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In 1980 Coulter and Allen (1) reported the first case of
hyperammonemia, to our knowledge, with otherwise nor-
mal hepatic function tests in a child with epilepsy treated
with valproic acid. Since that time, there have been several
additional case reports and studies within the neurology
literature that have established hyperammonemia with
otherwise normal hepatic function as a potential side ef-
fect of valproic acid, especially in children and adoles-
cents (2). Settle (3) published the first case of hyperam-
monemia, to our knowledge, in a psychiatric setting in
1995. Several additional cases have followed it. Unfortu-
nately, to date, to our knowledge, there has only been one
prospective study published within the psychiatric litera-
ture (4).

We present here a patient’s history that illustrates how
the symptoms of a psychiatric disorder might make the di-
agnosis of hyperammonemic encephalopathy difficult.

Case Presentation

problems, specifically seizures or unexplained changes
in level of consciousness. Her medications included a flu-
ticasone and salmeterol combination inhaler b.i.d., an
albuterol and ipratropium combination inhaler four
times a day, and furosemide, 20 mg/day, all of which ap-
peared to be controlling her pulmonary and cardiac
problems.

Following the death of her mother, Ms. A required in-
voluntary admission to the psychiatric unit of a local hos-
pital. During her stay there, her antipsychotic regimen
was increased to include three medications: risperidone,
3 mg b.i.d.; fluphenazine, 15 mg b.i.d.; and quetiapine,
400 mg at bedtime. However, according to transfer
records, Ms. A never reported a lessening in her auditory
hallucinations and was never able to perform her own
activities of daily living independent of the nursing staff.
She was transferred to our facility for refractory psycho-
sis after 1 month of unsuccessful inpatient treatment.

Upon transfer, Ms. A’s weight was 61.8 kg. She was di-
sheveled and showed little evidence of self-care. She
continued to report auditory hallucinations, frequently a
running conversation that was giving negative descrip-
tions of her and her behavior. She also exhibited a loos-
ening of associations and a labile affect with outbursts of
either tears or laughter that were incongruent with her
reported mood. However, she was fully oriented and
able to describe her treatment options and was deemed
to still have capacity to give informed consent for medi-

cations. She requested to restart val-

“Ms. A” was a 45-year-old woman
with schizoaffective disorder, bipolar
type, beginning in her teens. Her psy-

“Studies are needed to

proic acid and to take risperidone as
her only antipsychotic, a combina-
tion that had worked well for her

chiatric history included multiple prior de[ermine, .. [he during a prior hospitalization in our
hospitalizations for psychosis. Over the facility. Her antipsychotic regimen
years, she had been stabilized with Prevalence Of was reduced to risperidone, 3 mg
hroic acid, During her most recens has. asymptomatic Ganiaed thowshts and suditery hale
pitalization, about 1 year earlier, she hyperamm0nemia cinations. Valproic acid, 1000 mg

had been stabilized with carbama-
zepine and risperidone. She had done
well with this combination until her
mother passed away 6 months before

had also been her primary caregiver
and was the best source of information
about her psychiatric history. Follow-
ing her death, Ms. A’s brother assumed

among those in long-
term treatment with
her current admission. Her mother valproic acid, its impact
on cognitive function,
and what treatments

(16.2 mg/kg) every evening, was
added for mood stabilization and
was increased 3 days later to 1500
mg (24.3 mg/kg) every evening.

For the first six days of hospitaliza-
tion at our facility, Ms. A was cooper-
ative and improved in her level of
self-care. However, by day six, she be-
came agitated and required emer-

some responsibilities for her, including I’}’llghl’ reduce any gency antipsychotic medication to
informed consent to give medications . f ) maintain her own safety. She also ap-
when she lacked the capacity. lmpac . peared confused at times and was no

