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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

Paroxysmal dyskinesia (PxD) is a group of disorders that is rare. In this group of primary PxD, paroxysmal kinesigenic dyskinesia
(PKD) is the most common subtype. This disorder is characterized by classical features of multiple episodes of brief dyskinesia
precipitated by a “kinesigenic trigger.” We present a case of a 10-year-old boy with genetically proven PRRT2-related PKD. This child
had self-limited infantile epilepsy and PxD undiagnosed for the last 5 years. The child showed a dramatic response to carbamazepine.
However, the drug was discontinued due to extensive cutaneous rash. The child was given a trial of valproate but with no response.
Later, the child responded to topiramate and remained symptom-free for a follow-up of 3 months thereafter.
Keywords: Paroxysmal kinesigenic dyskinesia (PKD), proline-rich transmembrane protein 2 (PRRT2), carbamazepine, oxcar-
bazepine, topiramate, valproate, levetiracetam.
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Background

Paroxysmal kinesigenic dyskinesia (PKD) is a most common
subtype of the primary paroxysmal dyskinesia (PxD), which is a
rare disorder. Proline-rich transmembrane protein 2 (PRRT2) is
the most frequently implicated gene in patients with PKD. PKD
is characterized by brief episodic dystonia or choreoathetosis,
usually either triggered by a voluntary movement described as
a kinesigenic trigger or precipitated by an emotional outburst or
sudden startle [1]. PKD can be misdiagnosed as seizures, benign
myoclonus, tics, or functional movement disorders. It is impor-
tant to consider secondary causes like metabolic disorders and
cerebrovascular pathologies as well. When PKD is suspected,
genetic testing for PRRT2 gene mutation and/or therapeutic
trials of sodium channel blockers are recommended. However,
if the patient does not tolerate the first-line pharmacothera-
peutic medications there is no standard guideline available for
the choice of therapeutic options. Here, we present a case of
a child with PRRT2 gene mutation presenting as PKD who
developed extensive rashes when started on carbamazepine. We
also present a review of currently available data regarding the
effectiveness of other medicines when sodium channel blockers
are contraindicated.

Case Report

A 10-year-old boy presented with paroxysmal movements
for the past 5 years. His mother described these episodes as
abnormal twisting of arms and legs lasting for 5–10 s. Initially,

it was noticed that the child could not walk immediately after
getting up from a chair. These symptoms were at first thought
to be insignificant. However, as the child grew older, the symp-
toms worsened to the extent that they limited his independent
ambulation. On most occasions, sudden changes in posture and
getting down from the school bus or bikes precipitated these
events. There were a few episodes that occurred at rest. The child
described tingling of both arms preceding the twisting of limbs.
For the past 2 years, with the progressive involvement of the legs,
the child had few episodes of fall. Hence, his parents never left
him alone. The child had 20–25 episodes per day.

The child was born to a non-consanguineous couple. There
were no concerns regarding his development. He was a student
in class IV with an average scholastic performance. He was a shy
boy with a few friends. He had two episodes of febrile seizures
between 18 and 24 months. His father had an unprovoked seizure
at 3 years of age and has been asymptomatic since then. No other
family members had similar complaints.

During the examination, the child was alert, oriented and
cooperative child. His head circumference was measured at 51
cm, and he did not display any focal deficits or abnormal limb or
ocular movements. It was noted that activities such as walking,
running, or getting up from a chair did not precipitate the
events in the clinic. Based on these observations, the syndromic
diagnosis was paroxysmal dystonia in a child with a history of
febrile seizures. The etiological differentials considered were
genetic causes of PxD due to mutations in various genes like
PRRT2, SLC2A1, and PNKD, as well as metabolic disorders
and cerebrovascular disorders. The child’s intelligence quotient
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was determined to be 97 on Malin’s Intelligence Scale for Indian
Children. Both plain and contrast MRI brain scans, as well
as electroencephalography studies, were normal. Laboratory
investigations showed normal random blood glucose (88 g/dL),
arterial lactate (0.9 mmol/L), and fasting ammonia (47 µmol/L)
levels. Considering PKD as the most likely differential diagno-
sis, carbamazepine was started for the child at 2.5 mg/kg/day
and a sample for clinical exome sequencing (CES) was sent.
The child became asymptomatic in 10 days. After 4 weeks, he
came for follow-up. A heterozygous single base pair duplication
in exon 2 of the PRRT2 gene (c649dup) was detected on CES
leading to frameshift and premature truncation of the protein
8 amino acids downstream to codon 217 (p. Arg217ProfsTer8;
ENST00000567659.3). Thus, the clinical possibility of PKD
was confirmed genetically with a complete response to car-
bamazepine. Segregation analysis could not be done due to
financial constraints.

A week later, the boy attended the pediatric emergency unit
with extensive, itchy, and slightly painful erythematous cuta-
neous papular rash and a temperature of 100◦F. He had no
cough, coryza, or history of any other drug intake. He was given
oral paracetamol and intravenous pheniramine maleate (Avil)
observed for 4 h. Carbamazepine was discontinued because of
his rash, afterwhich his lesions reduced significantly. The boy
was negative for HLA-B*15:02. The child remained symptom-
free for a month before experiencing a recurrence of PxDs,
which progressively worsened and became more frequent. This
time, sodium valproate was started at 5 mg/kg/day and increased
to 30 mg/kg/day over a period of 3 weeks, but the episodes
showed no improvement. Topiramate was started at 1 mg/kg/day
and increased to 3 mg/kg/day. Bouts of paroxysmal dystonia
ceased at this dosage of topiramate. Hence, it was continued,
while sodium valproate use was discontinued. At his last follow-
up, the child was symptom-free for 3 months and was attending
school regularly.

