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A 17-year-old female developed hyperammonemic encephalopathy 2 weeks after valproic acid (VPA), 500
mg twice a day, was added to her regimen of topiramate (TPM), 200 mg twice a day. She presented to the
emergency department (ED) with altered mental status, hypotension, bradycardia, and lethargy. Laboratory
analysis showed mild non-anion gap hyperchloremic acidosis, serum VPA concentration of 86 mg/L, and urine
drug screen result that was positive for marijuana. She was admitted to the pediatric intensive care unit for
persistent symptoms, prolonged QTc, and medical history. Blood ammonia concentrations were obtained
because of her persistent altered mental status, initially 94 pmol/L and a peak of 252 umol/L. A serum carnitine
profile was obtained at the time of hyperammonemia and was found to be normal (results were available
postdischarge). VPA and TPM were discontinued on day 1 and day 2, respectively, as the patient’s blood am-
monia concentration remained elevated. On day 3, her mental status had returned to baseline, and blood
ammonia concentrations trended downward; by day 4 her blood ammonia concentration was 23 pmol/L.
VPA has been associated with numerous side effects including hyperammonemia and encephalopathy.
Recently, drug interactions with TPM and VPA have been reported; however, serum carnitine concentrations
have not been available. We discuss the possible mechanisms that VPA and TPM may affect serum ammonia
and carnitine concentrations and the use of levocarnitine for patients or treating toxicity.
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INTRODUCTION

Valproic acid (VPA), a simple branched chain
carboxylic acid, is effective for the treatment of
a number of types of seizures, including tonic-
clonic, myoclonic, absence and partial seizures.
Multiple drug-drug interactions and drug-
induced adverse effects have been associated
with VPA use including numerous publications
describing VPA-associated hyperammonemia,
with or without hepatotoxicity.' More recently,
case reports have described VPA-associated
hyperammonemic encephalopathy in patients
receiving the combination of VPA and topiramate
(TPM), even in patients previously stable on
different VPA regimens (Table).c'? The possible
mechanism(s) for this drug-associated/ drug-
induced toxicity when administered alone or in
combination with other drugs is unknown, but

many authors have speculated about the role
of carnitine deficiency. We report the case of an
adolescent female who developed hyperam-
monemic encephalopathy with a normal serum
carnitine concentration after VPA was added to
chronic TPM therapy.

CASE REPORT

The patient was a 17-year-old female with a
history of juvenile myoclonic epilepsy (JME),
currently receiving TPM and VPA (her only home
medications) therapy, who was admitted to the
pediatric intensive care unit (PICU) with altered
mental status. Her condition had been diagnosed
as seizure activity approximately 1 year prior to
presentation, and she was started on TPM, 200
mg twice daily. Levetiracetam was added for
breakthrough seizures; however, she failed to
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respond despite increased levetiracetam dosing.
Approximately 2 weeks prior to admission, her
neurologist discontinued the levetiracetam and
began delayed release VPA, 500 mg twice a day
(20 mg/kg/day; usual recommended starting
dose is 10-15 mg/kg/day) with lorazepam, 1
mg, as needed for seizures. During that time, she
was living with “mom’s friend” since her parents
were separated. She also had a history of sub-
stance abuse, smoked marijuana daily and one
pack of cigarettes daily, but denied any alcohol
use (she had stopped when she developed JME).

On the day of admission, the patient was riding
to work with a friend and was smoking a “blunt”
(presumed to be marijuana). When she thought
she was experiencing an aura that usually pre-
cedes her seizures, she took 1 mg lorazepam
orally. At an undetermined time after the patient
took her lorazepam, she became disoriented and
was brought to an outside hospital ED. Upon ar-
rival at the ED, she was noted to have a decreased
sensorium and increased lethargy and was con-
fused. Physical examination was unremarkable
with the exception of hypotension (blood pres-
sure, 86-102/52-60 mm Hg), bradycardia (heart
rate, 45-70 beats per minute [bpm]) for which
she received a normal saline bolus intravenously.
A computed tomography scan of her head was
obtained and was read as normal. Results of a
complete blood count and urinary analysis were
within normal limits; however, a basic metabolic
panel showed mild non-anion gap hyperchlore-
mic acidosis (Cl, 118 mEq/L; CO,, 18 mEq/L).
Aurine drug screen result was positive for mari-
juana, and her serum VPA concentration was 86
mg/L. Electrocardiogram (EKG) test showed a
high-normal to prolonged QTc of 443 to 459 ms.
Because of her medical history, persistent symp-
toms, and prolonged QTc, she was transferred to
our PICU for further management.