Her medical history was significant

longer able to participate in the ward

for chronic obstructive pulmonary dis-

ease and poorly controlled high blood pressure with as-
sociated dilated cardiomyopathy. Although her history
included congestive heart failure during an episode of
pneumonia, an echocardiogram during this admission
revealed an ejection fraction of 40% and well-compen-
sated heart failure. She had no history of neurological
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milieu. Her brother was then ap-
pointed as her legally authorized representative for in-
formed consent for medications. On the 10th day of hos-
pitalization, she had her first episode of severely
decreased level of consciousness. She was found by staff
lying on her bed. She was unresponsive but her eyes
were blinking slowly, foam was in her mouth, and she
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had bladder incontinence. There was no evidence of a
tongue bite. She was transported to the nearest emer-
gency room to be evaluated for a possible seizure. An
evaluation in the emergency room found a suprathera-
peutic valproic acid level of 141 ug/ml, but otherwise Ms.
A was awake, responsive, laughing at times, and ap-
peared psychotic to the emergency room staff. She was
diagnosed with a pseudoseizure and returned to the psy-
chiatric ward. Her valproic acid dose was reduced to
1000 mg/day.

About 12 hours after returning from the emergency
room, her roommate witnessed another possible gener-
alized seizure, described as “shaking all over.” Ward staff
found Ms. A lying in bed with her eyes open but unre-
sponsive and with loud labored breathing. She again had
foam in her mouth and was difficult to arouse. She ap-
peared confused and lethargic, and she vomited when
staff raised her to a seated position. She was again trans-
ported to the emergency room, and this time she was
admitted to an internal medicine service for evaluation
of repeated episodes of loss of consciousness. She under-
went a brain computerized tomography scan without
contrast, which was normal. Her laboratory studies, in-
cluding a CBC, liver function tests, levels of serum glu-
cose, protein, albumin, cardiac enzymes, and electro-
lytes, including sodium, were normal. A cardiology
consult, which included an ECG, found no evidence of
current congestive heart failure and no cardiac involve-
ment in her altered level of consciousness. Furosemide
was subsequently discontinued. A neurology consultant
diagnosed Ms. A with “two episodes of unresponsiveness
of unclear etiology” and stated, furthermore, that “her
history of schizophrenia may be related to the events.” A
brain magnetic resonance imaging (MRI) and echocar-
diogram were recommended. However, Ms. A refused
the MRI, and she pulled the EEG electrodes off of her
scalp. After two days in the internal medicine service, Ms.
A had no further episodes of altered consciousness and
was transferred back to the psychiatric ward.

Over the next seven days, Ms. A’s thoughts remained
disorganized, and she was unable to participate in the
milieu. She exhibited fluctuating confusion and disorien-
tation, and she also began to complain of “seeing devils
and angels on my shoulder” in addition to her continued
auditory hallucinations. Her trough valproic acid level 1
week after the previous supratherapeutic check was
therapeutic at 114 pg/mil.

Three weeks after starting valproic acid and 2 weeks af-
ter her first documented episode of altered conscious-
ness, a venous serum ammonia level was checked and
found to be 445 pg/dl (reference range=19-87). Valproic
acid was immediately discontinued, and Ms. A was given
a one-time dose of lactulose, 60 mg. Twenty-four hours
later, her ammonia level was 158 ug/dl, and it normal-
ized to 49 ug/dl 4 days later. It was normal throughout
the rest of her remaining 2 months in our hospital. Addi-
tionally, her fluctuating level of consciousness resolved
with the reduction in her hyperammonemia and did not
return during her hospitalization. Ms. A no longer com-
plained of visual hallucinations or disorientation but re-
mained disorganized and exhibited mood lability. She
was then treated with another mood-stabilizing medica-
tion, which she tolerated better. She continued to take
risperidone without further hyperammonemia. She was
not rechallenged with valproic acid during her hospital-

Am | Psychiatry 164:7, July 2007

CLINICAL CASE CONFERENCE

ization. As she recovered, she was able to provide some
additional history. She reported no prior history of sei-
zures, and her brother confirmed this statement. She did
tell the treatment team that she had recently become a
strict vegetarian, but her brother could not verify this his-
tory. Additionally, her brother reported no family history
of known inborn errors of metabolism, such as boys dy-
ing in infancy suspected for X-linked ornithine transcar-
bamylase deficiency, and no family members with a
history of seizures or unexplained altered levels of con-
sciousness.

