
CASE REPORT

Biotin-Responsive Basal Ganglia Disease: A Treatable
Differential Diagnosis of Leigh Syndrome

Felix Distelmaier • Peter Huppke • Peter Pieperhoff •
Katrin Amunts • J€org Schaper • Eva Morava •

Ertan Mayatepek • J€urgen Kohlhase •

Michael Karenfort

Received: 27 June 2013 /Revised: 23 September 2013 /Accepted: 26 September 2013 /Published online: 29 October 2013
# SSIEM and Springer-Verlag Berlin Heidelberg 2013

Abstract Biotin-responsive basal ganglia disease (BBGD)
is an autosomal recessive disorder, which is caused by
mutations in the SLC19A3 gene. BBGD typically causes
(sub)acute episodes with encephalopathy and subsequent
neurological deterioration. If untreated, the clinical course

may be fatal. Our report on a 6-year-old child with BBGD
highlights that the disease is a crucial differential diag-
nosis of Leigh syndrome. Therefore, biotin and thiamine
treatment is recommended for any patient with symmetrical
basal ganglia lesions and neurological symptoms until
BBGD is excluded. In addition, we exemplify that
deformation-field-based morphometry of brain magnetic
resonance images constitutes a novel quantitative tool,
which might be very useful to monitor disease course and
therapeutic effects in neurometabolic disorders.

Introduction

Biotin-responsive basal ganglia disease (BBGD; OMIM
607483) is a rare autosomal recessive disorder, which is
caused by mutations in the SLC19A3 gene, encoding a
thiamine transporter (hTHTR2). The disease was first
described in 1998 and later genetically characterized in
2005 (Ozand et al. 1998; Zeng et al. 2005). The first
patients reported were of Saudi, Syrian, or Yemeni ancestry.
However, in the following, also European and Japanese
patients were identified, indicating that BBGD is a
pan-ethnic disease (Debs et al. 2010; Tabarki et al. 2013).
So far, the influence of SLC19A3 mutations on hTHTR2
function (i.e., transporter functionality, protein stability,
targeting, or transport activity) and their impact on cell
biology are unresolved (Subramanian et al. 2006).

BBGD frequently manifests in childhood with (sub)
acute episodes of encephalopathy, dystonia, dysarthria,
and seizures. If untreated, the clinical course may be
fatal (Tabarki et al. 2013; Alfadhel et al. 2013). Brain
magnetic resonance imaging (MRI) typically demonstrates
bilateral hyperintensity of caudate nucleus and putamen
on T2-weighted sequences. In addition, especially during

JIMD Reports
DOI 10.1007/8904_2013_271

Communicated by: Wolfgang Sperl

Competing interests: None declared

Electronic supplementary material: The online version of this
chapter (doi:10.1007/8904_2013_271) contains supplementary
material, which is available to authorized users.

F. Distelmaier (*) : E. Mayatepek :M. Karenfort
Department of General Pediatrics, Neonatology and Pediatric
Cardiology, University Children’s Hospital, Heinrich-Heine
University, Moorenstr. 5, D-40225 D€usseldorf, Germany
e-mail: felix.distelmaier@med.uni-duesseldorf.de1

P. Huppke
Department of Pediatrics and Pediatric Neurology, Faculty of
Medicine, Georg August University, G€ottingen, Germany

P. Pieperhoff
Research Centre J€ulich, Institute of Neuroscience and
Medicine-INM-1, J€ulich, Germany

K. Amunts
C. and O. Vogt Institute for Brain Research, Heinrich-Heine
University, D€usseldorf, Germany

J. Schaper
Department of Diagnostic and Interventional Radiology,
Heinrich-Heine University, D€usseldorf, Germany

E. Morava
Hayward Genetics Center, Tulane University Medical School,
New Orleans, LA, USA

J. Kohlhase
Center for Human Genetics, Freiburg, Germany

http://dx.doi.org/10.1007/8904_2013_271


acute neurometabolic crisis, diffuse cortical and subcortical
changes are characteristic, which are thought to be caused
by vasogenic edema (Tabarki et al. 2013).

Treatment of BBGD consists of high doses of biotin
and additional thiamine. The efficacy of biotin treatment
is still unclear because hTHTR2 is unable to transport
biotin. However, it has been shown that biotin regulates
gene expression of SLC19A3 (Debs et al. 2010). Therefore,
a biotin-induced upregulation of hTHTR2 levels in combi-
nation with increased thiamine supplementation are most
likely the therapeutic mechanisms.

Case Report

Here, we report on a 6-year-old girl, born to consanguine-
ous Moroccan parents. She was the third child of the
family. Two older sisters suffered from a progressive
neurodegenerative disorder, which was classified as Leigh
syndrome because of symmetrical brain lesions in the
basal ganglia.

Leigh syndrome is a devastating disease caused by
direct or indirect impairment of mitochondrial oxidative
phosphorylation. The disorder typically causes symmetrical
lesions in basal ganglia and/or brain stem and leads to a
clinical course with rapid deterioration of cognitive and
motor functions (Baertling et al. 2013).

However, in these two girls, biochemical diagnostics
did not reveal any clear disturbance of mitochondrial
metabolism. Both girls died during the course of the
disease.

