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Levocarnitine for valproic-acid-induced
hyperammonemic encephalopathy
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alproic acid is used to treat

various seizure disorders and

psychiatric disorders. Serum
valproic acid concentrations should
be monitored to ensure that an ap-
propriate target range is maintained
(50-100 pg/mL for epilepsy and
85-125 pg/mL for mania).! Concen-
trations exceeding 200 pg/mL are
considered toxic, but serum valproic
acid concentrations correlate poorly
with clinical effects, as toxicity can
occur at lower serum concentra-
tions.! Valproic acid toxicity can
manifest as altered mental status,
hepatotoxicity, pancreatitis, bone
marrow suppression, metabolic aci-
dosis, gastrointestinal upset, seizures,
behavioral changes, extrapyramidal
disorders, and hyperammonemic
encephalopathy.??

Valproic-acid-induced
hyperammonemic
encephalopathy
Valproic-acid-induced hyperam-
monemic encephalopathy (VHE) is
generally characterized by an acute
onset of impaired consciousness,
focal neurologic symptoms, and in-
creased seizure frequency. Approxi-
mately half of patients treated with

Purpose. The use of levocarnitine for the
treatment of valproic-acid-induced hy-
perammonemic encephalopathy (VHE) is
reviewed.

Summary. VHE is generally characterized by
an acute onset of impaired consciousness,
focal neurologic symptoms, and increased
seizure frequency. The exact mechanism of
VHE is unclear but relates to the accumula-
tion of toxic valproic acid metabolites and
elevated ammonia levels. Carnitine is an
essential cofactor in the proper metabolism
of valproic acid and ammonia elimination. A
lack of carnitine is thought to contribute to
hyperammonemia. Valproic acid is thought
to increase renal metabolism of glutamate
and may contribute to ammonia produc-
tion. Levocarnitine, the active isomer of car-
nitine, has been used to treat VHE resulting
from valproic acid overdose as well as usual
dosages of valproic acid. A literature search
of PubMed was conducted for all English-
language articles published from 1948 to
May 2011 regarding the use of levocarnitine
for VHE. Search terms included levocarnitine,

valproic acid develop asymptomatic
hyperammonemia that does not re-
quire intervention.”’

VHE risk factors. There are mul-
tiple risk factors for the development
of VHE. Patients who are treated
with multiple anticonvulsants (such

I-carnitine, valproic acid, and hyperammone-
mia encephalopathy. Although large, ran-
domized controlled trials of levocarnitine
treatment in VHE are lacking, levocarnitine
has been shown to be generally safe and
effective in retrospective trials and case
reports. Overall, there is more literature
supporting the use of levocarnitine in VHE
associated with acute overdose than with
short- or long-term treatment with usual
dosages of valproic acid. No adverse events
related to levocarnitine therapy were
reported in any of the literature reviewed.
Prospective trials are needed to further
support the efficacy and safety of levocar-
nitine in the treatment of VHE.
Conclusion. Levocarnitine may be effec-
tive and appears to be safe in the treatment
of VHE.
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as valproic acid combined with
phenobarbital, phenytoin, or carba-
mazepine) have an increased risk of
VHE.* While liver dysfunction can be
a VHE risk factor, VHE also occurs in
patients with normal liver function
test results. The reason for this is not
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completely understood.>* Metabolic
abnormalities (e.g., carnitine defi-
ciency), congenital defects in the urea
enzymatic cycle, a protein-rich diet,
and hypercatabolic states may also
increase ammonia production.®*
Mechanism of VHE. The ex-
act mechanism of VHE is unclear
but relates to the accumulation of
toxic valproic acid metabolites and
elevated ammonia levels. Valproic
acid is a branched-chain carbox-
ylic acid that has a chemical structure
similar to that of short-chain fatty
acids. It undergoes extensive hepatic
metabolism through glucuronida-
tion, mitochondrial beta-oxidation,
and, to a lesser extent, cytosolic
omega-oxidation.” Carnitine is an
essential cofactor in mitochondrial
beta-oxidation. It is thought that
depletion of carnitine stores during
long-term or high-dosage valproic
acid therapy results in a shift from
mitochondrial beta-oxidation to
increased omega-oxidation. This
increases the production of toxic
metabolites from omega-oxidation,
including 2-propyl-2-pentenoic acid
(a possible cause of cerebral edema),
2-propyl-4-pentenoic acid (a pos-
sible cause of hepatotoxicity), and
propionic acid. The propionic acid
metabolite inhibits mitochondrial
carbamyl phosphate synthetase I, an
enzyme involved in ammonia elimi-
nation. This decrease in ammonia
elimination results in greater levels
of ammonia in the blood, which can
cause encephalopathy.”® Overall, am-
monia concentrations are directly
correlated with the dosage and serum
concentrations of valproic acid and

inversely correlated with serum con-
centrations of carnitine.””’