A Literature Review of Hyperammonemia
Due to Valproic Acid

MEDLINE was searched from 1966 to March 2007. The
MeSH headings were “valproic acid,” “encephalopathy,”
and “hyperammonemia.” Bibliographies of identified arti-
cles were further reviewed. There was extensive literature
on this phenomenon within pediatric neurology, but our
review focused on studies involving valproic acid in a psy-
chiatric setting. There were no limits placed on the age of
the patient. Direct contact was attempted with the authors
of the pediatric studies for any additional unpublished
material. There were no randomized or blinded studies
found within the psychiatric literature.

The Only Cohort Study on
Hyperammonemia

To our knowledge, only one prospective study has been
conducted on hyperammonemia due to valproic acid in a
psychiatric setting. In it, Raja and Azzoni (4) assessed con-
secutive adult patients who were admitted to a psychiatric
unit and treated with a mood stabilizer for the presence of
hyperammonemia. They found that 51.2% of the patients
receiving valproic acid (N=123) had asymptomatic hyper-
ammonemia (level >97 pg/dl) as did 21.7% in the control
arm (N=23), which is a greater prevalence than that found
in a pediatric neurology study they referenced (5). Raja
and Azzoni (4) also found a positive correlation between
valproic acid serum concentration and ammonia level.
The mean ammonia level was higher in the valproic acid
group than the control group, and liver function remained
normal in the patients with elevated ammonia. Instead of
discontinuing valproic acid use upon the discovery of hy-
perammonemia, they only lowered the dose. This reduc-
tion in dose always resulted in a reduction in ammonia
level for their patients. However, the authors gave no spe-
cific data for these comments. They surmised that com-
plete withdrawal of the medication is warranted in only
the most severe cases of side effects. Raja and Azzoni also
note that mental status changes due to valproic acid are
difficult to distinguish from worsening psychosis or mania
or even from a therapeutic response. They conclude with
recommendations to monitor both liver function and
serum ammonia in patients taking valproic acid to assist
in the early detection of adverse effects (4).

Raja and Azzoni attributed the higher prevalence of hy-
perammonemia than that found in pediatric neurology
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populations to either the age difference itself, the presence
of other psychotropic medications, or alcohol intake in
their population. However, the study the authors cite by
Bohles et al. (5) was designed to look at carnitine supple-
mentation instead of screening for the prevalence of hy-
perammonemia. Raja and Azzoni (4) cite several limita-
tions to their study, including the nonrandom assignment
of patients, the lack of blinded assessment, the lack of stan-
dardized assessment, a small control group, each variable
being measured multiple times, and no screening for
heavy alcohol use. Some additional limitations included a
lack of assessment for risk factors for hyperammonemia,
no stratification based upon length of use of valproic acid,
no comment on possible symptoms due to hyperammone-
mia, and blood levels being drawn only one time close to
admission. Thus, although this study gives an initial indi-
cation that some psychiatric patients develop hyperam-
monemia, the authors were unable to comment on the im-
portance of this finding, the possible risk factors that might
explain its presence, or the impact of it on patients.

Case Reports of Encephalopathy

The 11 case reports of symptomatic hyperammonemia
in a psychiatric setting are listed in Table 1. They describe
14 patients with various psychiatric disorders, demonstrat-
ing both Food and Drug Administration approved and off-
label uses of valproic acid. In one case, valproic acid was
prescribed as a prophylaxis against seizures in clozapine
therapy (6). A patient in one of the reports had epilepsy,
which was stable and being treated with phenytoin when
valproic acid treatment began (7). In reporting plasma val-
proic acid and ammonia levels in milligrams and milli-
moles instead of micrograms and micromoles, respec-
tively, the case report by Stewart placed data for both one
thousand times outside of the normal range (7). None of
the studies specified the form of valproic acid prescribed.