The girl reported here developed normal until the age
of 3½ years. At that time, she suffered from a first
encephalopathic episode with somnolence, dystonia, and
dysarthria. Metabolic work-up was normal (including
organic acids in urine, amino acids in blood and cerebro-
spinal fluid, acylcarnitines, etc.). Initial brain MRI showed
symmetric basal ganglia lesions. In view of family history,
Leigh syndrome was diagnosed.

At the age of 6 years, the child was seen at our
department during an acute metabolic crisis (including
somnolence and seizures). Brain MRI showed the previously
described basal ganglia lesions (Fig. 1 a–b). In addition,
single voxel spectroscopy demonstrated an intense lactate
peak within the affected areas (see Supplementary Fig. 1).
However, MRI also showed diffuse cortical and subcortical
changes in addition to basal ganglia lesions, which appeared
rather atypical for classical Leigh syndrome (Fig. 1 a–b).
This finding brought up the differential diagnosis BBGD.
Accordingly, the girl was treated with high-dose biotin
(10 mg/kg/day) and additional thiamine (100 mg/day). This
medication improved her clinical status dramatically. The
child recovered from somnolence within several hours and
seizures subsided completely.

Molecular genetic studies confirmed BBGD, demonstrat-
ing a mutation in the SLC19A3 gene (c.1264G>A, p.T422A,
in exon 5; mutation previously described by Zeng et al.
2005). In addition, molecular genetic studies were also
carried out in cultured skin fibroblasts of the oldest sister,
which allowed a postmortem diagnosis also in this child.

The further clinical course of the girl was favorable.
Follow-up brain MRI, 3 months after the acute metabolic
crisis revealed a clear regression of lesions in basal ganglia
and other cortical and subcortical regions (Fig. 1 c–d).

In order to enable a quantitative evaluation of the disease
course with respect to different brain areas, we applied
deformation-field-based morphometry of the MR scans
and cytoarchitectonic probabilistic maps to localize volume
changes (Fig. 2; Pieperhoff et al. 2008). The superimposi-
tion of the MRI scans obtained prior and after 3 months of
therapy showed a widespread involvement of brain regions,
extending those of the previously identified changes in the
caudate nucleus and putamen. The caudate nucleus and
putamen were among those regions with most pronounced
volume decrease under therapy. Other regions with volume
decrease were the fundus striati, the ventral globus pallidus,
the pulvinar of the thalamus, the periaqueductal gray
matter, but also cortical areas PG and PGa of the angular
gyrus. Volume increases were found in the ventricles, but
also in the thalamus (paratenial nucleus, mammillary body,
ventral anterior nuclei, and habenula).

These findings are in accordance with current MRI
studies on BBGD (Tabarki et al. 2013) and indicate that
brain pathology of the disease is much more complex than
previously thought. The volume changes observed most
probably constitute a combination of recovery processes
(e.g., disappearance of vasogenic edema and normalization
of cell metabolism) and residual tissue damage/atrophy.

Discussion

In conclusion, our report highlights that BBGD is
an important treatable differential diagnosis of Leigh
syndrome. The clinical picture may completely mimic a
mitochondrial disorder, including lactic acidemia (which
was present in one of the girls during acute metabolic
crisis) and detection of a lactate peak on magnetic
resonance spectroscopy (as demonstrated in the index
patient). Importantly, atypical brain imaging findings
(i.e., cortical signal alterations; indications of vasogenic
edema) should alert clinicians to the differential diagnosis
BBGD. Generally, biotin and thiamine treatment is
suggested in any patient with symmetrical basal ganglia
lesions and neurological symptoms until BBGD is excluded
or a mitochondrial dysfunction has been clearly identified.
Moreover, our morphometry analysis exemplifies that this
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novel quantitative tool might be very useful to monitor
disease course and therapeutic effects in neurometabolic
disorders.

Synopsis

Biotin and thiamine treatment is lifesaving in patients with
biotin-responsive basal ganglia disease.
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Fig. 1 MRI findings in biotin-responsive basal ganglia disease.
(a–b), T2-weighted sequences during acute metabolic crisis demon-
strating bilateral hyperintensity and swelling of caudate nucleus and
putamen as well as abnormal signals in cortical-subcortical areas.

(c–d) T2-weighted sequences 3 months after start of treatment with
biotin and thiamine showing clear improvement of basal ganglia
alterations and disappearance of cortical abnormalities
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Fig. 2 Deformation-field-based morphometry of the MR scans.
Volume changes in time as assed by means of deformation-field-
based morphometry (DFM, Pieperhoff et al. 2008). The first and
second pictures in each row show MR sections, which were acquired
within an interval of ~3 months. The third picture in each row shows
the difference in volume as compared to the first MR image, where the

brain was imaged for the first time. Volume decreases and increases of
more than 10 % are colored in red to yellow, and in blue, respectively.
Contours of the following anatomical regions are labeled: ipl-pf,
ipl-pg ¼ areas PF and PG of the inferior parietal lobule (Caspers et al.
2008); bn bed nucleus, fustr fundus striati, acc ncl. accumbens, vgp
ventral globus pallidus, caud ncl. caudatus, put putamen
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Informed Consent

Additional informed consent was obtained from all
patients, for which identifying information is included in
this article.

Animal Rights

This article does not contain any studies with animal
subjects performed by any of the authors.
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