The effects of valproic acid on
the kidneys may also contribute to
hyperammonemia. It is theorized
that valproic acid causes more glu-
tamine to be transported across the
mitochondrial membrane in the
kidneys. As this additional glutamine
is metabolized to glutamate, more
ammonia is produced.’

Carnitine deficiency and
levocarnitine

Carnitine is both synthesized
endogenously and obtained from
dietary sources. It is an essential
cofactor in the metabolism of fatty
acids into acyl-carnitines and aids
in their transport into the mito-
chondrial matrix, where they are
used for energy production in the
Krebs cycle.”® Carnitine deficiency
can occur from both primary and
secondary causes. Primary causes
include autosomal recessive diseases
in which the renal or gastrointestinal
transport of carnitine is impaired or
endogenous synthesis of carnitine is
lacking.? Secondary causes include
organic acidurias, intermittent he-
modialysis, and long-term total par-
enteral nutrition.!! Finally, carnitine
is thought to be depleted in valproic
acid metabolism.*?

Levocarnitine, the active isomer
of carnitine, is used to treat carnitine
deficiency. The time to reach maxi-
mum serum carnitine concentra-
tions during oral levocarnitine use
is approximately 3-5 hours.®!"* The
half-life of levocarnitine in healthy
volunteers ranges from 2 to 15 hours.
The metabolism and excretion of
levocarnitine have not been fully
elucidated. Higher percentages of i.v.
versus oral doses have been found
unchanged in urine (70-100% versus
7-34%, respectively); this difference
has been attributed to metabolism by
intestinal flora after oral administra-
tion. The amount of drug admin-
istered also may affect metabolism
and excretion. The drug is primarily
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excreted in the urine, with less than
2% eliminated in the feces.

Transient nausea and vomiting
are the most common adverse ef-
fects of levocarnitine.>''? Rare but
more serious adverse effects include
hypertension, hypotension, tachyar-
rhythmias, chest pain, headache,
hypercalcemia, anemia, and seizures
(in patients with and without a his-
tory of seizures). Desired effects of
levocarnitine have been reported at
plasma levocarnitine concentrations
of 35-60 wmol/L.

VHE treatment

Treatment of VHE includes dis-
continuing valproic acid therapy and
correcting other potential causes of
encephalopathy, such as electrolyte
disorders, drug overdoses, acid-base
disorders, sepsis, and Wernicke’s
encephalopathy. Otherwise, VHE
management includes general sup-
portive care to protect the airway and
maintain hemodynamic stability.
Case reports have described the use
of lactulose to treat VHE,>* though
lactulose has not specifically been
studied for that indication. Lactulose
lowers the gastrointestinal pH and
favors the conversion of ammonia to
ammonium in the gut. Ammonium,
a polar molecule, cannot be reab-
sorbed through the colon membrane
and is therefore excreted.

In several case reports, naloxone
has reversed somnolence and respira-
tory depression in acute valproic acid
toxicity not associated with opioid
intoxication.”*'® Conversely, some
case reports have described naloxone
as being ineffective in treating val-
proic acid toxicity. Decontamination
with activated charcoal is often used
in an acute overdose; in severe cases,
hemodialysis is performed.>*

The evidence supporting the
abovementioned therapies for VHE
is limited; however, levocarnitine
remains a potential treatment op-
tion for hyperammonemic encepha-
lopathy in patients on valproic acid
therapy.



A literature search of PubMed was
conducted for all English-language
articles published from 1948 to May
2011 regarding the use of levocarni-
tine for VHE. Search terms included
levocarnitine, I-carnitine, valproic
acid, and hyperammonemia encepha-
lopathy. Although large, randomized
controlled trials of levocarnitine
treatment in VHE are lacking, le-
vocarnitine has been shown to be
generally safe and effective in retro-
spective trials and case reports.*®17-
Overall, there is more literature sup-
porting the use of levocarnitine in
VHE associated with acute overdose
than with short- or long-term treat-
ment with usual dosages of valproic
acid.

VHE secondary to acute valproic
acid overdose

Several review articles have de-
scribed the use of levocarnitine for
VHE secondary to acute valproic acid
overdose.**'”!® The authors of these
reviews have generally concluded
that while extensive published evi-
dence is lacking, levocarnitine could
be considered in the treatment of
VHE, as acute valproic acid over-
doses can be life threatening. These
conclusions are based on the effec-
tiveness documented in case reports
and the general safety of levocarni-
tine. All reviews mentioned the need
for future studies to further evaluate
safety and efficacy and to establish
appropriate dosing regimens. The
authors also discussed that reducing
a patient’s ammonia level does not
always result in clinical improvement
of consciousness and that levocarni-
tine has not been shown to hasten the
reversal of general central nervous
system depression related to valproic
acid overdose.

