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1. Introduction

Valproate (VPA) is a broad spectrum antiepileptic drug which,
besides its use in epilepsy, also is used in treatment of psychiatric
disorders and in migraine prophylaxis. VPA is commonly well-
tolerated when serum-levels are maintained within the therapeu-
tic range, but adverse effects like weight-gain, tremor, sedation,
thrombocytopenia, and leucopenia may occur.1 Serious side effects
include teratogenicity, hepatotoxicity, pancreatitis, bone marrow
suppression, polycystic ovary syndrome, and VPA-induced hyper-
ammonemic encephalopathy (VHE).1 VHE has been reported in
both children and adults, and may untreated lead to life
threatening coma and death. However VPA may also cause
asymptomatic hyperammonemia (VHA).2,3

Neuronal ceroid lipofuscinoses (NCL) are a group of genetic
diseases characterized by storage and accumulation of ceroid
lipofuscin in the lysosomas and accompanying degeneration of
especially the neuronal cells. The symptoms include retinopathy,
epilepsy, psychiatric problems, dementia and motor dysfunction.
At least ten different disorders are known.4 Juvenile neuronal
ceroid lipofuscinosis (JNCL), also known as Batten disease, is one of
the most common types and is caused by a mutation in the CLN3
gene on chromosome 16.5 In JNCL, loss of vision begins about the
age of five to six years. Simultaneously, mental deterioration starts
and, as well, a progressive loss of motor functions. Epilepsy
normally initiates at the age of ten years and increases in frequency
and severity with age. Furthermore, social, behavioral and
attention problems emerge. Some patients develop regular
psychosis. The disease usually leads to early death at a mean
age of 22–28 years.6 Major clinical symptoms are listed in Table 1.

Historically, diagnosis required characterization of storage
material by electron microscopy of rectal, conjunctival or skin
biopsies, electro-retinograms showing retinopathy and
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A B S T R A C T

Purpose: Valproate-induced hyperammonemia (VHA) and hyperammonemic encephalopathy (VHE) are

well-known complications of valproate (VPA) treatment. Currently recognised risk factors for VHE

include a high VPA dosage, the need for polytherapy and long duration of treatment. Despite the severe

nature of the epilepsy, presence of concomitant psychiatric manifestations, and frequent need for poly-

pharmacy associated with juvenile ceroid lipofuscinosis (JNCL, Batten disease) neither this disorder nor

other subtypes of neuronal ceroid lipofuscinosis have previously been identified as risk factors for VHA/

VHE. The aim of the present publication is to describe four cases with VHE in a well-defined Danish

population of JNCL.

Method: An examination of medical records of all 35 patients with JNCL in Denmark was conducted and

revealed fourteen patients treated with VPA.

Results: Four patients treated with VPA developed VHE. All patients were prescribed VPA in standard

dosages, had normal plasma concentrations of VPA and received antiepileptic drug (AED) polytherapy.

Symptoms occurred shortly after commencement or increase in dose of VPA, and were quickly reversible

upon discontinuation of VPA. Carnitine supplement was administrated in two patients, which resulted in

resolution of symptoms and normalized ammonium levels.

Conclusion: Patients with JNCL are in great risk of developing VHA and VHE due to a high rate of

polytherapy. Furthermore, studies have shown that carnitine level can be depressed in JNCL, which may

increase the risk of VHA and VHE. We recommend that increased attention should be given to these

patients.
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demonstration of vacuolated lymphocytes.4 Currently, genetic
techniques applied to DNA samples from blood or a buccal swab
will allow the clinicians to make an accurate diagnosis. In
addition, genetic tests are useful for prenatal diagnosis and
genetic counseling of JNCL.4

A Finnish study reported that 70% of patients with JNCL had a
satisfactory seizure control when treated with VPA.6 However,
patients with an unsatisfactory seizure control often need poly-
therapy in order to prevent life threatening seizures,6 which
increases the risk of side effects, including VHA and VHE.2,3,7–22

Despite the severe nature of the epilepsy, occurrence of concomitant
psychiatric manifestations, and need for polypharmacy, occurrence
of VHA/VHE in Batten disease or other subtypes of NCL have not
previously been reported in the literature. The aim of the present
publication is to describe four cases with VHE in a well-defined
Danish population of Batten patients and to provide a review of VHE.

2. Methods

In Denmark all patients with JNCL are associated to the Centre
for Rare Diseases, Department of Pediatrics, Aarhus University
Hospital. In March 2012 a thorough examination of medical
records of all 35 patients with JNCL was conducted.5 The records
contain a continuously maintained history of the clinical course,
including seizure activity, medication used and hospital admis-
sions. Fourteen patients received VPA. Consecutive measurements
of ammonium during VPA treatment were at that time not part of
the routine. However, four cases with suspected VHE were
revealed. None of these four patients had any underlying metabolic
disease besides their JNCL. All were homozygous for the common
1.02 kb deletion in the CLN3 gene.5 Normal range of ammonium is
11–32 mmol/l and VPA 300–700 mmol/l. In addition, a literature
search using the Pubmed database was conducted using the
following terms: valproate, encephalopathy, hyperammonemia,
valproate-induced hyperammonemic encephalopathy, Batten dis-
ease, juvenile ceroid lipofuscinosis. Publications without reports of
VPA and ammonium levels were excluded.