Points highlighted in this case

1. One should be careful when initiating carbamazepine even
when the patient is negative for the HLA-B*15:02 genotype.
The risk of rash should be explained to the family.

2. Topiramate was effective at a low dose, while valproate was
ineffective even when administered in the usual anti-seizure
dosage range.

Discussion

Paroxysmal dyskinesia is a rare group of disorders. Under this
category, PKD is the most common subtype, with a frequency
of 1: 150,000 [2]. The PRRT2 gene is most commonly impli-
cated in the causation of PKD. Mutations in the PRRT2 gene
mutation can lead to a spectrum of disorders with different signs
and symptoms affecting patients across different age groups.
These disorders may include benign familial epilepsy, PKD or a
combination of both. Other syndromes linked with PRRT2 gene
mutation, though less common, include absence epilepsy, frontal
lobe epilepsy, hemiplegic migraine, and episodic ataxia [1].

A characteristic finding in all patients with PRRT2 mutation
is a dramatic response to anti-seizure medications (ASMs).
Initially, PKD was considered a channelopathy before the causal
gene was identified. However, with the increased insight into
the pathophysiology of the PRRT2 spectrum of disorders, it is
now categorized as a “synaptopathy” rather than the previously
considered category of “channelopathy” [3]. PRRT2 is local-
ized in the presynaptic membrane and directly interacts with
various synaptic proteins like Synaptosomal-Associated Protein
(SNAP25) and Vesicle Associated Membrane Protein 2 and the
synaptotagmins Syt1 and 2, regulating the voltage-gated ion
channels by altering the calcium (Ca2+)-sensing mechanism
[4, 5].

Diagnosis of PRRT2-related PKD may be delayed due to
similar conditions such as tics, seizures, and functional move-
ment disorders, among others. PRRT2-related PKD is gener-
ally considered a benign disorder with resolution expected by
adulthood. Therefore, the decision to initiate pharmacotherapy
is guided by the frequency and severity of the episodes and
is usually reserved for cases where the disease significantly
limits daily activities. Sodium channel blockers are the drugs of
choice, with carbamazepine and oxcarbazepine being the pre-
ferred medications. A complete or partial response is achieved
in 97% of the patients once they are initiated on carbamazepine
or oxcarbazepine. Carbamazepine is initiated at 1 mg/kg/day and
titrated to achieve optimal response. The usual dose is as low as
1.5–2.5 mg/kg/day but higher doses can be used [6, 7]. The dose
of oxcarbazepine needed to achieve a similar response may be
higher than carbamazepine. The dose is higher in those with self-
limited infantile epilepsy than the ones with PKD in isolation. It
usually ranges between 8 and 12 mg/kg/day [8, 9]. Newer studies
suggest that oxcarbazepine is equally effective as carbamazepine
in patients with PKD. Considering a better side effect profile,
oxcarbazepine is the drug of choice [10]. To further reduce the
side effects, it is recommended to administer the medication
once daily at bedtime. If a patient develops skin rashes, the
medication should be stopped immediately as it can progress
into life-threatening Steven Johnson syndrome, especially in
those with the HLA-B*15:02 genotype. It is advisable to avoid
both oxcarbazepine and phenytoin in those who develop skin
rash secondary to carbamazepine. In such cases, other sodium
channel blockers like topiramate, lamotrigine, and other ASMs
like valproate can be considered.

The role of topiramate as a monotherapy in patients with PKD
has been explored [11, 12]. The dose is started at a minimal
dose of 12.5 mg/day and titrated weekly to achieve a response,
which is usually noted at a mean dose of 3 mg/kg/day. Sodium
channel blockade is one of the many mechanisms by which
topiramate exerts its action. Weight loss is a common side
effect encountered in those receiving topiramate. The efficacy
of lamotrigine is documented in a few case reports, especially in
young women and those with coexisting epilepsy [13, 14].

Other medications like valproate and levetiracetam have been
tried with variable effects. Levetiracetam has been found to be
least efficacious, with valproate having a relatively better profile
in patients with PKD [15–17]. With advancing age, the need for
pharmacological therapy reduces in patients with PKD.
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Challenges faced by clinicians in managing patients with
PRRT2 gene-related PKD

1. Diagnostic dilemma—Detailed history is important to
differentiate PKD from other entities that resemble it.

2. Management—PKD responds dramatically to sodium channel
blockers, especially carbamazepine/oxcarbazepine. Choice
of medications should be done carefully in those who do not
tolerate carbamazepine, as other available options are a lot

less efficacious than carbamazepine.

Conclusions

Recognition of PKD requires a high index of suspicion on the
part of the clinician. The entity is a benign one but may become
disabling in a few requiring pharmacological intervention.
Oxcarbazepine is equally efficacious as carbamazepine and is
currently the drug of choice. Phenytoin is a reasonable alternative.
However, the options are limited for those who do not tolerate
the first-line medications. In this group of patients, topiramate
is the most effective medicine. Other ASMs may be tried, but

levetiracetam appears to be least effective.
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