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Summmary

Investigators from the Pediatric Epilepsy Research Consortium
(PERC), a collaboration of 21 US pediatric epilepsy centres, re-
ports patient characteristics, evaluation strategies and postopera-
tive outcomes in children with drug resistant epilepsy, who un-
dergo evaluation for epilepsy surgery [1]. The cohort included
437 children, of whom 71 children were younger than 3 years at
the time of referral for surgery. The baseline patient demograph-
ics and epilepsy characteristics were compared between children
who were referred at a younger age (≤3 years) and those referred
after 3 years age. Pre-surgical evaluation strategies, including
MRI findings and ancillary testing used if any, were reported
and compared between these two groups. The type of surgery,
intent of procedure (definitive or palliative), need for invasive
monitoring and surgical outcomes were recorded for those who
underwent surgery. The investigators identified abnormal neuro-
logical examinations (p=0.002) and imaging findings (p=0.042),
frequency of seizures (p=0.01) and proximity to referral cen-
tres (p=0.05) as factors which contributed to early referral in the
younger age group. 85% of the children who were evaluated
for surgery had focal onset seizures, with 71% having abnor-
mal MRI. The most commonly identified etiology was structural
(multilobar and hemispheric malformations (55%) and unilobar
abnormalities (45%)). In the younger age group, use of ancil-
lary testing was less frequent compared to older children, with
48% of the group having only MRI/EEG testing. The utility of
tests such as positron emission tomography, among others, was
noted to be higher for children with normal MRI or those with-
out circumscribed malformations. It was noted that there was no
difference in the rates of surgery between the two groups; but
the younger age group more often underwent larger procedures
such as hemisperectomy. Among those referred for surgery at
≤3 years, 11 children had normal MRI of whom only 1 was of-
fered surgery. Among the children who had onset of seizures at
<3 years (n=202), 176 (87%) had drug resistant epilepsy (DRE)
at the time of referral. The investigators sought to compare the
characteristics of those with early DRE diagnosis (<3 years)
to those with later DRE diagnosis among children with early

epilepsy onset and found no significant differences. Factors that
contributed to delay in surgical referral (defined as > 1 year af-
ter DRE diagnosis) among those with early onset DRE (n=79)
were found to be abnormal neurological examinations and gen-
eralized or focal aware seizure types and the intent of referral
was mostly for palliative procedures. Thirty four patients <3
years old underwent surgery. The type of surgery offered was
more often focal resection and the mean follow-up post-surgery
was 23 months (4-40 months). Favourable outcomes were iden-
tified in a significant proportion of the cohort, with Engel class I
outcomes in 59% and class II in 18%. Surgical complications or
developmental outcome following surgery were not analysed in
the study.

The investigators concluded that surgery is effective but may
be disproportionately offered to children with severe presenta-
tions, as those with normal MRI and better neurological sta-
tus had lower rates of referral for surgery. They attribute this
to lower utilization of ancillary testing and recommend further
studies into the prevalence of nonlesional DRE.

Commentary

Drug resistant epilepsy occurs in 35-65% of children with
epilepsy <3 years old and contributes to significant morbidity and
health care burden. Epilepsy surgery can result in seizure free-
dom in appropriately chosen candidates and can improve devel-
opmental outcomes. Previous retrospective studies have shown
that seizure-free survival can be attained in 50-80% children who
undergo resective surgeries for DRE, with positive or static ef-
fects on cognitive outcomes [2, 3]. A single centre randomized
control trial performed at a tertiary care institute in India com-
pared seizure freedom and quality of life in children under 18
years with DRE [4]. It was found that 77% in the surgery group
attained seizure freedom at 12 months versus 7% in the medi-
cally treated group. A retrospective study from Japan that re-
ported the surgical and developmental outcome in children un-
der 3 years who underwent epilepsy surgery over a period of
13 years, concluded that seizure freedom was attained in 82%
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Abstract
Background: Brown-Vialetto-Van Laere syndrome is an autosomal recessive riboflavin transporter deficiency syndrome. It has
been described in various populations but has yet to be recorded in East Africa. Case Report: In a patient who was admitted with
aspiration pneumonia, SLC52A3 gene screening was performed based on a combination of bulbar weakness, ptosis, tongue atrophy,
and hyperreflexia, which is compatible with Brown-Vialetto-Van Laere syndrome. A heterozygous pathogenic SLC52A3 variant
was identified but no second potential pathogenic variant was detected. There was notable clinical improvement with riboflavin
supplementation. Discussion: Our findings provide evidence of a wider geographical distribution of this rare condition. They also
illustrate the clinical recognizability of this rare and treatable movement disorder in resource-limited areas.

Keywords: Brown-Vialetto-Van Laere syndrome, Africa, SLC52A3, RFT2, Riboflavin, Motor Neuron Disease.
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Background

Brown-Vialetto-Van Laere syndrome (BVVL; OMIM #
211530), also known as ponto-bulbar palsy with deafness or bul-
bar hereditary motor neuropathy type 1, is a rare autosomal re-
cessive degenerative disorder that is caused by riboflavin trans-
porter deficiency [1]. It is characterized by progressive sen-
sorineural deafness, which is followed by bulbar weakness in-
volving the facial, glossopharyngeal, and hypoglossal nerves,
and, less commonly, the spinal motor nerves and upper mo-
tor neurons. Symptoms can present as early as six months up
to adulthood, with a female-to-male ratio of 3:1 [2]. The rare
symptoms include peripheral neuropathy, seizures, intellectual
disability, and autonomic dysfunction.

