
Case report

Mrs M was a 37-year-old woman diagnosed with bipolar I

disorder when she was 22 years old. Mrs M was taken to a

psychiatric emergency unit 3 days after progressive

worsening, with insomnia, agitation, aggressiveness,

euphoria and at times anger, disinhibition, disorganised

speech, pressure of speech, and mystical, grandiose and

persecutory related delusions. She had no insight regarding

her clinical situation and refused to take any medication,

and was therefore involuntarily admitted to our psychiatric

unit.
Mrs M had been admitted to hospital previously as a

result of maniac episodes, once in 2003 and twice in 2006,

both related to non-adherence to treatment. She had been

taking medication for a number of years. Originally, she was

prescribed valproate semisodium (1000 mg/day for 10

months) and olanzapine, and no side-effects were reported.

Following the last time she was admitted to hospital in 2006

she had been stabilised on lamotrigine plus quetiapine,

although side-effects had prompted dose adjustment. Eight

months before the current admission to hospital the

patient quitted treatment and consultations and started a

homeopathic treatment as she wanted to become pregnant.

There was no history of substances misuse. In her medical

history the only other factor of note was the presence of

thyroid nodules with normal thyroid function and she was

not on medication. A year before her transfer to our unit she

had started a vegetarian diet with infrequent intake of fish

(once a week) and meat (once or twice a month).
On transfer to our unit (day 0), her initial therapeutic

regimen included risperidone 3 mg (once a day), valproate

semisodium 250 mg (twice a day) and lorazepam 1 mg (once

a day) plus 2.5 mg before bedtime. Valproate was increased

to 500 mg (twice a day) 3 days later. In the following days

Mrs M’s mood improved, although some lability was still

noted. An urge to move became apparent and the insomnia

persisted. Biperiden 4 mg (twice a day) and trazodone

100 mg (once a day) were started to address these issues.
The akathisia and insomnia soon improved.

On day 9 she presented lethargic, poorly responsive to
external stimuli and her pupils were wide. Vital signs were
normal and there was no muscle rigidity, tongue bites or
faecal/urine incontinence. She was transferred to the
emergency unit. The laboratory results were unremarkable,
with a normal complete blood count, glycaemia, renal
function, electrolytes, liver enzymes and albumin, except for
an elevated C-reactive protein level (5.02 mg/l) (normal
range: 0.01-0.5 mg/l). Arterial blood gases were also within
the normal range. Valproate levels were within the
therapeutic range (98.4 mg/ml), although close to the
upper limit (normal range: 50-100 mg/ml). Computed
tomography of the brain was normal. Within a few hours
Mrs M returned to our unit. Valproate was reduced to
750 mg/day (250 mg in the morning + 500 mg at night) and
biperiden to 2 mg (twice a day).

In the following days, Mrs M progressively improved
but there was still some fluctuating confusion, disorganised
thought and facial misidentifications. Valproate was further
reduced to 250 mg (twice a day) on day 14. She was seen by a
neurologist who did not find signs of a specific aetiology.

On day 16, Mrs M experienced visual hallucinations and
the next day she became obtunded. Blood tests were
performed (including calcium, creatine kinase and
ammonia) and were unremarkable except for the ammonia
level, which was 70.8mg/dl (normal range: 15-45 mg/dl).
Valproate was immediately stopped and lactulose initiated
(30 ml once daily; 10g/15ml twice a day). In addition,
risperidone was switched to quetiapine 400 mg. Gradual
improvement was evident over the next days. Ammonia
levels were measured every 2 days and normalised 4 days
after discontinuation of valproate (17.5mg/dl). Unfortunately,
an electroencephalogram was only possible on day 24 and
showed no abnormalities. Magnetic resonance imaging
(MRI) of the brain was also performed and showed small
T2-hyperintense areas bilaterally over frontoparietal white
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matter reflecting areas of gliosis, with no involvement in the
basal ganglia or the cerebellum.

On day 32, Mrs M was clinically stabilised and was
discharged home. Of note, Mrs M experienced temporary

amnesia while in the encephalopathic state and has no
recollection of what happened then.

Discussion

This case report describes an adult woman who, despite
uncomplicated valproate use 7 years previously and
present total serum valproate levels within the normal
range, developed valproate-induced hyperammonaemic

encephalopathy. This occurred less than 9 days after the
drug was restarted. When first suspected the dose of
valproate was reduced, but after a slight improvement the
woman’s condition deteriorated even further after 7 days
and at this time valproate was discontinued. The distinction

between psychotic symptoms of disorganisation and
delirium is often problematic, delaying the diagnosis, as
was the case with our patient.

Valproate-induced encephalopathy can present with
the following signs and symptoms:1

. acute-onset impaired consciousness level, disorientation,
shifting attention, memory impairment;

. visual hallucinations;

. tremor, ataxia, perseveration, vomiting;

. seizures, coma, death;

. raised ammonia level, normal routine tests (complete

blood count, renal function, electrolytes, inflammatory

markers).

