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withdrawal of VPA. This emphasizes the importance of rapid 
diagnosis and treatment in order to prevent neurological 
damage. 

Case Report 

A 5-year-old boy was brought to the neurology clinic with 
history of frequent seizures since the age of 6 months. He was 
born at term and had normal milestones till 6 months of age, 
when he developed infantile spasms. He was treated elsewhere 
with adrenocorticotropin (ACTH) and VPA and, over 12 weeks, 
the spasms became infrequent. From the age of 3 years, the 
child started experiencing increased frequency of seizures in the 
form of sudden bilateral abduction of the arms and extension 
of trunk that would result in his falling over backwards. 
Some of the att acks were accompanied by eye blinking and 
tonic posturing of the limbs for up to 2 min. The frequency 
had gradually increased from 4–5/day to 10–12/ day over the 
last 4 months despite the addition of several AEDs. The child 
became progressively drowsy and lethargic, with alteration of 
his sleep–wake cycle, poor appetite, and impaired cognition. 
At presentation, the child was on AED polypharmacy, with 
daily doses of valproate 30 mg/kg, carbamazepine 25 mg/kg, 
topiramate 5 mg/kg, levetiracetam 75 mg/kg, phenobarbitone 
1.5 mg/kg, lamotrigine, 2.5 mg/kg, and clonazepam 1 mg/day. 
Magnetic resonance imaging (MRI) revealed right occipital 
gliosis. Sedated sleep electroencephalogram (EEG) showed 
very frequent right hemispheric and generalized spike-wave 

Introduction

Sodium valproate (VPA) is an eff ective fi rst-line antiepileptic 
drug (AED) that is commonly used in both children and adults 
with generalized and partial epilepsy syndromes because of its 
broad spectrum of activity.[1] Although VPA-induced hepatic 
dysfunction leading to encephalopathy is a well-recognized 
entity, less commonly the drug can produce encephalopathy 
of non-hepatic origin by producing hyperammonemia, and 
is called valproate-induced non-hepatic hyperammonemic 
encephalopathy (VNHE).[2,3] Delay in recognition of VHE 
can result in the development of potentially life-threatening 
complications.[2] Known risk factors for VNHE include AED 
polypharmacy, febrile conditions, and poor nutritional intake 
which are thought to deplete L-carnitine levels leading to 
hyperammonemia).[4–6] Since VPA frequently causes a modest 
rise in plasma ammonia levels which is asymptomatic, it is 
important to recognize the symptoms of VNHE promptly 
and to correlate them with the plasma ammonia levels. In 
addition, investigations to exclude previously unsuspected 
underlying metabolic disorders that may be responsible for 
the hyperammonemia is essential.[7,8] 

Although there are several reports of VNHE from the Indian 
subcontinent,[9–11] we feel it is important to highlight this entity 
for the benefi t of treating physicians. We report a child with 
VNHE who was on multiple AEDs, including topiramate 
and phenobarbitone. The encephalopathy reversed following 
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discharges, with absence of normal sleep activity [Figure 1a]. 
These fi ndings were suggestive of epileptic encephalopathy. 
Serum ammonia was 117 µmol/l (reference limit: < 35) and 
blood urea was 7 mg/dl (reference range: 15–45 mg/dl). The 
rest of the hematological and biochemical (renal, hepatic, and 
bone) profi les were within normal limits. Hyperammonemia 
secondary to valproate therapy, enhanced probably by 
topiramate and phenobarbitone combination was suspected. 

We immediately discontinued valproate and started tapering 
the doses of carbamazepine, topiramate, and phenobarbitone 
sequentially, with the plan to maintain the patient on 
lamotrigene and levitiracetam in the long term. A 10-day course 
of L-carnitine was also given. When reviewed 1 week later, the 
seizure frequency was only 4–5/day, appetite and sleep–wake 
cycle returned to normal, and the patient had become more alert 
and att entive. Plasma ammonia also came down to 43 µmol/l. 
A repeat EEG showed a signifi cant reduction of epileptiform 
discharges and a return of normal sleep activity [Figure 1b]. 
At the end of 3 months the child had gained 4 kg in weight, 
his seizure frequency had reduced to 2–3/day, and he had a 
normal blood urea of 25 mg/dl (reference range: 15–45 mg/dl). 