Although the first clinical description was conducted by
Charles Brown in 1894 [3], the genetic and pathophysiologi-
cal basis has only been discovered relatively recently [4]. Ri-
boflavin, a water-soluble B vitamin, is an essential nutrient with
an important function as a co-factor in amino acid, carbohydrate,
and lipid metabolism. Additionally, it is required for the biosyn-

thesis of two other important co-factors, namely flavin adenine
dinucleotide and flavin mononucleotide, which play vital roles
in energy metabolism, signal transduction, DNA repair, and cell
death [5].

Riboflavin transporter type 2 (RFT2) is highly expressed in the
gut, whereas riboflavin transporter type 3 (RFT3) is predomi-
nantly expressed in the brain. Very little expression was observed
in the skin (proteinatlas.org reference). Homozygous or com-
pound heterozygous pathogenic variants in the riboflavin trans-
porter genes SLC52A2 (coding for RFT3) and SLC52A3 (cod-
ing for RFT2) can cause BVVL or Fazio-Londe syndrome [6].
Fazio-Londe syndrome does not present with sensorineural hear-
ing loss [2] and solely arises from mutations within SLC52A3.

Oral riboflavin supplementation at a dose of 10 mg/kg/day has
been a successful treatment for BVVL [2]; however, some pa-
tients require up to 60 mg/kg/day [6]. In this context, we present
the case of a 13-year-old girl with features of BVVL who showed
good improvement with riboflavin supplementation.
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Abstract

Cerebral palsy (CP) is a heterogeneous neurodevelopmental disorder primarily characterized by motor impairment caused by non-
progressive disturbances in the developing brain. While traditionally thought to be linked to perinatal and environmental factors,
recent research has emphasized the role of genetic contributions in the development of CP. Advances in genomic technologies, such
as next-generation sequencing, have identified associations with de novo mutations, single-gene disorders, and structural chromosomal
variations. These findings challenge the traditional view of CP as solely acquired and highlight its genetic complexity. This review
explores the genomic underpinnings of CP, discussing the implications of recent discoveries for diagnosis, treatment, and future
research in personalized medicine.
Keywords: Cerebral palsy, Metabolic diseases, Genetic disieases, Next generation sequencing, Mimics.
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Introduction

Cerebral palsy (CP) is a well-known, physically disabling con-
dition describing a group of permanent disorders of the develop-
ment of movement and posture, causing activity limitation, that
are attributed to nonprogressive disturbances that occurred in the
developing fetal or infant brain [1]. The motor disorders of CP
are often accompanied by intellectual disability, epilepsy, and
behavior problems, rendering it a heterogenous condition. The
classification of types of CP is based on clinical features and
predominant neurological findings. Three main groups have been
identified: spastic, dyskinetic, and ataxic CP [1]. Other motor
disorders such as muscle weakness, hypotonia, or impaired
selective movements can be observed across the range of pre-
sentations and along the lifespan. Aberrations of many different
genetic loci can produce a CP phenotype [2]. Recognizing the
cause of CP in an affected patient is essential to providing
optimal clinical management, including precision therapy.

Pediatric movement disorders consist of a heterogeneous
group caused by numerous neurological diseases. Whereas
hypokinetic disorders, including parkinsonism, predominate in
adults, children more commonly demonstrate hyperkinetic dis-
orders such as tics, tremor, chorea, and dystonia [3]. Different
neurological disorders in children share overlapping movement
disorders making a diagnosis of the underlying cause of the
movement disorder challenging. There are a large number of
genetic and neurometabolic diseases that cause secondary move-
ment disorders in childhood. Their clinical presentation can
meet the diagnostic criteria of CP, particularly at early age [4].
Early detection of treatable inborn error of metabolism allows

for timely interventions to prevent disease progression and
irreversible central nervous system damage and, in some cases,
to improve neurological functioning. Detection of an inherited
metabolic/genetic disease for which no treatment currently exists
allows for counseling of the affected families, improved manage-
ment of comorbidities, and provides the essential stepping stone
for future research [5].

Selected Disorders With Prominent Dystonia
and/or Chorea

Table 1 summarizes the main inherited metabolic/genetic
diseases with movement disorders presenting as mimickers of
CP.

Dyskinetic CP is the second most common type of CP after
spastic forms, typically caused by non-progressive lesions to the
basal ganglia or thalamus, or both. In dyskinetic CP, two major
movement disorders, dystonia and choreoathetosis, are present
together most of the time. Dystonia is often more pronounced
and severe than choreoathetosis [1].

