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ABSTRACT

Numerous studies have shown that plasma carnitine levels are significantly lower in patients taking valproate than in
controls. Free camitine deficiency is not uncommon in these patients and also occurs in newborns with secizures and in
patients taking other anticonvulsant drugs. Carnitinc deficiency in epilepsy results from a variety of ctiologic factors
including underlying metabolic diseases, nutritional inadequacy, and specific drug effects. The relationship between car-
nitine deficiency and valproate-induced hepatotoxicity is unclear. Carnitine treatment does not always prevent the emer-
gence of serious hepatotoxicity, but it does alleviate valproate-induced hyperammonemia. These studies suggest that spe-
cific risk factors for carnitine deficiency can be identificd. Preliminary data suggest that carnitine treatment may benefit
high-risk, symptomatic patients and those with free carnitine deficiency. Carnitine treatment is not likely to benefit low-
risk, asymptomatic patients and those with normal carnitine levels. (/ Child Neurol 1995;10(Suppl):2832-2539).
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Controversy persists about the role of carnitine in
epilepsy, despite research on the subject that accelerated
from the initial reports in 1982 to the present time and
now includes many published studies. Clinicians still
need answers to the questions of when to mecasure carni-
tine levels and when to provide treatment with carnitine.
The purpose of this review is to summarize available
information as it relates to these clinical questions. In
particular, this review will seek to identify risk factors
that might help clinicians to anticipate carnitine defi-
ciency and to predict the response to treatment.

CARNITINE LEVELS

Table 1 summarizes data from some of the articles that
investigated the occurrence of carnitine deficiency in
patients with epilepsy. In general, mean plasma levels of
total carnitine and free carnitine were lower in patients
taking valproate than in controis. These differences were
statistically significant in most studies®>'>!%'" but not in a
few others.!*!8 Two studies that examined carnitine lev-
els longitudinally in patients before and after starting val-
proate showed that levels were significantly lower after
taking valproate.!®!2 When examined separately, carnitine
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levels were lower in patients taking valproate plus other
anticonvulsant drugs than in patients taking valproate
alone.*%-" In several studies, carnitine levels in patients
taking valproate alone did not differ significantly from
those of controls.™"+" Most studies showing significantly
lower carnitine levels in valproate-treated patients have
investigated children. One study showed that carnitine
levels in valproate-treated younger children (1 to 10 years
old) were significantly lower compared to older children
(10 to 18 years old).!” Free carnitine deficiency was found
in 13 of 18 newborn infants with seizures.*® Significantly
lower carnitine levels have also been reported in val-
proate-treated adults.®

Significantly lower carnitine levels have been
reported in patients not taking valproate who were taking
other anticonvulsant drugs, such as carbamazepine,
phenytoin, or phenobarbital.*® Other studies have found
no difference, however.”!314

Several questions arise regarding the significance of
these data. One is the validity of plasma camitine levels
as a measure of total body carnitine status. In some val-
proate-treated patients with normal plasma carnitine lev-
els, muscle carnitine levels were significantly lower than
in controls not treated with valproate.?! These data
(though unconfirmed) are not surprising, because 90% of
total body carnitine is in muscle tissue, and the concen-
tration of carnitine in muscle is as much as 10 times
higher than in blood.* If blood carnitine levels fall late in
the course of total body carnitine depletion, then it would
make sense that muscle carnitine levels might be low
while blood levels were still normal. Later in the course,