The authors of three of the cases identified potential risk
factors from their patients’ histories. In one of these stud-
ies, Raby (8) noted that both patients had been vegetarians
before their treatments, which the author linked to de-
creased carnitine levels. Kimmel and colleagues (9) hy-
pothesized that polypharmacy played a role in their pa-
tient’s hyperammonemia, specifically an interaction
between lorazepam and valproic acid. Many of the writers
speculated, however, that perhaps their patients had an
undiagnosed underlying genetic disorder placing them at
risk for hyperammonemia, such as a urea cycle disorder or
a carnitine disorder. Only one of the patients in the case
reports was tested for evidence of a urea cycle disorder,
and the tests were negative (6). In four of the other cases,
most of the patients’ medical or psychiatric histories were
not known at the time of treatment. Their risk factors were
listed as “Unknown” in Table 1 (3, 6, 10, 11). These were
also four of the five patients who developed a coma.

Reported symptoms due to hyperammonemia in most
of the cases involved confusion, lethargy, and other symp-
toms of encephalopathy. No authors found any evidence
of hepatic injury or failure in their patients. Five of the 14
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patients developed a coma (3, 6, 10-12). Four of these five
comatose patients required intubation and admission to a
medical intensive care unit. Three were first seen in the
emergency room for severe mental status changes (6, 10,
11). The two remaining patients that developed a coma
were being treated on an inpatient psychiatric unit (3, 12).
However, the physicians there were not their primary psy-
chiatrists, and the history of at least one of the two was
“obscure” (3).

All but one of the 12 patients recovered from encepha-
lopathy less than 2 weeks after initiating treatment for it,
usually within a few days. The two patients who were
maintained with valproic acid and were treated with car-
nitine supplementation improved after 10-14 days (8).
The one patient in which encephalopathy did not resolve
within 2 weeks remained in an intensive care unit for 26
days, but this case was also complicated by simultaneous
diabetic ketoacidosis (6). This patient was also the only
one given an antibiotic—neomycin—specifically as a
treatment for hyperammonemia to reduce bacterial pro-
duction of ammonia in the gastrointestinal system.

Symptoms of Valproic Acid-Induced
Hyperammonemia

The prevalence of symptomatic hyperammonemia
leading to encephalopathy from valproic acid is unknown
but thought to be quite rare in adults. Case reports on
adults are almost always in specific at-risk populations or
circumstances. The symptoms accepted within the neuro-
logical literature for encephalopathy induced by valproic
acid include acute onset of impaired consciousness and
lethargy, focal neurological signs or symptoms, and in-
creased seizure frequency (16). Other reported symptoms
include asterixis, vomiting, perseveration, aggression,
ataxia, and eventually coma and death (1, 17). EEG find-
ings, performed in a few patients with preexisting epi-
lepsy, included a pronounced general slowing, an increase
in epileptiform discharges, and possibly the presence of
triphasic waves (16, 18).

There remains controversy as to whether these symp-
toms have any relationship to daily dose or plasma con-
centration of valproic acid. Multiple studies, a few ran-
domized but most of them cohort studies, have searched
for a correlation between dose of valproic acid or plasma
valproic acid concentration and serum ammonia levels.
The results are mixed. Hyperammonemia occurs at both
therapeutic and supratherapeutic concentrations of val-
proic acid, implying that other factors often influence the
development of symptomatic hyperammonemia. There
also appears to be no reassurance in prior safe treatment
with valproic acid. According to Verrotti et al. (16), symp-
toms of encephalopathy may develop in someone who
has previously taken it without complication.