Upon arrival at the PICU, she was somnolent
but would awake to verbal stimuli. She was oc-
casionally confused during conversation and
had significant speech latency but no motor or
sensory deficits were observed. Her vital signs
were heart rate, 61 bpm; blood pressure, 81/48
mm Hg; respiratory rate, 12 breathes per minute;
and temperature, 36.6°C. The patient denied in-
gesting any prescription and/or over-the-counter
medication, overdosing of currently prescribed
medications, or suicidal/ homicidal ideations
although she had a history of cutting. Initially,

her home medications of TPM and VPA, twice
a day at 09:00 aM and 9:00 ™, were continued.
Laboratory studies were repeated approximately
8 hours after the ED tests and revealed worsening
non-anion gap acidosis (Cl-, 121 mEq/L; CO2 ,
14.5 mEq/L) that was attributed to topiramate.
Her liver function test results (total bilirubin,
alanine aminotransferase, aspartate aminotrans-
ferase, and alkaline phosphatase) and ionized cal-
cium were normal. Given her persistent altered
mental status, a blood ammonia concentration
was obtained and was found to be elevated at
94 pmol/L (normal, 11-51 ymol/L). A repeated
blood ammonia analysis 6 hours later showed
a concentration of 252 ymol/L. She was given
30 grams of lactulose for hyperammonemia and
the repeated blood ammonia concentration 6
hours later was 187 pumol /L. Given her elevated
ammonia concentration, VPA was discontinued
after her evening dose. She was monitored with
telemetry while in the PICU, and over the course
of the first day, her QTc ranged from 462 to 496
ms, and her heart rate ranged from 46 to 85 bpm.

On the morning of hospital day 2, the patient
continued to have an altered mental status con-
sisting of lucid intervals where she returned to
her neurologic baseline, followed by somnolence
and confusion. Her ammonia concentration
was rechecked at 24 hours after admission and
was elevated at 212 pmol/L. After receiving
her morning TPM dose, the drug was held. Her
morning serum VPA concentration was 64 mg /L.
An electroencephalography (EEG) study showed
generalized spikes plus generalized slowing,
which was consistent with JME and encepha-
lopathy. The administration of levocarnitine was
recommended if the blood ammonia concentra-
tion remained elevated. Child and adolescent
psychiatry was consulted due to the patient’s
history of substance abuse and depression and
recommended outpatient counseling. As the
day progressed, the patient’s neurologic status
continued to improve. Blood ammonia concen-
trations obtained 30 and 36 hours post-PICU
admission were 118 umol/L and 102 umol/L,
respectively.

By hospital day 3, her blood ammonia contin-
ued to trend downward and was 88 umol/L at
48 hours post-PICU admission. The non-anion
gap acidosis showed slight improvement (CI-,
118 mEq/L; CO, , 15.8 mEq/L), and her serum
VPA concentration was 16 mg/L. She returned
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to her neurologic baseline and was alert and
oriented x3 and did not have any evidence of
clinical seizures. At that time, it was felt to be safe
to restart a smaller dose of delayed release VPA,
250 mg twice a day, along with levocarnitine,
330 mg three times a day. Her blood ammonia
concentration on day 4 was 23 uymol/L. The pa-
tient remained stable, a repeated EKG showed a
normal QTc, and her vital signs remained stable.
She was discharged on VPA therapy with levo-
carnitine and was to follow-up with neurology.
A serum carnitine profile had been ordered from
blood drawn on hospital admission day 2, cor-
responding to her ammonia concentration of 212
pmol/L, and the results available postdischarge
indicated a normal serum carnitine (total, 44
nmol/mL [normal, 34-77 nmol/mL]; free, 37
nmol/mL [normal, 22-65 nmol/mL]; acylcarni-
tine, 7 nmol/mL [normal, 4-29 nmol/mL]).

DISCUSSION

This patient presented to our hospital with new
onset hyperammonemic encephalopathy without
hepatotoxicity following recent addition of VPA
to her home regimen of TPM therapy, which
was being given for management of JME. The
encephalopathy was suspected to be due to the
hyperammonemia that was probably associated
with a drug-associated interaction/side effect.
It was not felt to be the result of VPA overdose,
especially because her VPA serum concentration
on admission was within the therapeutic range.
Her VPA was rapidly initiated at a moderately
elevated dose, and the combination of VPA and
TPM has been associated with hyperammonemic
encephalopathy. Based on the Naranjo adverse
drug reaction probability scale,” there is a pos-
sible relationship (score = 4) between the use of
VPA and TPM and the development of hyperam-
monemic encephalopathy. This case is similar
to several other cases reported in the literature
(Table) in that elevated ammonia concentrations
occurred after a recent change in a patient’s anti-
epileptic drug (AED) regimen that included VPA.