Carnitine and Epilepsy / Coulter 2833
Table 1. Carnitine Levels With Valproate Therapy*
Subjects Taking VPA Controls
Source Description n TC FC AC Description n TC FC AC
Ohtani et al? Age 3-21 yr 14 326" 286" — Epilepsy, other drugs " 48.6 430 —
Healthy 27 49.0 442 -
Laub et al® VPA alone; age 3-21yr 14 464 347 1.7 Epilepsy, other drugs 21 47.0 39.9 7.0
VPA plus other drugs 7 36.4 289 7.5 Healthy 21 49.5 41.2 8.0
Morita et al* Age 1-30 yr 12 334 215¢ 120 Epilepsy, other drugs 13 43.6 315 120
Healthy 32 60.3 51.7 9.7
Melegh et al® Children 11 243* 168° — Healthy 1 349 265 —
Rodriguez-Segade et al® Age 17-65 yr 34 369 26.4 10.5 Epilepsy, other drugs 149 48.1 41.2 6.9
Healthy 49 53.3 47.1 6.2
Beghi et al’ VPA alone; age 1-39yr 54 494 36.2 131 Epilepsy, other drugs 51 46.9 37.0 101
VPA plus other drugs 55 44.2 33.0 11.2 Epilepsy. no drugs 53 50.8 414 9.2
Hug et af® VPA alone 53 35.6' 27.0¢ 8.6 Phenobarbital 119 327 246* 8.1
VPA pius other drugs 18  30.1* 23.2¢ 6.9¢ Healthy 32 57.8 425 153
Opala et al® VPA alone 43 408 29.9¢ 109 Epilepsy, other drugs 43 48.1 36.7 8.9
VPA pius other drugs 91 293¢ 21.4 8.0 Healthy 89 44.2 36.8 8.9
Riva et al° Taking VPA for 45 days 22 50.0' 35.0' 15.0'  Same patients before VPA 22 60.0 4.0 1.0
Toksoy et al" Children 24 — 33.5¢ — Healthy age/sex matched 24 — 508 —
Zelnik et al'? Taking VPA 14 — 291" — Same patients before VPA 14 — 376 —
Murphy et ai"? Under age 10 yr 13 396 - — Not stated — 50.0 —_ —

VPA = vaiproats; TC = totai carnitine; FC = frae carnitine; AC = acylcarnitine.
*Adapted from Coulter.'
' All carnitine values are mean levels in ymol/L.

*Value is significantly different (P <.05) from respective value of the control group shown in italics in the same study.

blood levels might also fall. This argument predicts that
when blood carnitine levels are low, muscle carnitine lev-
els should also be low. Thus, total body carnitine deple-
tion would be expected when blood levels are signifi-
cantly low and might also occur even when blood levels
are normal.®! This argument is fairly speculative and
needs to be confirmed.

Another question arises regarding the relevance of
data showing significant differences in group means
between valproate-treated patients and controls, as shown
in Table 1. How many patients actually had plasma carni-
tine deficiency, defined as a free carnitine level more than
two standard deviations below the mean for the controls?
Using this definition, plasma carnitine deficiency was
found in 4% to 76% of patients taking valproate*®51%16 and
in 8% to 36% of patients taking other anticonvulsant
drugs.5® The reasons for this wide variation in prevalence
of plasma carnitine deficiency are unclear but presumably
reflect the composition of the study group. Plasma carni-
tine deficiency appears to be more common in young
patients with multiple disabilities>*!¢ than in relatively
healthy adults.” Studies that specifically examined the cor-
relation of plasma carnitine deficiency with clinical symp-
toms found no relationship.2713:16

In summary, plasma carnitine levels are decreased in
many patients with epilepsy. They are lowest in patients
taking valproate plus other anticonvuisant drugs but may
also be decreased in patients taking valproate alone and
in patients not taking valproate but taking other anticon-
vulsants, such as phenobarbital, phenytoin, or carba-
mazepine. Actual carnitine deficiency (free carnitine level
more than two standard deviations below the mean) is
also fairly common. Low carnitine levels in the blood
probably reflect low levels in muscle tissue, but plasma
levels may be normal even when tissue levels are low.

The published studies suggest that risk factors for carni- .
tine deficiency include young age, muitiple disabilities,
and presence of valproate plus other anticonvulsant
drugs (valproate polypharmacy).

ETIOLOGY

The etiology of carnitine deficiency in patients with
epilepsy may be related to nutritional factors, inborn
errors of metabolism, or the effects of drugs and other
diseases. In some patients, it may reflect the combined
effect of several factors.

Camitine deficiency has been reported in patients with
seizures who have a variety of underlying metabolic disor-
ders. These include defects in fatty acid metabolism,*-%"
mitochondrial disorders such as mitochondrial encepha-
lomyopathy, lactic acidosis, and strokelike episodes
(MELAS) or Leigh disease, ™ glutaric aciduria type 2% and
other organic acidurias,™ carnitine palmitoyltransferase
deficiency,®% and urea cycle disorders. Indeed, a patient
with one of these inborn errors of metabolism may decom-
pensate or become comatose when given a drug such as
valproate that alters carnitine metabolism *24%