Our patient exhibited many symptoms consistent with
encephalopathy, including an acute change in her level of
consciousness, confusion, nausea, and vomiting. After be-
ginning valproic acid, several cues arose that encephalo-
pathy might have been superimposed over her psychosis.
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TABLE 1. Characteristics of Case Reports of Symptomatic Hyperammonemia Due to Valproic Acid Therapy in a Psychiatric

Setting
Maxi-
mum
Length of Daily
Valproic Dose of Valproic  Ammonia
Acid Valproic Acid Peak
Author Age Diagnosis Treatment Acid Level? (Serum)®  Symptoms Risk Factors Treatments
Settle (3) 57  Bipolar disorder 7 days Not given 108 ug/ml 134 ug/dl Coma Unknown Intubation, no
others described
Nicolai et al. (6) 33  Schizophrenia 4 years 1000 mg 30 ug/ml 991 ug/dl Coma Unknown Intubation, lactu-
lose, neomycin,
valproic acid
stopped
Stewart (7) 79  Schizophrenia, 2 days 2250 mg 48,500 151,571 Lethargy, None noted Lactulose, protein
epilepsy pg/mlc pg/dI€ confusion restriction, val-
proic acid stopped
Raby (8) 24 Borderline 10days 1000 mg 129pg/ 173 ug/dl Lethargy, Vegetarian Carnitine, valproic
personality ml nausea acid decreased
disorder, major
depression
38 Bipolar disorder 6 months 1000 mg  10.5ug/ 172ug/dl Lethargy Vegetarian Carnitine
ml
Kimmel etal. (9) 50 Schizoaffective 4 years 1250 mg 88 ug/ml 242 ug/dl  Possible Polyphar- Lactulose, valproic
disorder seizure macy acid stopped
Elgudin et al. 35 Bipolar disorder, Unknown 1500 mg 100 ug/ml 83 (units Coma Unknown Intubation, val-
(10) anxiety disorder, not given) proic acid
alcohol stopped
dependence
Barrueto and 41  Bipolar disorder 3years Notgiven 73.5ug/ 642 pg/dl Coma Unknown Carnitine, lactu-
Hack (11) ml lose, valproic
acid stopped
Eze et al. (12) 69  Bipolar disorder 4 days 750 mg  107.2 ug/ 244 pg/dl Coma None noted Naloxone, lactu-
type 2, ml lose, valproic
benzodiazepine acid stopped
dependence
Pannikkar and 53  Bipolar disorder, 5 days 1750 mg 107 ug/ml 135 ug/dl  Lethargy, None noted Valproic acid
Gilman (13) alcohol confusion decreased
dependence
23 Schizoaffective dis- 14 days 1500 mg 70-80 ug/ 329 ug/dl Confusion None noted Lactulose, valproic
order, alcohol ml acid stopped
dependence,
cocaine abuse
Yehya et al. (14) 9 Intermittent explo- 7 months 1500 mg 113 ug/ml 127 ug/dl  Violence, None noted Valproic acid
sive disorder confusion stopped
Carlson et al. 11 Asperger’s syn- Afewdays 750 mg 87-90 213 (units Mania, Polyphar-  Valproic acid
(15) drome, atten- (units not  not given) aggression macy stopped
tion deficit hy- given)
peractivity
disorder (ADHD)
11 ADHD, epilepsy, Long Not given 71 (units 113 (units Mania, Polyphar-  Risperidone and
psychosis term, not not given) not given) aggression macy valproic acid
reported stopped

a Converted to pg/ml for comparison.
b Converted to pg/dl for comparison.

¢ In the original article, these values were reported as 48.5 mg/ml of serum valproic acid and 89 mmol/liter serum ammonia, both of which

are 1,000-fold above the standard range.

Her confusion and disorientation exhibited a fluctuating
course and were more consistent with delirium than dis-
organized psychosis. Her hallucinations changed, becom-
ing visual in addition to auditory. Additionally, our pa-
tient’s symptoms of frothing at the mouth, incontinence,
and a decreased level of consciousness on two occasions
were consistent with possible seizures. Unfortunately, no
EEG during this time period was obtained. There is only
one other case report in the English literature, to our
knowledge, of a possible seizure due to hyperammonemia
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from valproic acid in a patient without an underlying sei-
zure disorder. It is also from a psychiatric setting, and no
EEG was obtained in that case either (9).