The safety of levocarnitine ad-
ministration in overdoses, including
valproic acid overdoses, was evalu-
ated in a retrospective study.'” More
than 300,000 charts from a poison
center were reviewed to determine if
patients who received levocarnitine
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sustained any adverse events. Adverse
events were defined as hypotension
or allergic reactions. Of the 674 pa-
tients who ingested valproic acid, 19
patients had isolated valproic acid
ingestions with elevated ammonia
levels. These 19 patients received a
total of 55 doses of levocarnitine with
no adverse events. An unreported
number of patients with mixed over-
doses including valproic acid who
also had elevated ammonia levels
received 196 doses of levocarnitine
with no adverse events. The authors
concluded that levocarnitine can
safely be administered in patients
with valproic acid toxicity who have
hyperammonemia. Limitations of
the study included its retrospective
nature and the evaluation of only
two adverse events (i.e., hypotension
and allergic reactions), which are not
the most commonly occurring or the
most serious with levocarnitine use.
In addition, the doses of levocarni-
tine were not reported, and there was
no statistical analysis of the data. It
is also uncertain if the same results
would be found in VHE associated
with usual dosages of valproic acid.
The results of the study supported
the safety of levocarnitine use in
valproic acid toxicity, but prospective
studies are needed to further inves-
tigate the safety and efficacy of this
treatment.

VHE associated with usual
dosages of valproic acid

VHE can also occur in patients
receiving usual valproic acid dosages
for short- or long-term treatment,
but data on the use of levocarnitine
in these patients are limited.

Long-term valproic acid therapy.
Barrueto and Hack® reported the
case of a 41-year-old man who ar-
rived at the emergency department
in an unconscious state with hyper-
ammonemia (serum ammonia con-
centration, 377 umol/L), normal he-
patic function, and a serum valproic
acid concentration within the target
range (73.5 umol/L). He had been

taking valproic acid for more than 3
years, and no recent dosage changes
were noted. His valproic acid was
discontinued, and levocarnitine 10
g (100 mg/kg) i.v. over one hour was
administered. Within seven hours,
his serum ammonia concentration
dropped to 47 umol/L, and he was
alert and oriented. Valproic acid was
not resumed in this patient.

In another case report, Raby?!
described a 38-year-old woman
who had been treated with valproic
acid 1000 mg daily for six months
and reported increasingly frequent
periods of slowing cognition and
lethargy. She had normal liver func-
tion test values, a serum valproic acid
concentration of 73 pumol/L, and a
serum ammonia concentration of
101 umol/L. Valproic acid was con-
tinued, and levocarnitine 1 g orally
twice daily was initiated. Her lethargy
diminished over the next two weeks,
and her serum ammonia concentra-
tion decreased to 22 umol/L.

Short-term valproic acid therapy.
Raby?! reported the case of a 24-year-
old woman who was a strict vegetar-
ian and developed fatigue, lethargy,
and nausea 10 days after initiating
valproic acid. Her dosage had been
increased to 500 mg twice daily, and
her serum ammonia concentration
was 101.5 pmol/L. The valproic acid
dosage was subsequently decreased
to 250 mg every morning and 500 mg
every evening. Her lethargy persisted,
and further testing revealed normal
liver function test values, a serum
valproic acid concentration of 89.9
umol/L, and a serum ammonia con-
centration of 51 pmol/L. The valpro-
ic acid was continued at 250 mg daily,
and levocarnitine 1 g orally twice
daily was initiated. Ten days later, her
symptoms resolved, and her serum
ammonia concentration decreased to
28 pmol/L. It was postulated that her
strict diet may have caused carnitine
deficiency and contributed to VHE.

Borbath et al.?*> described the
successful use of levocarnitine in a
51-year-old woman who developed
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VHE after receiving valproic acid
10 mg/kg i.v. daily to prevent sei-
zures after neurosurgery. She had a
valproic acid level within the target
range, normal liver function test val-
ues, and an elevated serum ammonia
concentration (234 pumol/L). After
discontinuation of valproic acid and
initiation of levocarnitine 100 mg/
kg i.v., her serum ammonia concen-
tration decreased to 35 umol/L. Her
neurologic status improved within
18 hours.

Another case report described
a 33-year-old woman who became
lethargic and developed changes
in mental status after two days of
treatment with divalproex sodium
(equivalent to valproic acid 1500 mg)
orally at bedtime. The woman, who
was taking multiple psychotropic
medications, had a serum ammonia
concentration of 283 umol/L and a
serum valproic acid concentration
of 120 umol/L.* Her mental status
improved several hours after with-
holding all psychiatric medications
and administering levocarnitine 3
g 1.v. Levocarnitine 990 mg orally
three times daily and lactulose 30 mL
orally every six hours were admin-
istered for seven days. Factors that
likely contributed to this patient’s
altered mental status included a high
starting dosage of valproic acid, not
dividing the dose of valproic acid,
and polypharmacy.