Dietary carnitine is found in highest concentration in
products derived from red meat and milk, so patients
whose diets are deficient in these products may be at risk
for nutritional carnitine deficiency. Most intravenous
hyperalimentation solutions do not contain carnitine, so
patients on total parenteral nutrition for long periods of
time are also at risk for nutritional carnitine deficiency.
Indeed, carnitine levels were lowest in premature infants
with seizures who were on intravenous hyperalimenta-
tion.2 Products used in tube feedings may or may not
include carnitine, so clinicians need to check the label of
whatever product is being used in order to prevent nutri-
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tional carnitine deficiency in patients who rely on these
products for most or all of their nutrition. Institutional-
ized and severely handicapped patients with multiple dis-
abilitics, whose dietary intake of carnitine may be defi-
cient for any or all of these reasons, may be particularly
likely to have carnitine deficiency. One study found that
serum carnitine levels in these patients were significantly
correlated with arm circumference, a measure of lean
body mass reflecting nutritional status.’ The etiology of
carnitine deficiency in these patients may be multifactor-
ial, including nutritional factors, underlying inborn meta-
bolic errors causing multiple disabilities, and anticonvul-
sant drug therapy including valproate.

Valproate is a fatty acid and so would be expected to
have effects on fatty acid metabolism. The weight gain
sometimes associated with valproate therapy has been
attributed to inhibition of fatty acid metabolism."” In
developing mice, administration of valproate interfered
with fatty acid oxidation and decreased levels of free
coenzyme A in the liver,™ an effect that was largely pre-
vented by coadministration of carnitine and pantothenic
acid. ™ Evidence of impaired fatty acid metabolism was
also found in humans trcated with valproate.*!# These
metabolic cffects were reversed by carnitine treatment in
one study* but not in another."!

As a fatty acid, valproate combines with carnitine to
form a valproylcarnitine ester.* This and other acylecar-
nitines are excreted in the urine. Total urinary excretion
of acylcarnitines was increased in valproate-treated
patients with elevated ammonia levels. " Acylcarnitine
excretion was also increased in relatively asymptomatic
patients in one study' but not in other studies.' This
increased urinary excretion of acylcarnitine might also
interfere with renal reabsorption of free carnitine.™ In
mice, valproate increased urinary excretion of acylcarni-
tine, whercas other anticonvulsant drugs (phenobarbital,
phenytoin, and carbamazepine) increased urinary excre-
tion of free carnitine.’” These results suggest that the eti-
ology of carnitine deficiency in valproate-treated patients
might be related in part to increased renal excretion of
carnitine. A similar mechanism might also account for the
cases of carnitine deficiency observed in patients treated
with other anticonvulsant drugs.

A previous review noted the absence of studies inves-
tigating the effects of valproate on carnitine absorption,
transport, biosynthesis, and tissue uptake.! Tein et al sub-
sequently studied the effect of valproate on carnitine
uptake in cultured human skin fibroblasts. They found
that valproate induced a reversible, dose-dependent
reduction of carnitine uptake by as much as 50%%4? and
noted that this effect might also account for the observa-
tion by others of reduced renal reabsorption of free carni-
tine. This valproate-induced impairment of tissue carni-
tine uptake could be an important mechanism causing
carnitine deficiency in patients treated with valproate.

In summary, these published studies regarding the
etiology of carnitine deficiency suggest that additional
risk factors include nutritional inadequacy, reliance on

tube feedings or intravenous hyperalimentation, and the
presence of an underlying inborn error of metabolism.

VALPROATE-RELATED HEPATOTOXICITY

Several clinical patterns of hepatotoxicity exist in patients
treated with valproate® and have been associated with
carnitine deficiency. Transient elevation of transaminase
levels often occurs when patients are first started on val-
proate. This is usually asymptomatic and typically
reverses whether the dose is decreased or not.*'-%
Although this phenomenon has not been associated
directly with carnitine deficiency, a possible relationship
was suggested by in vitro studies of isolated rat hepato-
cytes. Valproate exposure induced leakage of transami-
nases into the culture medium, an effect that could be
prevented by cotreatment with camnitine.™

A much more serious pattern of hepatic failure
occurs rarely but may be irreversible and fatal. More than
100 patients have died from valproate-induced hepatic
failure.”® The risk varies from one in 500 for very young
children to one in 120,000 for adults on monotherapy.*
Although the principal risk factors are young age, pres-
ence of concomitant neurologic disabilities, therapy with
muitiple anticonvulsant drugs, and the recent addition (in
the past 6 months) of valproate therapy,™ these risk fac-
tors may be absent in as many as one third of fatal
cases.’ Symptoms and signs include anorexia, nausea,
vomiting, lethargy, edema, fever, coma, and seizures.®
Magnetic resonance imaging may show diffuse high sig-
nal intensity on T.-weighted images.”