A number of inherited metabolic and genetic diseases may
present with dystonia [5–7]. For example, monoamine neuro-
transmitter disorders, glucose transporter deficiency type 1, cere-
bral creatine deficiency syndrome, or Lesch-Nyhan syndrome
can mimic dyskinetic CP. These genetic causes of dystonia can
be misdiagnosed with CP because of the nonprogressive nature
of the motor manifestations. There are, however, characteristic
clinical features in this group of disorders that should prompt
their suspicion. The presence of oculogyric crises, diurnal
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Table 1. Genetic/metabolic disorders with prominent
dyskinesia

– Dopa-responsive dystonia
– Sepiapterin reductase deficiency
– L-Amino acid decarboxylase deficiency
– Glutaric aciduria type 1
– Glucose transporter deficiency type 1
– Neurodegeneration with brain iron accumulation
– Cerebral creatine deficiency syndrome
– Lesch Nyhan syndrome
– Cerebral folate deficiency
– ADCY5-related dyskinesia
– PCDH12-related dyskinesia
– NKX2-1 related ataxic dyskinetic CP
– TSEN54 Gene-related pontocerebellar hypoplasia

variation of the symptoms, or a marked exacerbation of motor
symptoms late in the day and/or improvement with sleep, indi-
cate a monoamine neurotransmitter disorder. Regarding glucose
transporter deficiency type 1, worsening of symptoms with
fasting or exercise is a good diagnostic clue [5–7].

Depending on the specific condition, treatment may include
variable combinations of supplementation with the cofactor,
tetrahydrobiopterin (BH4), levodopa, and 5-hydroxytryptophan
for several monoamine neurotransmitter disorders, ketogenic
diet for glucose transporter deficiency type 1, or creatine sup-
plementation for cerebral creatine deficiency [5–7]. In glutaric
aciduria type 1, glutaric acid is neurotoxic and may cause
permanent dystonia and other neurological sequalae. Aggressive
diet treatment prevents injury to the brain.

Selected Disorders With Ataxia and Mixed Motor
Features

Table 2 summarizes the main metabolic/genetic movement
disorders presenting as ataxic CP.

Up to 10% of children with CP are diagnosed with the ataxic
type [1]. Isolated ataxia is a rare finding in patients with CP
associated with perinatal brain injury. Therefore, investigation
for genetic causes of ataxia should be strongly considered in any
patient who presents with predominant ataxia, especially in the
context of normal brain imaging. Indeed, early-onset ataxia can
signal a host of genetic disorders that are often progressive (thus
not CP) with poor outcomes. For example, ataxia-telangiectasia,
spinocerebellar ataxia, coenzyme Q10 deficiency, and Joubert
syndrome can mimic ataxic CP in early life [5–7].

“Red Flags” When Reviewing a Child With CP

Table 3 summarizes the clinical and neuroimaging features
that should alert the physician to a possible underlying metabolic
or genetic disorder presenting with movement disorder that mim-
ics CP. Thorough history and a careful neurological examination

Table 2. Genetic/metabolic disorders with prominent
ataxia

– Coenzyme Q10 deficiency
– Glucose transporter deficiency type 1
– Ataxia telangiectasia
– Pelizaeus-Merzbacher disease
– Hereditary ataxias
– Joubert syndrome
– Mitochondrial cytopathies
– Pontocerebellar hypoplasia
– Cockayne syndrome
– Niemann-Pick disease type C
– Angelman syndrome
– Gangliosidosis type 1, juvenile and adult forms
– Non-ketotic hyperglycinemia
– Maple syrup urine disease
– NKX2-1 related ataxic dyskinetic CP

Table 3. ‘Red Flags’ when reviewing a child with CP

– No risk factors for CP such as: prematurity, low birthweight,
multiple births, hypoglycemia, jaundice and kernicterus,
intrapartum asphyxia, intracranial hemorrhage, infection,
stroke, or head injuries

– Positive family history of CP
– Fluctuation in motor symptoms
– Paroxysmal symptoms in relation to time of day, diet/fasting,

or activity
– Progressive neurological symptoms
– Regression of milestones
– Isolated motor dysfunction such as isolated ataxia or isolated

hypotonia without dystonia or spasticity
– Eye movement abnormalities (e.g., oculogyria, oculomotor

apraxia, or paroxysmal saccadic eye-head movements)
– Normal neuroimaging
– Nonspecific abnormalities, such as isolated globus pallidus

involvement, which can suggest methylmalonic aciduria

are essential in the evaluation of a patient suspected to have CP.
The utility of next-generation sequencing in the clinical field has
been widely demonstrated in different groups of diseases, mainly
in metabolic/genetic movement disorders. Those metabolic and
genetic movement disorders may present with various pheno-
types, some of them resembling CP. The first approach should
be based on the history, clinical examination, and neuroimag-
ing findings. Brain MRI is estimated to be abnormal in 70–
90% of children with CP. Normal brain MRI or atypical brain
MRI abnormalities should therefore raise the question of an
alternative diagnosis. In a dystonic or ataxic child with no risk
factors (adverse events around delivery; e.g., hypoxia or bilirubin
encephalopathy) and a normal MRI scan of brain and spine, it is
important to consider other causes of dystonia or ataxia (genetic
and metabolic) [5–7].
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