In contrast, one case report re-
vealed no clinical benefit when
ammonia levels normalized after
administering levocarnitine for the
treatment of VHE.** A 47-year-old
man with a history of generalized sei-
zures (for which his outpatient regi-
men included phenytoin and carba-
mazepine) arrived in the emergency
department with acute generalized
seizures. He was given a loading dose
of valproic acid 10 mg/kg (as valpro-
ate sodium), followed by valproic
acid 1 mg/kg/hr i.v. When the sei-
zures subsided, he remained uncon-
scious. Status epilepticus was ruled
out through continuous electroen-

cephalogram monitoring during the
first 24 hours. By day 7, he developed
hyperammonemic encephalopathy,
with a serum ammonia concentra-
tion of 411 umol/L, a serum valproic
acid concentration within the target
range (91.5 umol/L), and no signs
of hepatotoxicity. Valproic acid was
discontinued, and levocarnitine
100 mg/kg i.v. daily was adminis-
tered. The patient’s serum ammonia
concentrations returned to normal
within four days, yet the patient re-
mained in a coma for three weeks.
His neurologic status on discharge
was poor (Glasgow Outcome Scale
score of 2). Electroencephalogram,
head computed tomography, and
magnetic resonance imaging results
and multimodal evoked potentials
were followed closely in this patient,
showing progression to brain atro-
phy. Brain stem abnormalities on
imaging correlated with his clinical
status. The pathophysiology related
to seizures likely contributed to his
continued coma, making it difficult
to ascertain whether this was a true
clinical failure of levocarnitine. The
use of concomitant antiepileptic
medications may have increased the
patient’s risk of hyperammonemia.

In addition to short-term treat-
ment of VHE, the use of levo-
carnitine supplementation during
long-term valproic acid therapy has
been postulated as a way to enhance
carnitine stores and promote mito-
chondrial beta-oxidation of valproic
acid, therefore preventing VHE. A
complete discussion of levocarnitine
for VHE prevention is beyond the
scope of this review, but it is an area
for further research.

Dosing and administration of
levocarnitine for VHE

The appropriate dosage of levo-
carnitine for VHE is not well defined.
Levocarnitine’s indication in the
Food and Drug Administration-
approved labeling is for short- and
long-term treatment of patients
with an inborn error of metabolism
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resulting in secondary carnitine
deficiency." The labeled dosage for
this indication is 50 mg/kg/day in di-
vided doses every three to six hours.
Doses can be given as i.v. push over
two to three minutes or as i.v. infu-
sions. In severe metabolic crises, an
i.v. loading dose of 50 mg/kg can be
administered. The maximum dose
per the package insert is 300 mg/kg.
Dosing in severe renal disease and
end-stage renal disease has not been
established. Levocarnitine is available
as a 200-mg/mL i.v. solution, a 330-
mg oral tablet, and a 100-mg/mL oral
solution.

A recent review recommended the
following dosing strategy for acute
valproic acid overdose: levocarnitine
100 mg/kg i.v. once, followed by 50
mg/kg i.v. (maximum 3 g per dose)
every eight hours thereafter, con-
tinuing until serum ammonia levels
decrease, clinical improvement is
seen, or adverse effects are evident.!”
Similarly, most of the published case
reports and reviews described the use
of a 50-100-mg/kg i.v. dose, followed
by 50-100 mg/kg/day i.v. or 250-990
mg orally three times daily. The Pedi-
atric Neurology Advisory Committee
has recommended 150-500 mg/kg
L.v. per day (maximum, 3 g/day) as
rescue therapy for valproate-induced
hepatotoxicity.'® Another review rec-
ommended the following for acute
valproic acid ingestion in children:
a loading dose of 100 mg/kg i.v. over
30 minutes (maximum, 6 g) followed
by a maintenance dose of 15 mg/kg
i.v. over 10-30 minutes every four
hours.”

Discussion

The literature suggests that levo-
carnitine may be effective for VHE
as part of general supportive therapy,
with no adverse events reported
with its use. However, these data are
mostly from case reports. Prospec-
tive studies would be beneficial to
further support or refute the efficacy
and safety of levocarnitine in VHE.
Future trials should also seek to



establish standardized dosing recom-
mendations for different clinical situ-
ations (i.e., short-term overdose ver-
sus VHE secondary to usual dosages).
Until those studies are performed,
levocarnitine 100 mg/kg i.v. followed
by 50 mg/kg/day i.v., with a maxi-
mum of 3 g/day i.v., may be consid-
ered as part of the treatment regimen
for VHE secondary to overdoses or
usual dosages of valproic acid.

Conclusion

Levocarnitine may be effective
and appears to be safe in the treat-
ment of VHE.
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