Proposed Mechanisms of Action

Various etiologies for hyperammonemia induced by
valproic acid have been explored, but it is still not com-
pletely understood. Animal studies have found both a re-
nal and hepatic role, with the latter appearing to be the
dominant source (16, 19). In the kidney, valproic acid and
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FIGURE 1. Potential Liver Mechanisms That Lead to In-
creased Serum Ammonia Levels?
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2 In hepatic mitochondria, valproic acid is believed to cause an accu-
mulation of ammonia by reducing free carnitine and co-enzyme A,
which bond to valproic acid and are then either renally excreted or
sequestered in the mitochondrial matrix. Loss of carnitine prevents
importation of long-chain fatty acids into the mitochondrial matrix
for metabolism. Loss of co-enzyme A prevents the beta-oxidation of
fatty acids into acetyl-co-enzyme A, which is a substrate of N-acetyl-
glutamate, the required activator of the initial enzyme in the urea
cycle.

its derivatives are thought to affect renal uptake of
glutamine, which increases ammonia production (19).
The potential mechanisms within the liver that lead to in-
creased serum ammonia are depicted in Figure 1 (16, 20).
These actions in the liver ultimately affect the urea cycle,
which is shown in Figure 2. An association between en-
cephalopathy induced by valproic acid and genetic im-
pairment in the urea cycle was described in the pediatric
neurology literature, the age when most of these genetic
disorders are first recognized (21). In 2002 the Food and
Drug Administration added a contraindication into the
package insert of valproic acid against the use of it in pa-
tients with known urea cycle disorders and also a warning
of the possibility of hyperammonemia in the presence of
normal liver function tests (22).

Brusilow (23), in a narrative review on hyperammone-
mia, summarized how ammonia is thought to cause en-
cephalopathy. Within the CNS, increased ammonia leads
to higher production and accumulation of glutamine
within astrocytes. This increased intracellular glutamine
leads to cerebral edema and astrocyte dysfunction. The
mechanisms by which the brain is thought to compensate
for astrocyte swelling in chronic hyperammonemia in-
clude decreased osmolarity and thus edema by down-reg-

1024

ajp.psychiatryonline.org

FIGURE 2. Valproic Acid and the Urea Cycle?
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a N-acetyl-glutamate, which valproic acid is thought to deplete, is a
required activator of carbamoyl phosphate synthetase I. Enzymes
of the cycle are the following: 1) N-acetyl-glutamate synthetase, 2)
carbamoyl phosphate synthetase 1, 3) ornithine transcarbamylase,
4) argininosuccinate synthetase, 5) argininosuccinate lyase, and 6)
arginase. Both ornithine and citrulline are transported across the
mitochondrial membranes.

ulation of myo-inositol, increased brain tissue compli-
ance, and mild to moderate brain atrophy (23).

Asymptomatic Hyperammonemia

Valproic acid has been associated with chronic asymp-
tomatic hyperammonemia. Several early studies demon-
strated the presence of asymptomatic hyperammonemia
in epileptic patients treated with valproic acid (24). Several
cohort studies in the neurological literature examined the
prevalence of asymptomatic hyperammonemia in pa-
tients taking valproic acid. One early study by Murphy and
Marquardt (25) found a 53% prevalence among pediatric
patients taking valproic acid for various seizure disorders
versus a prevalence of zero among their control subjects. A
later study by Altunbasak et al. (2) found much lower rates:
5.6% of those taking valproic acid alone and 16.2% of
those receiving polypharmacy among a pediatric popula-
tion. Various authors attribute this prevalence range in the
neurological literature to differences in the age of patients,
polypharmacy, normal diurnal variation in serum ammo-
nia, and the timing of blood drawn in relation to meals. Al-
though the majority of studies have been done in pediatric
populations, one smaller study on adults with mental re-
tardation found asymptomatic hyperammonemia in 11 of
19 patients (58%) (26).

