
Introduction
Valproic acid is a broad-spectrum anti-epileptic drug that

has been used in the treatment of different types of

partial and generalised epileptic seizure, bipolar and

schizo-affective disorders, neuropathic pain, as well as for

the prophylaxis of migraine headache.1

Valproic acid-induced encephalopathy is a rare

phenomenon. Search of local data also revealed very few

case reports of valproic acid-induced encephalopathy.2

This may occur in people with normal liver function, with

normal doses and normal serum levels of valproic acid.3

Increased free levels of valproic acid despite normal total

serum levels might explain the development of

hyperammonaemia.4 Encephalopathy is typically

characterised by acute onset of impaired consciousness,

focal neurologic symptoms and increased seizure

frequency.5,6

The rationale of our study was based on the frequent use

of valproic acid in our setting and lack of enough local

data regarding this serious but potentially treatable side

effect of valproic acid. We decided to conduct this study

on all patients with symptoms of valproic acid-induced

encephalopathy who presented to our department.

Patients and Methods
During the observational study which was conducted at

the Department of Neurology, Dow University of Health

Sciences, Civil Hospital, Karachi, all patients with epilepsy,

idiopathic or symptomatic, who were on valproic acid

therapy and developed encephalopathic symptoms and

signs, were followedup from February 26, 2010 to March

20, 2011. None of the patients had prior clinical evidence

of metabolic urea cycle disorder. Onset of

encephalopathic symptoms had close temporal

relationship with either the initiation of valproic acid

therapy or the escalation of its dose. Blood ammonia level,

serum valproic acid level, liver function test, cerebrospinal

fluid examination, electroencephalogram and brain

imaging of all patients were performed. 

Other causes of encephalopathy, like non-convulsive or

sub-clinical seizures, septicaemia, electrolyte imbalance,

uraemia, hepatic failure, thyroid disorders, vitamin B

deficiency, cerebrovascular insults, trauma, and other

drug toxicities were excluded after appropriate clinical

and laboratory investigations. 
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Objective: To observe clinical and laboratory features of valproic acid-induced hyperammonaemic encephalopathy
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Conclusion: Within therapeutic dose and serum levels, valproic acid can cause symptomatic hyperammonaemia
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Valproic acid was fairly rapidly withdrawn in all cases

compared to our usual routine withdrawal of the anti-

epileptic drug. Simultaneous alternative therapy

according to the seizure type was instituted. 

Patients who showed no signs of or slow recovery from

encephalopathic symptoms were treated mostly with L-

carnitine 100mg/kg/day for 10 days to reduce blood

ammonia levels. One patient was given sodium benzoate

for two weeks after consultation with the referring

paediatrician who sought our opinion to ascertain the

cause of encephalopathy.

Blood ammonia levels were re-checked approximately two

weeks after the discontinuation of valproic acid therapy.

Results were analysed on Microsoft Excell 2007. Using

SPSS version 16.

Scatter graphs were plotted between the values of serum

ammonia level and liver enzymes, dose of valproic acid

and serum ammonia level, serum valproic acid and serum

ammonia level.

Results
Out of 10 patients 3(30%) were female and 7(70%) were

male. All patients were on valproic acid; 3(30%) of them

were using one more antiepileptic; while 2 (20%) were

using two other antiepileptics along with valproic acid. 

Six (60%) patients were diagnosed cases of idiopathic

epilepsy. One (10%) patient had mental retardation with

epilepsy, the cause of which could not be determined. In the

rest of the three (30%) cases, causes for symptomatic epilepsy

were, sub-acute sclerosing panencephalitis, postencephalitic

sequel and myoclonic encephalopathy. The ages ranged

between 5 and 26 years, with a mean of 12.15±6.85 years.

Encephalopathic symptoms, including recent and

progressive change in cognition, sensorium or behaviour

in various combinations, were present in all the patients. 

Onset of encephalopathic symptoms after initiating

valproic acid or increase in its dose ranged between 2 and

21 days, with a mean of 7.8±6.4 days.

Dose of valproic acid ranged between 500-2000mg/day,

with a mean of 1250±635mg/day.

Serum valproic acid levels ranged between 10-100

microgram/ml with a mean of 60.48±38.3 microgram/ml.

Serum ammonia ranged between 167-619 microgram/dl

with a mean of 244±135.2microgram/dl.

The electroencephalograms of 5 (50%) patients showed

generalised slowing, whereas frontal intermittent

rhythmic delta activity was seen in one (10%) patient;

status epilepticus in one (10%) patient and it was normal

in the remaining three (30%) patients. 

Serum glutamic pyruvic transminase (SGPT) was normal

in 8 (80%) patients, while it was raised in 2 (20%) patients.

It ranged between 12-75 IU with a mean of 36.8±20.38 IU. 

Three (30%) patients improved only on the withdrawal of

valproic acid. Six (60%) patients received L-carnitine and one
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Figure-1: Relationship between rising serum ammonia and liver enzymes.

Figure-2: Relationship between Hyperammonaemia and dose of valproate.

Figure-3: Relationship between Hyperammonaemia and serum valproate levels.



(10%) patient received sodium benzoate for 2 weeks Blood

ammonia levels returned to normal value in 5 (50%) patients

and reduced to more than half of the baseline in two (20%).

Three (30%) patients with complete clinical recovery did not

turn up for followup blood ammonia levels. 