The prevailing opinion in medical literature
attributes VPA-associated hyperammonemic
encephalopathy to a VPA-induced decrease in
cellular carnitine. We obtained a serum carnitine
concentration at the time of the patient’s elevated
blood ammonia concentration in order to refine
an acute treatment strategy for this patient and

found the concentrations within normal values
(see above). Neither the total nor free carnitine
nor acylcarnitine concentration was abnormal,
suggesting alternate pathways may be greater
contributing factors for the observed accumula-
tion of ammonia (see below).

VPA is metabolized via multiple pathways,
with only a small percentage, ~3%, eliminated
unchanged in the urine. The majority of the drug
(80%) is glucuronidated, while the remaining
17% to 20% undergoes oxidative metabolism?
(Figure 1). This remaining portion is either
metabolized in the mitochondria and pro-
ceeds through B-oxidation (70%), or undergoes
w-oxidation (30%). Most published experiences
suggest that much of VPA-associated toxicity is
probably the result of carnitine deficiency. Thus,
the B-oxidation pathway would appear to be a
very important pathway as multiple mechanisms
can contribute to decreased carnitine concentra-
tions,'?® including urinary excretion of valproyl-
carnitine, decreased tubular reabsorption of free
carnitine and acylcarnitine, valproylcarnitine’s
inhibition of the carnitine transporter, decreased
free fatty acid (FFA) metabolism leading to
decreased production of ATP and decreased
ATP-dependent carnitine transporter function,
and decreased restoration of carnitine from acyl-
carnitine. VPA also impairs y-butyrobetaine hy-
droxylase enzyme activity, possibly by decreased
concentrations of the coenzyme o-ketoglutarate
that is necessary for carnitine synthesis.'*

Carnitine is critical for FFA transport into the
mitochondria and indirectly affects the function
of the urea cycle.? Deficiencies in carnitine shunt
VPA metabolism more toward w-oxidation,
resulting in increased VPA toxic metabolites;
other AED may induce the w-oxidation path-
ways, increasing the amount of cellular and
VPA-associated toxic metabolites."! Propionic
acid metabolites and 4-en-VPA inhibit carbamyl
phosphate synthetase (CPS-I), an enzyme that
facilitates the conversion of NH,* and HCO3- to
carbomyl-P? (Figure 1).

Patients receiving TPM might have a decrease
in HCO, available because of the drug’s carbonic
anhydrase inhibition activity, which could also
affect this conversion of NH,* and HCO3- to car-
bomyl-P3. N-acetyl glutamic acid (NAGA), which
is necessary for synthesis of CPS-, is decreased
because of decreased acetyl-CoA production
from FFA metabolism. Both of the mechanisms
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Figure 1. The Metabolic Pathways of Valproic Acid.

VPA is primarily metabolized through glucuronidation while the B-oxidation and w-oxidation pathways account for
<20% of its metabolism. The VPA metabolites are primarily responsible for VPA's toxic effects and impaired function of
the urea cycle. Itis proposed that when carnitine concentrations are decreased, w-oxidation increases (usually 30% of
oxidation pathways) and -oxidation decreases (usually 70% of oxidation pathways) resulting in an increased produc-
tion of toxic metabolites. VPA metabolites are indicted by italicize throughout the figure.

contribute to the accumulation of ammonia.
Mechanistically, it would be very plausible for
serum carnitine concentrations to be altered
when patients are receiving VPA, underscoring
the number of published reports of patients with
low carnitine*'>'7; however, this does not appear
to be true for all patients.'®

Alternative sources of ammonia could explain
why this may be the case. Ammonia is produced
when glutamine is converted to glutamate via
glutaminase (Figure 2), while glutamine syn-
thetase converts glutamate and ammonia to
glutamine. VPA’s metabolite 4-en-VPA increases
glutaminase activity in the renal cortex,! while

VPA and TPM appear to decrease activity of
glutamine synthetase in the kidneys and brain."
Both of the effects on the conversion of glutamate
to glutamine could contribute to the increase in
serum ammonia (Figure 2).

Itis also important to consider that the enceph-
alopathy that develops in a patient receiving VPA
may not be directly related to serum ammonia
concentrations since many patients have been
described who have asymptomatic hyperammo-
nemia while on VPA." Cerebral edema can result
when the 2-en metabolite of VPA accumulates in
the brain® or with increased glutamate accumula-
tion in the astrocytes, which leads to increased
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J4-en-VPA
isocitrate NH,4 VTPV
/> ‘: glutamine synthetase
acetyl-CoOA ——p  citrate a —Ketoglutarate glutamate glutamine
+NH; Glutamine in astrocytes

J acetyl-CoA when /
J B-oxidation of FFA

oxaloacetate

/

fumarate
w—

malate

succinate — succinic ¢T+NH3
+— semialdehyde

¢¢ ? glutaminase
GABA NHa 1 VPA

-> cerebral edema

Figure 2. Synthesis and Degradation Pathways of Glutamate.
Ammonia (NH,) concentrations may increase due to VPA increasing the activity of glutaminase while TPM and the
metabolite 4-en-VPA decrease the activity of glutamine synthetase.

intracellular osmolarity and astrocyte swelling.?
TPM is associated with cognitive impairment,
especially with rapid dose titration, which may
contribute to an altered mental status. Our pa-
tient had been receiving TPM without any recent
dose changes for approximately 1 year prior to
this acute change in her mental status; thus, it is
much less likely her TPM alone was the sole fac-
tor in her acute event. Excessive inhibition of the
GABA receptor by multiple drugs could also be
a factor.! It is unclear if there are patient-specific
factors or a genetic predisposition that may influ-
ence these affects in an individual.