The role of carnitine deficiency in valproate-induced
severe hepatotoxicity is unclear. Carnitine deficiency was
found in several cases of valproate-induced hepatotoxic-
ity!® and in some cases of a Reye syndrome-like illness
associated with valproate therapy'?*58 but not in another
case.” Carnitine levels may be normal before the onset of
hepatic failure, and pretreatment with carnitine may not
prevent the onset of symptoms.??% When symptoms
developed, treatment with up to 100 mg/kg daily of L-car-
nitine in several cases did not reverse the symptoms or
prevent death.*®5! No controlled clinical trials have been
reported of carnitine pretreatment to prevent valproate-
associated hepatotoxicity or of acute high-dose carnitine
therapy for patients with symptoms of valproate-induced
hepatic failure, however. Thus, the absence of reported
cases in which carnitine therapy was successful does not
necessarily mean this therapy is useless, and further stud-
ies are needed. Until controlled studies demonstrate that
a defined protocol for carnitine treatment does in fact
protect against valproate-induced hepatotoxicity, clini-
cians should not rely on carnitine treatment to prevent
this complication.

Anecdotal evidence suggests that unsuspected under-
lying inborn errors of metabolism may be a significant
risk factor for valproate-induced coma or hepatic failure.
Disorders of fatty acid oxidation®?* and urea cycle disor-
ders® have been reported in patients who survived these



complications of valproate therapy. The author is aware
of several unreported sibships in which one sibling died
of valproate-induced hepatic failure before another sib-
ling was found to have an inborn error of metabolism.
These metabolic disorders may be associated with carni-
tine deficiency or insufficiency.” Preexisting metabolic
disease may not account for all cases of valproate-
induced hepatic failure, but it appears prudent to avoid
giving valproate to patients who may have an inborn
metabolic error. This means that in patients whose etiol-
ogy of seizures is unknown, screening for metabolic dis-
ease should precede therapy with valproate.® This
screening includes measurement of urinary organic acids,
blood gases, and blood levels of lactate, pyruvate, carni-
tine, and ammonia.

Not all cases of valproate-associated hepatotoxicity
are fatal, but no consistent differences have been found
between those who survive and those who do not.*® A
protocol that included valproate monotherapy and carni-
tine supplementation was effective in preventing recur-
rence of hepatotoxicity and controlling seizures in sev-
eral patients who had survived a previous hepatotoxic
episode while on valproate polypharmacy and who had
no evidence of underlying metabolic disease.? These
patients were treated before the newer anticonvulsants
such as felbamate or lamotrigine became available, how-
ever. This protocol must be considered high risk and war-
ranted only when no reasonable alternatives exist for
patients with serious refractory seizures.

The author is not aware of any studies that have
examined carnitine levels in patients with other adverse
effects of valproate such as pancreatitis or thrombocy-
topenia. Also, apparently no studies have examined carni-
tine levels in patients with adverse effects of other anti-
convulsant drugs.

VALPROATE-RELATED HYPERAMMONEMIA

Hyperammonemia is a common occurrence in valproate-
treated patients who do not have any evidence of hepatic
failure. The initial reports emphasized the correlation of
hyperammonemia with symptoms of lethargy and hypoto-
nia.%%” Similar symptoms were noted in several subse-
quent reports of valproate-related hyperammonemia%-7!
but not in other studies.?”15727 Ammonia levels were not
reported in two patients who developed asterixis on val-
proate.™ Although hyperammonemia without hepatic fail-
ure is almost always reversible, one unreported case with
a fatal outcome is known to the author. As a result of
these studies, the clinical significance of hyperammone-
mia is controversial, and some authors consider it to be
of little significance.?*™ Hyperammonemia is surely not
good, but it is unclear whether it is bad or always war-
rants a change in therapy. For example, the author does
not change therapy if the patient is asymptomatic and the
ammonia level is less than twice the normal level.

The mechanism of valproate-related hyperammone-
mia appears to be related to inhibition of carbamoyl
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phosphate synthesis and urea formation,”>™ as well as to
increased renal ammonia production.”™ It appears to be
more common in patients on multiple anticonvulsant
drugs including valproate than in patients on valproate
alone.!”™® Hyperammonemia was correlated with carnitine
deficiency in some srudies®'*!® but not in others,3715.174¢
Animal studies showed that carnitine treatment pre-
vented or reversed valproate-related hyperammone-
mia.™ ™ Carnitine treatment also reversed hyperammone-
mia in several human studies.*'3

These data suggest that a reasonable clinical
approach is to measure ammonia levels in patients taking
valproate who develop symptoms of altered conscious-
ness, hypotonia, asterixis, or ataxia. If the ammonia level
is increased and alternative anticonvulsant therapy is
available, valproate should probably be discontinued. If
the ammonia level is increased and continued valproate
therapy is indicated. withdrawal of other anticonvulsant
drugs (valproate monotherapy) could be attempted first.
If hyperammonemia persists, treatment with carnitine
could then be provided.

