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Abstract

Valproic acid is used in the treatment of multiple disorders. Adverse effects from valproic acid in-
clude hepatotoxicity, hypotension, metabolic acidosis, and decreased mental status. Valproic acid
also causes hyperammonemia. Many physicians assume that this is due to a supratherapeutic val-
proic acid concentration; when in fact, it can occur with therapeutic valproic acid concentrations.
This is because the hyperammonemia may be related to carnitine deficiency and disruption of the
urea cycle, which can both occur with therapeutic valproic acid concentrations. We report a pa-
tient presented to the emergency department with alteration of mental status after ingesting val-
proic acid for recreational purposes, who developed hyperammonemia with a therapeutic val-
proic acid concentration.
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1. Introduction

Valproic acid (VPA) is a medication used in the treatment of many disorders. Supratherapeutic ingestions can
lead to altered mental status, respiratory depression, and hypotension. Metabolic derangements from VPA in-
clude hypernatremia, hypocalcemia, an anion gap metabolic acidosis, and hyperammonemia [1]-[4]. Hyperam-
monemic encephalopathy is characterized by altered mental status (AMS) and seizures [5]. Most importantly,
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hyperammonemic encephalopathy following ingestion of VPA can occur after ingestions resulting in therapeutic
VPA concentrations. We report a case of hyperammonemic encephalopathy with a therapeutic VPA concentra-
tion.

2. Case

A 35 years old male with a history of alcoholism presented to the Emergency Department (ED) with AMS. He
was at a party and was arrested. In jail, he was found unresponsive without any evidence of trauma or seizures.
Emergency Medical Services administered naloxone 3 mg IV without a response. He was placed on oxygen and
arrived at the ED at 2 am. On arrival, his vital signs (VS) were: heart rate 97 bpm, blood pressure 145/101
mmHg, respirations of 16/minute with oxygen saturations of 100% on a non-rebreather. His exam was remarka-
ble for somnolence with brief, random arousals. His pupils were 2 mm and not reactive. He had moist mucous
membranes, was not diaphoretic, had a soft abdomen with normal bowel sounds, and did not have rigidity or
hyperreflexia. A bag of pills containing olanzapine 10 and 20 mg tablets, VPA 250 mg tablets, and rosuvastatin
10 mg tablets were found in his possession. The patient’s mental status was deteriorated, and he was intubated
with ketamine 80 mg and succinylcholine 100 mg. On the ventilator, he had normal VS: heart rate 88 bpm,
blood pressure 114/72 mmHg, and saturating 100% on 40% oxygen.

A head CT and chest X-ray were unremarkable. Laboratory evaluation was remarkable for VPA 108 pg/ml
(therapeutic 50 - 125), ammonia 128 pmol/L (normal 9 - 33), and a venous blood gas of pH 7.26/pCO, 64/p0O,
30. An ethanol concentration was 139 mg/dL and a urine drug screen (UDS) was negative. Other laboratory
testing was unremarkable. He was administered levocarnitine 6 grams 1V, thiamine 100 mg IV, and lactulose 45
ml via a nasogastric tube, and admitted to the intensive care unit (ICU). Shortly after arrival to the ICU, he was
extubated. Upon further questioning, he admitted to being prescribed clonazepam, aripiprazole, mirtazapine, and
sertraline. He was not prescribed VPA, and admitted to receiving pills at a party for recreational purposes. He
denied other medical conditions aside from chronic psychiatric disease (he was unsure of his official diagnosis)
and denied prior ethanol withdrawal. L-carnitine was continued at 1050 mg IV every 4 hours and serial VPA
and ammonia concentrations were obtained. The VPA concentration decreased to 67 pg/ml the following day.
Repeat ammonia concentrations remained elevated at 136 and 145 umol/L but decreased to 70 umol/L by the
following afternoon. He was given resources for substance abuse counseling and discharged.

3. Discussion

His AMS was likely multifactorial. His ethanol concentration was 139 mg/dl, which would likely cause some
intoxication even in a tolerant individual. While his UDS was negative, these tests are notorious for being insen-
sitive and do not exclude the possibility of drug use. Olanzapine, an atypical antipsychotic found in his posses-
sion, can cause AMS and miosis. The hyperammonemia likely also contributed to his AMS. Aside from VPA,
none of the other medications that he regularly used, or that were found on him, are associated with hyperam-
monemia.

Physicians may believe that the VPA concentration must be supratherapeutic in order to develop hyperam-
monemia. In fact, there is not a correlation between the ammonia concentration and the measured serum VPA
concentration [6] [7]. In a case series of ingestions, a patient with a VPA concentration of 133 pg/mL had an
ammonia concentration of 204 umol/L while patients with VPA concentrations of 870 pg/mL and 1,005 pg/mL
had ammonia concentrations of 33 pmol/L and 53 umol/L, respectively [8].

Hyperammonemia may be due to VPA-induced carnitine deficiency, interference with carbamoylphosphate
synthase 1 (CPS 1), and failure to incorporate ammonia into the urea cycle [2]. The exact mechanism is un-
known. VPA enters the mitochondria using L-carnitine as a co-factor [9]. VPA undergoes S-oxidation resulting
in the depletion of both carnitine and acetyl CoA. Carnitine excretion is increased by the formation of val-
proyl-carnitine, which then inhibits the ATP-dependent carnitine transporter. The depletion of carnitine shifts
valproate metabolism toward microsomal w-oxidation [5] [10] [11]. Products of w-oxidation interfere with CPS
1, an enzyme responsible for incorporation of ammonia into the urea cycle [1] [12]. Depletion of acetyl CoA
stops the formation of N-acetylglutamate, a required CPS 1 co-factor [1]. Thus, hyperammonemic encephalopa-
thy can occur with therapeutic VPA concentrations.

Hyperammonemia with therapeutic VPA concentrations is reported in other settings. In a series of psychiatric
patients, 51% taking VPA developed hyperammonemia [13]. In a study of outpatients with bipolar disorder,
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nearly 17% receiving VPA had hyperammonemia compared to no patients in the control group (p = 0.005) [14].
In a series of patients with epilepsy, patients receiving VPA had higher ammonia concentrations, including 16%
with hyperammonemia, than the group that that received other antiepileptics [15]. The clinical relevance of the
hyperammonemia is not known as many patients are not encephalopathic, [13]-[16] although some do develop
hyperammonemic encephalopathy with therapeutic VPA concentrations [12] [17]. While treatment is controver-
sial, administration of L-carnitine has generally been shown to be safe and can be considered in addition to gen-
eral supportive care [18].

4. Conclusion

Patients with therapeutic VPA concentrations can develop hyperammonemia even with therapeutic VPA con-
centrations. While the clinical relevance is not entirely known, some become encephalopathic. Hyperammo-
nemic encephalopathy should be considered in patients taking valproic acid that present with altered mental sta-
tus even if they have therapeutic valproic acid concentrations.
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