Risk Factors

In the neurological literature, prospective studies and
case reports identified several possible risk factors for hy-
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perammonemia. The focus was placed on urea cycle dis-
orders, infancy (immature hepatic function), and car-
nitine deficiency due to either genetic abnormalities or
dietary restrictions (21). Other researchers have focused
on the effects of nutritional intake, polypharmacy, and
complicating medical conditions. Studies found increased
serum ammonia while subjects were taking valproic acid
with either low caloric intake, higher nitrogen load (27), or
possibly increased carbohydrate intake (28). Within the
neurological literature, instead of general medical condi-
tions, the focus was on the coexistence of multiple neuro-
logical problems or the need for parenteral nutrition (29).
Any medical conditions that lead to a poor nutritional sta-
tus or a catabolic state were also thought to put patients at
risk for hyperammonemia. This risk factor was thought to
act through carnitine deficiency. Poor nutrition or an idio-
syncratic diet is common among people with severe men-
tal illness, and our patient reported impulsively becoming
a vegetarian as her mental health deteriorated in the
months just before her hospitalization.

A well-established risk factor for hyperammonemia in
the neurological literature is the combination of valproic
acid with other antiepileptic medications, particularly
phenobarbital and phenytoin. Initial studies in the early
1980s identified a link between administration of phe-
nobarbital and valproic acid (30) and the administration
of valproic acid with phenobarbital and/or phenytoin
(31). The mechanisms of action are not well understood
but are thought to be related to either an increase in the
production of toxic valproic acid metabolites through
beta-oxidation or a synergistic effect on the urea cycle
(31). Case reports have also raised the possibility of an in-
teraction between the effects of valproic acid and topira-
mate that leads to hyperammonemia, particularly topira-
mate’s inhibition of glutamine synthetase in the CNS (32).

In Table 1, the most recently published case report im-
plicates an interaction between valproic acid and risperi-
done that raises plasma levels of valproic acid, possibly
through competition for protein binding sites in the
blood, and thus increases the risk of hyperammonemia
(15). Although the U.S. prescribing information for dival-
proex sodium does not list this interaction (33), it is de-
scribed in the package insert for risperidone. There, a
study shows that this combination had no effect upon av-
erage plasma concentration or exposure (area under the
curve) of valproic acid but did raise the peak concentra-
tion (Cmax) of valproic acid by 20% (34). However, the ef-
fect of this exposure to a higher peak plasma level of val-
proic acid has not been fully elucidated, and some studies,
in fact, dispute the clinical significance of this interaction
(35). Our patient was also taking this combination and had
done so while previously at our hospital without compli-
cation. At a weight of 61.8 kg, our patient received an ini-
tial dose of 16.2 mg/kg/day of valproic acid, which is 1.2
mg/kg/day above the recommended initial dose range.
Her valproic acid level was supratherapeutic when initially
checked. Both her initial dose and plasma level exceeded
those recommended by the manufacturer (110 ug/ml
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maximum in women) and might have played a role in her
hyperammonemia. However, her maximum dose of 24.3
mg/kg/day was well below the recommended maximum
dose of 60 mg/kg/day. Additionally, her encephalopathy
persisted after her valproic acid dose was lowered. Her
plasma levels appear higher than one might expect for her
weight and initial loading doses of valproic acid, and thus
an unrecognized variable or risk factor might be influenc-
ing them, such as an underlying carnitine deficiency.

Clearly, further study is needed on all potential interac-
tions of valproic acid with psychotropic medications and
on other risk factors that might raise valproic acid or am-
monia levels. All patients with symptomatic hyperam-
monemia reported in the psychiatric literature were re-
ceiving other medications, psychotropic or otherwise,
during treatment.

Treatments

Various treatments for hyperammonemia induced by
valproic acid have been tried, including those derived
from the treatment of hepatic encephalopathy, such as
lactulose or neomycin. Because one way that valproic acid
is thought to cause hyperammonemia is by depleting he-
patic carnitine, its replenishment might be a treatment
specific for encephalopathy induced by valproic acid. Ac-
cording to a consensus panel of pediatric neurologists,
there is an association of decreased serum carnitine level
with long-term valproic acid administration (36). How-
ever, the panel also recognized that carnitine is mostly
stored in muscles and sole reliance on a serum level of car-
nitine cannot diagnose a true deficiency or a relative defi-
ciency in the liver. Additionally, researchers, such as
Coulter (29), have reported cases of encephalopathy with
normal serum carnitine levels. Thus, the consensus panel
did not feel it necessary to give carnitine to all epileptic
children receiving valproic acid therapy, but they strongly
recommend it in symptomatic valproic acid-associated
hyperammonemia (36). Specific indications for carnitine
use in adults are poorly studied. According to Dr. Raby
(personal communication, Aug. 2006), in addition to strict
vegetarians, “individuals on restricted diets for medical
reasons, especially patients on dialysis” are susceptible to
valproic acid’s depletion of hepatic carnitine. Dr. Raby
commented further that two meals of lean red meat per
week are sufficient to reduce this risk.