3. Case reports

3.1. Case 1

Case 1, a 19-year old male was admitted to the acute medical unit
due to increasing drowsiness, which had emerged close to coma. He
was diagnosed with JNCL at the age of six. Three weeks prior to the
admission, VPA (1000 mg/24 h; 13 mg/kg/24 h) was initiated. He
still received oxcarbazepine (1500 mg/24 h) and quetiapin (200 mg/
24 h). On admission, which was shortly after intake of VPA, plasma
level of VPA was 756 mmol/l. As the symptoms occurred shortly after
introduction of VPA, VHE was suspected. Accordingly, VPA was
discontinued and ammonium level and liver parameters were
measured. There was no impact on the liver parameters. Ammonium
level was 110 mmol/l. Within 24 h after discontinuation of VPA he
started to wake up, and after 48 h he had completely regained
consciousness. The ammonium level was reduced to 48 mol/l.

3.2. Case 2

Case 2, a 17-year old female diagnosed with JNCL at the age of
seven. She had showed a rapid progression and suffered severe
epilepsy. In addition to phenobarbital (90 mg/24 h) and clonaze-
pam (7 mg/24 h), VPA (300 mg/24 h; 6 mg/kg/24 h) was pre-
scribed. Six weeks later she experienced increased drowsiness,
but with rather unaffected consciousness. VPA level was
261 mmol/l, and ammonium level was 83 mmol/l. There was no
impact on liver parameters. One week later, the ammonium level
had increased to 132 mmol/l, and as she now was drowsy all the
day, VPA was discontinued. Within the next two days, she
gradually resolved to her habitual status, and one week later,
the ammonium level was within the normal range, i.e. below
32 mmol/l.

3.3. Case 3

Case 3, a 22-year old female admitted to hospital due to
increasing drowsiness. JNCL was diagnosed at the age of six years.
Epilepsy initiated when she was 12 years old. Initially, the epilepsy
was well controlled by clobazam (60 mg/24 h; 1 mg/kg/24 h), but
due to an increase in seizure activity, VPA was added. Four months
prior to admission, the dose was increased to 1600 mg/kg/24 h
(26 mg/kg/24 h). At admission, the levels of VPA and ammonium
were 596 mmol/l and 58 mmol/l, respectively. Liver parameters
were normal. The VPA therapy was continued unchanged, and
administration of carnitine 250 mg/day was initiated. Soon after,
her drowsiness resolved, and the level of ammonium gradually
decreased to 9 mmol/l.

3.4. Case 4

Case 4, an 18-year old female diagnosed with JNCL at the age of
eight years. Initially, she was treated with a combination of
topiramate (TPM) (350 mg/kg/24 h) and oxcarbazepine (2100 mg/
kg/24 h). Due to increase in seizure frequency, VPA (1000 mg/24 h;
16 mg/kg/24 h) was initiated eight months earlier, and at
admission she had been seizure free for several months. However,
a severe drowsiness close to lethargy had gradually emerged
despite low plasma levels of VPA (267 mmol/l). VHE was suspected
and she was admitted to hospital. Ammonium level was however
only slightly increased (63 mmol/l). Liver parameters and carnitine
levels were within normal range (free carnitine: 39 mmol/l (24–
64 mmol/l); acetylcarnitine: 3.55 mmol/l (1–13.62 mmol/l)). De-
spite normal ranges of carnitive levels, administration of carnitine
250 mg was initiated. In addition, VPA dose was reduced to
500 mg/24 h. Subsequently, the level of ammonium decreased to
38 mmol/l, and drowsiness resolved. Few weeks later, seizures
again increased in frequency and severity, and the dose of VPA was
gradually increased to 1500 mg/24 h (25 mg/kg/24 h) under the
guise of carnitine treatment. She then became lethargic. The
plasma concentration of VPA and ammonium level had increased
to 495 mmol/l and 61 mmol/l, respectively. The dose of carnitine
was increased to 500 mg/24 h, and within few days, despite an
unchanged VPA dose, the lethargy disappeared and the level of
ammonium decreased to 12 mmol/l.

4. Discussion

VHA is a condition characterized by elevation of plasma level of
ammonium above 40 mmol/l. It may be asymptomatic or presents
as VHE.1 Mild and transient hyperammonemia (HA) occurs
frequently during VPA therapy.23 VHE is without clinical or
laboratory evidence of hepatotoxicity and can occur at normal
therapeutic VPA blood levels. The four patients were prescribed

Table 1
Major clinical symptoms of JNCL.4

� Visual impairment

� Regression of motor milestones

� Seizures

� Cognitive decline

� Dyspraxia

� Bradykinesi

� Hallucinations
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