondrial dysfunction has been suspected 
as abnormal mitochondria were found in 
myocardial specimens. Variable lactic aciduria 
and excess excretion of citric acid cycle 
intermediates were observed, and mitochondrial 
respiratory chain studies indicated involvement 
of more than a single complex in muscle biopsy 
specimens. 
Homologues of the G4,5 gene are conserved in 
many species. They show sequence homology 
with a superfamily of acyltransferases. Then the 
product of the mutated G4,5 gene has been 
shown to be homologous to phospholipid 
acyltransferases. This led to the speculation that 
the product of the G4,5 gene is involved in the 
synthesis or turnover of one or more complex 
lipids. This could explain the low cholesterol 
level observed in patients. Membrane structure 
of the mitochondria, especially the inner 
membrane that carries the respiratory 
complexes, may be altered by an abnormal lipid 
structure. These findings support the notion that 
Barth syndrome is caused by alteration of 
mitochondrial lipids. 

Management 
Treatment is essentially supportive and should 
be multidisciplinary, that is patients should be 
followed-up by both cardiologists and 
hematologists. 
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