Future Directions for Research

An important area for future research is in identifying
risk factors for the development of hyperammonemia in
adult psychiatric patients. Although the neurological liter-
ature is extensive, its overall utility is limited in adult set-
tings because of its focus on children with epilepsy. Areas
for study include the role of nutritional status, partial ex-
pression of various inborn errors of metabolism, and
other medical conditions. Along with risk factors, studies
will also need to elucidate drug-drug interactions. Little
has been published on the risk of hyperammonemia due
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to potential interactions of valproic acid with psychotro-
pic medications. Psychiatrists also need to be educated on
known drug interactions that increase the risk of hyper-
ammonemia. Unfortunately, the identification of risk fac-
tors or drug interactions in severely ill psychiatric patients
is often problematic. Because of the presence of psychosis,
patients might not have the capacity to understand or an-
swer questions. Medical records are often not available. In
such cases, family members who might provide medical
history are often unknown to the treating psychiatrist. Any
combination of these circumstances makes identification
of risk factors difficult.

Diagnosis of hyperammonemia or encephalopathy in
psychiatric patients is also an area for study and physi-
cian education. After treatment begins, mental status
changes due to acute hyperammonemic encephalopathy
might be mistaken for improvement in mood, worsening
of symptoms of psychosis, or other psychiatric symp-
toms. Instead of severe symptoms, these might be mild
and composed merely of complaints of fatigue. Psychia-
trists will need to remain particularly vigilant for delirium
when psychosis is present. The distinction between these
two illnesses is often difficult to make in a severely ill pa-
tient, as our case report indicates. Future studies will
need to establish laboratory monitoring recommenda-
tions for psychiatric patients taking valproic acid to pre-
vent or identify hyperammonemia. EEG studies might be
helpful for identification, and further research is needed
to characterize EEG findings in nonepileptic patients with
hyperammonemic encephalopathy.

As seen in the case reports, treatments for encephalopa-
thy due to hyperammonemia as a side effect of valproic
acid treatment remain empirical and often supportive in
nature. Specific treatments have not been tested, making
management of this adverse effect an important area for
further research. When to restore a possible hepatic car-
nitine deficiency remains controversial, even within the
pediatric neurology population.

With recent evidence of declining results on neuropsy-
chological testing and of neuronal toxicity due to subclin-
ical hyperammonemia in various settings, several authors
have expressed concern about the long-term effects of un-
detected hyperammonemia on cognitive function in pa-
tients receiving valproic acid (20, 37). Authors have re-
cently reported that “chronic hyperammonemia results in
cortical and white matter atrophy with Alzheimer type II
astrocytes” (38). Studies are needed to determine, particu-
larly in the psychiatric setting, the prevalence of asymp-
tomatic hyperammonemia among those in long-term
treatment with valproic acid, its impact on cognitive func-
tion, and what treatments might reduce any impact. Such
research is currently underway in pediatric neurology,
with an initial study showing no impact of asymptomatic
hyperammonemia on cognitive function (39).

This article has summarized the state of the psychiatric
literature on hyperammonemia induced by valproic acid
and has placed this psychiatric literature within the context
of the studies done in the neurological setting. There are
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multiple areas where further studies are needed, such as
risk factors, prevalence, identification, and treatment. Fur-
thermore, providers in various specialties, including psy-
chiatry, emergency medicine, internal medicine, and even
neurology, need education on detecting this reversible form
of encephalopathy in patients with psychiatric disorders.
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