CARNITINE TREATMENT

Camitine treatment does not appear to be indicated for
every patient taking valproate, so a risk-screening strat-
egy seems warranted to identify patients most likely to
benefit from treatment with carnitine.* Table 2 identifies
risk factors that might be expected to predict carnitine
deficiency, based on the data reviewed above. Young chil-
dren (less than 10 years old) appear to have a greater risk
than older children and adults. Patients with mental retar-
dation who have multiple neurologic disabilitics, such as
cerebral palsy, microcephaly, or blindness, and who are
nonambulatory are more likely to have carnitine defi-
ciency than are patients with mental retardation who are
robust and healthy. Patients who are mainourished or
underweight or whase diets are low in carnitine-contain-
ing products, including those on intravenous hyperali-
mentation or on tube feedings not supplemented with
camitine, are at risk for nutritional carnitine deficiency.
Numerous studies have shown that carnitine levels are
lowest in patients taking multiple anticonvulsant drugs
including valproate, so these patients are at risk for carni-
tine deficiency. The risk appears to be less in those on
valproate monotherapy or on other anticonvulsant drugs,

Table 2. Risk Factors for Carnitine Deficiency

Young age (less than 10 years old)

Multiple neurologic disabilities (mental retardation, cerebral palsy,
blindness, microcephaly)

Nonambulatory status

Underweight (decreased weight for height)

Diet low in meat and dairy products

On tube feeding or intravenous hyperalimentation

Taking multiple anticonvuisant drugs including valproate

Hyperammonemia

Hypoglycemia

Metabolic acidosis
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but carnitine deficiency can accur in these patients as
well. Hyperammonemia was correlated with carnitine
deficiency in several studies. Hyperammonemia, hypo-
glycemia, and metabolic acidosis are risk factors for car-
nitine deficiency because they may indicate the presence
of an underlying inborn error of metabolism.

When the risk factors shown in Table 2 were
assessed in 38 children with epilepsy who had plasma
carnitine levels measured, there was a significant inverse
correlation between the number of risk factors present
and the carnitine level. Carnitine levels were lowest in
those with the greatest number of risk factors present. All
children with less-than two risk factors had normal carni-
tine levels, whereas all children with five or more risk
factors had carnitine deficiency.®

Table 3 shows the effects of carnitine treatment on
symptoms and signs in children with two or more of the
risk factors shown in Table 2.* Clinical improvement was
noted in more than 50% of children with symptoms of
apathy, lethargy, listlessness, anorexia, constipation, nau-
sea, and vomiting. Improvement was also noted in some
children with symptoms of weakness and hypotonia, and
some children had fewer seizures. Camnitine levels were
not measured in all children before treatment, so correla-
tion of the clinical response with preexisting carnitine
status was not possible. This was an unblinded, uncon-
trolled study using varying doses of carnitine, and the
response was measured clinically, so the results should
be interpreted with caution. They do provide some pre-
liminary support for further controlled trials of carnitine
therapy in patients at risk for carnitine deficiency. The
risk factors shown in Table 2 could be used to identify
appropriate candidates for such trials.

Kelley noted the paucity of good scientific data on the
effects of camnitine therapy in patients with epilepsy and
called for more carefully controlled clinical trials to exam-
ine the benefits of this therapy.*” Only one such study has
been reported so far. This study examined the effects of
camnitine therapy in 47 children with epilepsy. Seventeen
were taking valproate alone, five were taking valproate
plus other anticonvulsant drugs, and 15 were taking carba-
mazepine alone. All had normal carnitine levels, all were
asymptomatic, and their baseline well-being was rated by
their parents as above average on a scale devised by the
investigators. Using a double-blind, placebo-controlled
crossover design, the investigators showed no significant
improvement in well-being when the children were taking
camitine.”® These results underscore the importance of a
risk factor approach to identifying patients for carnitine
treatment; the subjects in this trial were asymptomatic
and would not be considered at risk for carnitine defi-
ciency or expected to benefit from carnitine therapy.
Although the number of subjects in this study was small,
the results provide no support for camitine treatment of
asymptomatic children taking valproate. The results also
suggest that carnitine treatment is not likely to benefit
patients with normal carnitine levels or patients with mini-
mal risk of carnitine deficiency. Given the design of the

