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The use of valproic acid (VPA) (also known as Depakote, Depakene, and others) frequently results in
elevated plasma ammonia. In some people, hyperammonemia may be clinically significant, resulting in
hyperammonemic encephalopathy, which may be severe. Valproic acid-induced hyperammonemic encephalopathy may occur in people with normal liver function, despite normal doses and serum levels of
VPA. We describe 2 cases of valproic acid-induced hyperammonemic encephalopathy in patients with
supratherapeutic VPA levels, although the condition has been described in people with normal VPA levels. With the increasing indications and off-label uses of VPA, family physicians should be aware of this
potential complication of VPA and check ammonia levels in patients taking VPA who present with alterations in mental status. Treatment with L-carnitine may be beneficial in reducing ammonia levels. (J Am
Board Fam Med 2007;20:499 –502.)

Valproic acid (VPA) is effective in the treatment of
seizure disorders, bipolar disorder, migraine headache prophylaxis, neuropathic pain, restless legs
syndrome, dementia-related agitation, and social
anxiety disorder, among other conditions. VPA has
numerous drug interactions and toxicities; severe
toxicities include hepatic damage, pancreatitis, teratogenicity, thrombocytopenia, and hyperammonemia. Here we depict 2 case reports of VPAinduced hyperammonemic encephalopathy (VHE),
both occurring in patietns with no history of underlying liver disease. In one instance, the patient
was able to function, but with signiﬁcant cognitive
limitations. In the second case, the patient was
comatose. Both of the patients we describe also had
supratherapeutic VPA levels, but VHE is a welldocumented potential complication of the use of
VPA in the medical literature, and it may occur in
people with normal VPA levels.1 Because of the
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wide spectrum of symptoms associated with VHE,
physicians should consider hyperammonemia in
the differential diagnosis of any patient taking VPA
who shows changes in behavior, cognition, or orientation.

Case Reports
Case 1
A 51-year-old woman was transferred from a psychiatric hospital to an emergency department to
evaluate the recent deterioration in her mental status. She had been admitted to the psychiatric hospital for an exacerbation of posttraumatic stress
disorder and was placed on extended-release VPA
at 1,000 mg nightly. After 7 days of treatment she
was no longer responsive to verbal stimuli. Her
medical history was signiﬁcant for migraine headaches, posttraumatic stress disorder, and major depression. Her medications included topiramate (for
migraine prophylaxis), quetiapine, and VPA. In the
emergency department, she was nonresponsive to
verbal or painful stimuli; her vital signs were normal. Her pupils were equal at 5 mm and her ammonia level was 232 mol/L (N ⫽ 10 to 47); her
VPA level was 145 g/mL (N ⫽ 50 to 100); and
aspartate aminotransferase and alanine aminotransferase were normal at 17 IU/L and 19 IU/L, respectively. The remainder of laboratory tests, including all liver tests, were normal. For the ﬁrst 24
hours, the patient remained nonresponsive; her
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BRIEF REPORT

Case 2
A 29-year-old woman came to the emergency department for evaluation of altered mental status.
The patient complained of diminished short-term
memory, confusion, disorientation, hypersomnia,
and blurred vision for 2 to 3 weeks. She had arrived
at work that day appearing intoxicated (evidenced
by slurred speech, ataxia, and difﬁculty with concentration and memory). Her medical history was
signiﬁcant for obsessive-compulsive disorder and
bipolar disorder. She denied any recent use of alcohol. Her prescribed medications included VPA
1,500 mg/day, ﬂuvoxamine 400 mg twice a day, and
clonazepam 2 mg every night. The patient had
been taking VPA for 5 months before this admission and had tolerated it well, except for some
complaints of mild sedation. Seventeen days before
this admission, the patient had increased her VPA
from 1,000 to 1,500 mg/day. In the emergency
department, her vital signs were normal but her
speech was slurred and her responses were sluggish.
Examination was otherwise normal. A comprehensive metabolic panel (including liver tests) was normal. Her VPA level was 113 g/mL (N ⫽ 50 to
100) and her ammonia level was 182 mol/L (N ⫽
10 to 47). VPA was discontinued, and the next day
her VPA level was 112 g/mL and her ammonia
level was 80 mol/L. The day after that, our patient’s VPA and ammonia levels were 38 mg/mL
and 41 mol/L, respectively. She was discharged
with improving mental status. As an outpatient,
VPA was discontinued and replaced with topiramate and gabapentin, with good response and minimal adverse effects.
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Clinical Findings
Patients with VHE present with varying degrees of
cognitive and behavioral dysfunction. People may
be asymptomatic. One case report described a
young man with increased aggressiveness.2 Elderly
people may present with worsening dementia. Others may be comatose. Seizure activity may increase,3 and deaths have been reported.4
Other anticonvulsants may potentiate the effects
of VPA. Phenobarbital and phenytoin may increase
ammonia levels in peole taking VPA.5 The addition
of topiramate to VPA has precipitated VHE in
previously asymptomatic people.6 Topiramate has
been shown to inhibit the urea cycle and glutamine
synthetase activity, both of which are likely mechanisms in the development of VHE.6

Laboratory Findings
Barring other underlying liver disease, patients
with VHE may have no other laboratory derangements than an elevated serum ammonia. VPA levels
may be normal and do not necessarily correlate
with the degree of hyperammonemia or the severity of symptoms. Patients with a deﬁciency of ornithine transcarbamylase may have abnormal levels
of various amino acids, including increased levels of
gluatamine and alanine and low levels of citrulline,
arginine, and carnitine. Electroencephalograms
show generalized slowing and increased epileptiform discharges.