Even though carnitine deficiency has been
speculated as at least partially contributing to
VPA-associated hyperammonemia and clini-
cians routinely consider the administration of
levocarnitine to avoid or treat VPA toxicity, se-
rum carnitine concentrations are not frequently
obtained or reported in published experiences.
Serum carnitine concentrations were also not
reported for any of the cases of hyperammone-
mia encephalopathy due to VPA and TPM we
identified (Table). Despite having an elevated
serum ammonia, this patient had a therapeutic
serum VPA concentration, and her serum car-
nitine profile was within normal limits. For the
patient, it appears more likely that the elevated
serum ammonia was due to increased renal
glutaminase activity, rapid initiation of VPA and
possibly decreased HCO,™ from TPM than from
overt carnitine deficiency.

The determination of serum carnitine con-
centrations and VPA concentrations in the face
of symptomatic hyperammonia has been noted
by others.">'® Shapira and Gutman® compared
serum and muscle carnitine concentrations in
7 pediatric patients receiving long-term VPA

therapy. Six of the patients had low muscle
carnitine, but only 3 of those 6 had low serum
carnitine. VPA dose and serum concentrations
were not reported, although the authors stated
that there was no correlation between VPA dose
and the degree of carnitine depletion." Hirose et
al'* measured serum carnitine concentrations in
pediatric patients with epilepsy receiving VPA,
with otherwise normal neurologic function and
nutrition status, and found no correlation be-
tween total and free serum carnitine and serum
ammonia concentrations. In fact, serum carnitine
concentrations were maintained within the nor-
mal range in all the patients and were not statisti-
cally different from the control group. Thus, it can
be difficult to determine what the true molecular
basis of hyperammonemia and encephalopathy is
for a patient given the variable laboratory results
and presentations reported in the literature. It is
possible that discrepancies between these studies
may be due to VPA impairing cellular uptake of
carnitine, resulting in apparent normal serum
concentrations but low tissue concentrations, or
pharmacogenomic patient differences affecting
the response. It also brings into question the
necessity for levocarnitine.

Even though levocarnitine is relatively safe and
has been used as maintenance therapy in patients
receiving VPA or in patients with VPA-associated
toxicity, serum carnitine concentrations are not
always affected by a patient’s AED therapy, as
noted in our patient. Therefore, the usefulness
of levocarnitine in all patients may not be as
beneficial as previously thought and should be
further assessed. However, it may be difficult
to determine a patient’s carnitine status in the
setting of acute VPA toxicity since serum/urine
carnitine determination are usually not routine

134

J Pediatr Pharmacol Ther 2013 Vol. 18 No. 2 ® www.jppt.org

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-03-13



Valproic Acid and Topiramate Hyperammonemia

JPPT

laboratory tests available at most healthcare
facilities, including ours, and as such, results
may not be available until days later. Addition-
ally, there may be discrepancies between serum
and tissue/ muscle concentrations of carnitine.
Further studies would help to assess the correla-
tion between serum and tissue/ muscle carnitine
concentrations in these patients, especially for
patients receiving multiple AEDs that include
VPA and in particular, VPA, TPM, and/or phe-
nobarbital, (phenobarbital has also been linked to
increased cerebral glutamine synthetase activity"
8) and the role of levocarnitine. Thus, in patients
with apparent VPA-associated hyperammonemia
which does not readily resolve with appropriate
doses of levocarnitine, an alternative etiologic
metabolic pathway should be considered (e.g.,
renal glutaminase activity) and if continued VPA
is required, the clinician should reassess the dos-
ing regimen and/or drug interactions.

CONCLUSIONS

Our case highlights the occurrence of hy-
perammonemic encephalopathy following
coadministration of VPA and TPM in a patient
with normal serum carnitine concentrations.
Multiple mechanisms have been speculated for
this adverse drug effect; however, at least for our
patient, it appears that decreased serum carnitine
may not be as prominent of a contributing factor.
More research into the possible mechanism(s)
contributing to VPA-associated toxicity, and more
specifically VPA-associated hyperammonemia,
is clearly needed to better define specific and
optimal therapies.
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