Table 3. Resuits of Carnitine Therapy in 20 Children With Epilepsy
Who Had Two or More Risk Factors for Carnitine Deficiency

Symptom or Present Before Improved After
Sign Examined Treatment, no.  Treatment, no. (%)*
Muscle weakness 13 2 (15)
Muscle pain or tenderness 0 — (=)
Hypotonia 7 2 (29)
incoordination 12 2 (7
Frequent seizures 16 5 (3N
Lethargy 1" 7 (64)
Listiessness 1 6 (55)
Apathy 13 7 (54)
Poor concentration 7 1 (14)
Headaches 0 — =)
Loss of appetite 8 7 (88)
Nausea or vomiting 6 5 (83)
Constipation 4 3 (75)

*One child was worse because of irritability and agitation.

study, however, these results should not be misinter-
preted to predict that carnitine treatment would be
equally ineffective in symptomatic patients and in patients
who are at risk for camitine deficiency. More controlled
clinical trials of carnitine treatment are needed that
explicitly target these substantially different populations.

Most studies have reported that carnitine treatment
had no effect on blood levels of valproate,'® but one
study reported a decrease in the valproate half-life after
carnitine treatment.™ Carnitine is usually well tolerated
but occasional adverse effects include a “fishy” body
odor, nausea, and diarrhea. Indeed, some parents elect to
continue carnitine treatment for their children primarily
because of the apparent improvement in gut motility and
reduction in constipation. The benefits and adverse
effects of very large doses of carnitine in patients with
metabolic disease remain controversial.®

CONCLUSIONS

The purpose of this review was to summarize the avail-
able data in order to help clinicians answer the questions
of when to measure carnitine levels and when to provide
treatment with carnitine. Two conclusions are immedi-
ately available: carnitine deficiency is not uncommon in
patients with epilepsy, and some patients appear to bene-
fit from carnitine treatment. Faced with a particular
patient, however, clinicians need to know whether that
patient is likely to have carnitine deficiency and whether
that patient is likely to benefit from carnitine treatment.
The data reviewed suggest that it may be possible to
identify risk factors for carnitine deficiency in patients
with epilepsy. These risk factors include young age, inad-
equate nutrition, multiple neurologic disabilities, therapy
with multiple anticonvulsant drugs including valproate,
hyperammonemia, and evidence of an underlying inborn
error of metabolism (Table 2). Thus, measurement of car-
nitine levels is not necessary in all patients. When these
risk factors are absent, carnitine deficiency appears to be
unlikely, and measurement of carnitine levels is generally
unnecessary. When several of these risk factors are pre-



sent, the likelihood of carnitine deficiency is increased
and measurement of carnitine levels is worth consider-
ing. Mildly reduced carnitine levels that arc still within
the normal range may be of no clinical significance, but
careful attention is warranted when plasma carnitine
deficiency is present (free carnitine level more than two
standard deviations below the mean for healthy con-
trols). Muscle carnitine deficiency may exist even when
blood camitine levels are normal, but muscle biopsy for
measurement of carnitine levels is ordinarily not indi-
cated in patients with epilepsy.

Carnitine treatment will probably be ineffective and is
not indicated if the patient is asymptomatic, has few or
none of the risk factors listed in Table 2, or has carnitine
levels in the normal range. Carnitine treatment is worth
considering if the patient has free carnitine deficiency,
hyperammonemia, or symptoms of apathy, lethargy, list-
lessness, anorexia, constipation, nausea, vomiting, weak-
ness, or hypotonia. The patient’s clinical response to carni-
tine therapy should be monitored carefully, and carnitine
may be discontinued if there is no evidence of improve-
ment. Routine administration of carnitine to young chil-
dren taking valproate in order to prevent hepatic failure
does not appear to be warranted, because there is no evi-
dence that it is protective and hepatic failure has occurred
in children taking carnitine. Acute administration of camni-
tine to patients with valproate-induced hepatic failure is
generally recommended, however.

Clearly, more studies are needed to investigate the
role of carnitine deficiency and its treatment in patients
with epilepsy. These studies should be well designed and
should include carefully controlled clinical trials in
appropriately selected patients.
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