Treatment
The primary treatment for VHE is the withdrawal
of VPA. Complete recovery generally occurs over a
period of 1 day to a few days. Prolonged recovery
times have been reported.1
L-carnitine supplementation has been shown to
improve the symptoms of VPA related toxicities.
VPA causes decreased serum levels of carnitine.7,8
Deﬁciency of carnitine results in diminished mitochondrial function, with inhibition of the urea cycle
in the liver.9 In a retrospective chart review, administration of L-carnitine was associated with reduced
mortality in patients with severe VPA-induced hepatotoxicity.10 L-carnitine has also been shown to be
effective in reducing ammonia levels and in improving symptoms of hyperammonemia.11 It is
generally safe12 and may be given orally or intravenously at a dose of 50 to 100 mg/kg/day.
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ammonia level dropped to 179 mol/L with
maintenance intravenous ﬂuids and withdrawal
of VPA. Beginning day 2, 50 mg/kg/day of Lcarnitine was administered once daily by nasogastric tube. The next morning, our patient’s
ammonia level was 56 mol/L, her VPA level was
54 g/mL, and she began to respond to verbal
stimuli. Four days after admission from the
emergency department, the patient returned to
her baseline mental status. With the ammonia
level still slightly elevated at 57 mol/L, she was
discharged with instructions to discontinue VPA,
topiramate, and to continue the L-carnitine for
10 days at 50 mg/kg/day.
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The development of VHE in patients treated
with VPA may unmask underlying heterozygous
deﬁciency of ornithine transcarbamoylase, another
enzyme in the urea cycle.16 This X-linked disorder
occurs in approximately 1 of 30,000 women. Laboratory ﬁndings suggestive of ornithine transcarbamoylase deﬁciency include elevated urine levels
of orotic acid; elevated blood levels of ammonia,
glutamine, and alanine; and low levels of citrulline.
Most cases of VPA-induced hyperammonemia,
however, occur in people without a known enzyme
deﬁciency.
The mental status change associated with hyperammonemia is not fully understood. However, a
likely mechanism is that hyperammonemia stimulates increased glutamine synthetase activity, causing increased production of glutamine in astrocytes. Cerebrospinalﬂuid and blood levels of
glutamine may be elevated in conjunction with hyperammonemia.17 Glutamine in astrocytes causes
an osmotic shift of ﬂuid into the astrocytes, producing astrocyte swelling and cerebral edema.18

Conclusion
VHE is a potentially serious consequence of the use
of VPA; physicians should consider this possible
cause of changes in mental status in patients treated
with VPA. Mental status changes in patients, with
the addition of a second anticonvulsant (especially
topirimate), should prompt consideration of hyperammonemia. Patients with VPA-induced hyperammonemia may be asymptomatic, may have behavioral changes, or may have marked deteriorations in
their level of consciousness. Deaths have been reported. The primary therapy is withdrawal of VPA;
L-carnitine supplementation may decrease ammonia levels and improve symptoms.
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Pathophysiology
Although VHE is rare, VPA frequently causes a rise
in serum ammonia levels, usually resulting in
asymptomatic hyperammonemia. Several studies
have shown elevated ammonia levels in a large
percentage of asymptomatic patients on VPA.13 In
one study, ammonia levels were measured in 55
patients taking VPA and 12 patients taking other
anticonvulsants. Twenty-nine of the 55 patients
receiving VPA had elevated ammonia levels, but
none of the patients receiving other anticonvulsants
had elevated levels.4 There are currently no speciﬁc
recommendations for screening people for asymptomatic hyperammonemia, nor are there any
known consequences.
The metabolism of ammonia occurs primarily
through the urea cycle. Ammonia is a by-product of
the conversion of amino acids to ␣-ketoacids. In the
liver, ammonia is converted to urea, which is then
excreted in the urine. VPA 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.
The relationship between VPA and carnitine
and the subsequent development of hyperammonemia is not completely understood. VPA reduces
levels of carnitine by 2 methods. Structurally, VPA
is a short, branched-chain fatty acid. Carnitine is a
carrier-type molecule required for the transport
and oxidation of fatty acids in the mitochondria.
VPA is believed to complex with carnitine in such a
manner that the renal excretion of carnitine is enhanced.14 In addition, VPA, carnitine, and coenzyme A form poorly productive intracellular complexes that have 2 negative effects. The ﬁrst is a
reduction in fatty acid use for energy needs. Because cellular energy demands remain constant
there is likely an increase in compensatory amino
acid oxidation and a subsequent increase in the
production of nitrogenous waste. The second effect
is caused by the binding of VPA to coenzyme A,
which is required for the formation of N-acetylglutamate, a powerful allosteric activator of carbamoyl
phosphate synthetase I and critical to the regulation
of nitrogen ﬂux toward its appropriate metabolism.15 Collectively, these actions of VPA provide
the basis for the development of clinically signiﬁcant hyperammonemia and offer an explanation for
the palliative effect of administered L-carnitine.
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