In our patient the acute confusional state after
valproate initiation, its resolution after discontinuation, an

associated elevated ammonia level and the MRI findings
strongly suggest a causal relationship between valproate and
the encephalopatic state. But why did this happen at this
time? Were new factors present that could explain this
complication?

The hypothesised underlying mechanism of valproate-
induced hyperammonaemic encephalopathy, although not
completely understood in animal studies, indicates both
hepatic and renal involvement, with the former appearing to
have the major impact.1,2 Within the kidney, valproate and

its metabolites increase ammonia production by stimulating
the uptake of glutamine and glutamate, thereby resulting in
an increase in the renal venous release of ammonia.1 In
hepatic mitochondria, valproate binds to free carnitine and
co-enzyme A, decreasing their availability and ultimately
affecting the urea cycle and increasing ammonia levels.1,3

Within the brain, hyperammonaemia leads to higher
production of glutamine in astrocytes, which promotes
oedema and subsequent dysfunction.4

In previously reported cases, hyperammonaemia

mediated by valproic acid occured at both therapeutic and
supratherapeutic levels.5 This could be the result of
increased free valproic acid levels in the presence of
normal total valproic acid levels, which is routinely
measured. Free and total valproic acid levels share a linear
relationship when the total valproic acid level is in the low

therapeutic range, but at higher total valproic acid levels

there is an exponential rise.6 This could be related to

valproic acid binding site saturation in albumin, with a

further increase in total valproic acid levels causing a

disporportionate rise in free valproic acid. In this regard,

monitoring free valproic acid levels may be more useful, as

suggested by Modjtahedi.6

Possible risk factors for valproate-induced encephalo-

pathy include dietary restrictions, polypharmacy and

carnitine or urea cycle genetic disorders. Our patient had

a very low intake of meat and dairy products. In two

previously reported cases, the individuals were vegetarians.7

Animal protein is the source of carnitine for most people. In

general, 20-200 mg/day are ingested in people with an

omnivorous diet, whereas strict vegetarians may ingest

1 mg/day.8 Carnitine is also synthesised within the body in

small quantities.7

It has been previously reported that both strict

vegetarians and ovo-lacto-vegetarians have significantly

lower plasma carnitine concentrations and markedly lower

urinary carnitine excretion compared with a group with a

mixed diet.9 However, the authors found that plasma

carnitine levels, although lower than that in the controls,

were within the normal range (of interest, children

exhibited greater differences, possibly explaining the

more abundant literature reporting valproate-induced

encephalopathy in this population). Humans can synthesise

carnitine in small amounts, which combined with efficient

reabsorption by the kidneys (95%), is sufficient by itself to

prevent carnitine deficiency in otherwise healthy people.8

However, carnitine equilibrium may be overwhelmed in

susceptible people (e.g. vegetarians, who depend mostly on

carnitine biosynthesis) due to valproate binding to free

carnitine, ultimately leading to an increase in ammonia

levels in the blood.
Polypharmacy can also be a significant issue whenever

individuals are on medications that influence valproate

metabolism or transport. Valproate is highly bound to

albumin and is concentration dependent and inversely

correlated to free valproate.10 In a report of two cases,

risperidone was related to increased valproic acid levels in

the blood, possibly through competition for protein binding

sites.11 It was also speculated that lorazepam could interact

with valproate. Although there is evidence that valproate

affects lorazepam metabolism, whether the opposite is the

case is not so clear and this combination has long been used

with safety.12

Clinicians should be alert to the following factors when

considering a diagnosis of valproate-induced encephalopathy.

. Normotherapeutic valproate serum levels do not dis-
count valproate-induced encephalopathy.

. Uncomplicated valproate use in the past does not exclude
future complications.

. Accurate distinction between delirium and psychosis with
disorganised symptoms is paramount and should provide
clinicians with an early suspicion of encephalopathy.

. Valproate initiation and maintenance, and the con-

comitant use of other drugs should be scrutinised.

With increasing evidence relating to valproate and

encephalopathy in psychiatric settings, it should be current
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practice to assess and monitor individuals at higher risk

(Box 1) for this still uncommon but serious complication.
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Box 1 Possible risk factors for valproate-induced

encephalopathy

. Diet:

. vegetarianism5,11

. malnutrition, low caloric intake13

. high nitrogen load13,14

. parenteral nutrition15

. Urea cycle disorders16

. Immature hepatic function (infancy)17

. Hypoalbuminaemia

. Drug interactions:

. risperidone11

. phenobarbital18,19

. phenytoin19

. topiramate20

. aspirin21

. Age

. Complicating medical conditions:

. renal impairment

. neurological disorders15
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