Relationship between SGPT and serum ammonia level

was also worked out. Rise in SGPT on the X-axis did not

occur with increasing level of serum ammonia on the Y-

axis (Figure-1).

Likewise, change in serum ammonia level on the Y-axis

did not correlate with the dose of valproic acid on the X-

axis (Figure-2).

The relationship between serum valproic acid and serum

ammonia level showed that hyperammonaemia on the Y-

axis reviewed within therapeutic level (less than

100microgram/ml) of serum valproic acid on the X- axis

(Figure-3).

Discussion
Changes in mental status are thought to be due to high

levels of ammonia. The brain ammonia concentration can

be high even when the serum ammonia level is normal.6

Hyperammonaemia can also cause encephalopathy by

inhibition of glutamate uptake by astrocytes.7

Clinical features of valproic acid-induced

hyperammonaemia range from asymptomatic5 patients

to increase in seizure activity8 and even death.9 Most of

the patients present with confusion, personality change,

irritability, ataxia, visual disturbance, lethargy, and

somnolence.10 They may also present with nausea,

vomiting, or hyperventilation. We did not observe

hyperventilation in any of the patients, but all of the other

features were present in various combinations in our

patients.

Patients with urea cycle disorders can also present with

hyperammonaemic encephalopathy. None of our

patients had premorbid clinical evidence of urea cycle

disorders like failure to thrive in neonatal period,

hyperactive behaviour or self injurious behaviour,

previous episodes of encephalopathy with repeated

vomiting, lethargy and delirium after high-protein diet,

exhaustion or febrile illnesses. Women who are carriers of

the urea cycle defect are at risk for developing

hyperammonaemia during the postpartum period.11

None of our patients had pre-existing mitochondrial

disorder. If a patient has a known mitochondrial disorder,

then valproate should be avoided, as the risk of

hyperammonaemic encephalopathy are high in these

patients.12

Though uncommon, a possible induction of non-

convulsive status epilepticus by valproate-induced

hyperammonaemic encephalopathy should be taken into

account and properly managed by the discontinuation of

the drug.13 This was the case in one of our patients: a 12-

year-old child, with history of two generalised seizures in

the preceding 6 months, but without any treatment,

presented with 8 days' history of recurrent seizures and

confusional state and inattentiveness during the interictal

period. Her electroencephalography (EEG) showed non-

convulsive status epilepticus during the interictal period;

magnetic resonance imaging of the brain, cerebrospinal

fluid (CSF) analysis, complete haematologic, metabolic

(including plasma ammonia) and serologic workup

turned out to be normal. She was loaded with phenytoin

with no appatrent clinical improvement. She improved

markedly clinically and electrophysiologically with

injectable valproic acid but 5 days later again developed

confusional state and vomiting. Repeat EEG showed runs

of generalised epileptiform discharges. SGPT and serum

valproic acid was normal but serum ammonia was 224.

Again, improvement was noticed after rapid withdrawal

of valproic acid and treatment with L-carnitine and

alternative anti-epileptic drug. 

Rarely, valproic acid-induced encephalopathy may also

occur without hyperammonaemia or hypocarnitinaemia.

EEG monitoring is an appropriate mean to diagnose this

adverse effect.14

Combination of phenobarbital, phenytoin and topiramate

may increase ammonia levels in people taking valproic

acid.6,15 All these drugs are also known to potentially cause

hyperammonaemia when administered alone as well.

In our study, the mean duration of the onset of

encephalopathic symptoms was 7.8 days. It usually occurs

within a few days of the administration of valproic acid, but

some subjects are known to develop valproate-induced

non-hepatic hyperammonaemic encephalopathy with

chronic therapy.16

The primary treatment for valproic acid-induced

encephalopathy is the withdrawal of valproic acid.

Complete recovery generally occurs over a period of 1 day

to a few days. Prolonged recovery times have also been

reported.2

Valproic acid inhibits the activity of carbamoyl phosphate

synthetase I, the first enzymatic reaction in the urea cycle,

thereby hindering the excretion of ammonia and raising

plasma ammonia levels. Carnitine is a carrier-type

molecule required for the transport and oxidation of fatty

acids in the mitochondria. Valproic acid is believed to
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interact with carnitine in such a manner that the renal

excretion of carnitine is enhanced.17 Also, valproic acid,

carnitine, and coenzyme A form intracellular complexes

resulting in reduction in fatty acid use for energy needs.18

In patients with severe urea cycle defects, sodium benzoate

can eliminate nitrogen independent of the urea cycle.19

In our study, rise in liver function was not observed with

hyperammonaemia. Previous studies also showed that

most cases of hyperammonaemia present with normal

liver function.20,21 Hyperammonaemia may commonly be

caused by liver failure. We, therefore, excluded the

possibility of this co-morbidity in our patients by proper

investigations.

The study also found that hyperammonaemia did not

directly correlate with the dose of valproic acid. However,

many researchers have shown that higher doses induce

the development of valproic acid-induced

hyperammonaemia.6,22

On the contrary, literature review showed that valproic

acid-associated hyperammonaemia was mostly found

with normal valproic acid serum levels,3 matching the

observations in our study.

Conclusion
Valproic acid-induced hyperammonaemic

encephalopathy is a serious but potentially treatable side

effect of valproic acid. It may develop within the

therapeutic dose and serum levels of valproic acid. It

should be considered in all patients who develop

encephalopathic symptoms while taking valproic acid. 
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