Discussion

Our patient had features of encephalopathy, such as lethargy, 
alteration of sleep–wake cycle, dulling of sensorium, frequent 
seizures, and loss of appetite. The presence of signifi cant 
hyperammonemia with normal liver function tests while on 
valproate therapy, and the reversal of hyperammonemia aft er 
discontinuation of VPA, confi rmed the diagnosis of VNHE. 
It appears that the patient developed VNHE following the 
addition of topiramate and phenobarbitone (about 6 months 
earlier) to his regimen of VPA, carbamazepine, levitiracetam, 
zonisamide, lamotrigine, and clonazepam,. Although AED 
polypharmacy itself can produce all the symptoms and signs 
of encephalopathy, such as lethargy, somnolence, ataxia, 
and cognitive dysfunction, this is unlikely in our patient 
since the abrupt withdrawal of VPA without simultaneous 
withdrawal of other AEDs resulted in prompt resolution of 
the encephalopathic features and improvement in EEG, along 

with a return of plasma ammonia to near normal levels. It 
was only over the next few weeks that the other AEDs were 
withdrawn sequentially. VPA treatment is known to ‘unmask’ 
undiagnosed (late-onset) metabolic disorders, including urea 
cycle defects,[7,8,12] organic acidemias,[8] and other metabolic 
disorders.[13] This is especially true in children[8,12,13] and, thus, 
symptomatic hyperammonemia at this age can be a pointer 
to one of these metabolic disorders.[8] In a metabolic defect, 
the nonspecifi c signs and symptoms of hyperammonemia 
are amplifi ed by precipitating events such as high protein 
intake, infection, and accidental injury.[8] Urea cycle defects 
and other metabolic disorders are unlikely to be the cause of 
hyperammonemia in our patient as there was no previous 
history of protein intolerance and no reported neonatal, 
adolescent, or adult deaths in the family. Respiratory 
alkalosis is a common presenting feature in the initial stages 
of hyperammonemia caused by urea cycle defects, while 
ketoacidosis is seen in hyperammonemia caused by an organic 
acidemia, another common metabolic disorder presenting as 
symptomatic hyperammonemia.[8] Since the pretest probability 
of an underlying metabolic disorder was low in our patient (as 
suggested by the absence of protein intolerance, etc.), we did 
not do an extensive metabolic workup in our patient. Moreover, 
since VPA is well known to produce hyperammonemia, 
especially in the sett ing of AED polypharmacy, we decided 
to fi rst withdraw VPA and assess response. The dramatic 
clinical and EEG improvement noted aft er withdrawal of 
VPA justifi ed our approach. We would have proceeded to 
investigate for underlying metabolic disorders had there been 
a less dramatic response. Also, virtually all reported cases 
of VNHE due to metabolic defects have had symptoms of 
an underlying metabolic disorder that predated the onset of 
the condition,[7,12,13] whereas our patient had previously been 
asymptomatic in that respect. We did not check serum VPA 
levels since there is litt le correlation between VPA level and 
clinical eff ect because of the variable absorption rate and short 
half–life of the drug.[14] Serum VPA level also poorly correlates 
with the occurrence of hyperammonemia.[6,11,15]

Ammonia is a by-product of the conversion of amino acids 
to α-keto acids, primarily via the Krebs-Henseleit urea 
cycle in the liver, where ammonia is converted to urea for 
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Figure 1: Sedated sleep EEGs: (a) before and (b) 1 week after withdrawal of VPA. (a) Frequent bursts of generalized spike, polyspike, and 
wave discharges can be seen. Sleep activity is absent. (b) There is marked reduction in epileptiform discharges. Sleep spindles can be seen
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subsequent excretion in the urine.[8] VPA inhibits carbamoyl-
phosphate synthetase I, the fi rst enzyme in the urea cycle, 
thereby hindering the excretion of ammonia and raising 
plasma ammonia levels. Concomitant use of other AEDs like 
topiramate[4–6] and phenobarbitone, as well as the use of certain 
antibiotics like pivmecillinam, may elevate the free (biologically 
active) fraction of valproate and lead to hyperammonemia.[16] 
Depletion or reduction of serum L-carnitine levels due to any 
cause may trigger VNHE.[17,18] VPA enhances urinary excretion 
of L-carnitine, leading to depletion of blood carnitine stores. [17] 

Topiramate is also known to deplete L-carnitine. Other risk 
factors for VNHE include young age, multiple neurological 
disabilities, and poor nutritional intake.[2,18] The low blood 
urea levels in our patient suggested poor nutritional intake. 
Hyperammonemia leads to an increase in the glutamine level 
in the brain, which produces astrocyte swelling and cerebral 
edema.[2] 

Although there is no consensus on the benefi ts of L-carnitine 
supplementation in children on VPA therapy, a Pediatric 
Neurology Advisory Committ ee in 1996 has provided the 
indications for L-carnitine supplementation in childhood 
epilepsy.[6] 

In conclusion, we have the following suggestions to make: 
1) Patients and their caregivers must be made aware of the 
entity of NVHE to facilitate early diagnosis and treatment; 
2) AED polypharmacy, especially VPA with topiramate and 
phenobarbitone, should be avoided, even when seizures 
are less than satisfactorily controlled; 3) In the setting of 
hyperammonemia, VPA should be immediately withdrawn; 
and 4) evaluation for underlying metabolic disorders need only 
be done when the response to VPA withdrawal is suboptimal or 
when there are clinical clues to the existence of these disorders; 
this approach may be cost-eff ective in our setup.
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