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Abstract

This study was performed to evaluate carnitine deficiency in a large series of epilepsy children and adolescents treated with old and new

antiepileptic drugs with or without ketogenic diet. Plasma free carnitine was determined in 164 epilepsy patients aged between 7 months and

30 years (mean 10.8 years) treated for a mean period of 7.5 years (range 1 month-26 years) with old and new antiepileptic drugs as mono or

add-on therapy. In 16 patients on topiramate or lamotrigine and in 11 on ketogenic diet, plasma free carnitine was prospectively evaluated

before starting treatment and after 3 and 12 months, respectively. Overall, low plasma levels of free carnitine were found in 41 patients

(25%); by single subgroups, 32 out of 84 patients (38%) taking valproic acid and 13 of 54 (24%) on carbamazepine, both as monotherapy or

in combination, showed low free carnitine levels. A higher though not statistically significant risk of hypocarnitinemia resulted to be linked to

polytherapy (31.5%) versus monotherapy (17.3%) (PZ.0573). Female sex, psychomotor or mental retardation and abnormal neurological

examination appeared to be significantly related with hypocarnitinemia, as well. As to monotherapy, valproic acid was associated with a

higher risk of hypocarnitinemia (27.3%) compared with carbamazepine group (14.3%). Neither one of the patients on topiramate (10),

lamotrigine (5) or ketogenic diet (11) developed hypocarnitinemia during the first 12 months of treatment. Carnitine deficiency is not

uncommon among epilepsy children and adolescents and is mainly linked to valproate therapy; further studies are needed to better

understand the clinical significance of serum carnitine decline.

q 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Carnitine (beta-hydroxy-gamma-trimethylaminobutyric

acid) is a water-soluble quaternary amine with important

intracellular functions [1,2] and only biologically active in

the L isoform [1,3]. It acts as cofactor for mitochondrial

fatty acid oxidation by transferring long-chain fatty acids as

acylcarnitine esters across the inner mitochondrial mem-

brane; facilitates branched-chain alfa-ketoacid oxidation;

shuttles acyl-CoA products of peroxisomal beta-oxidation

to mitochondrial matrix in the liver; modulates the acyl-

CoA-to-CoA ratio in mammalian cells; esterifies potentially

toxic acyl-CoA metabolites that impair the citric acid cycle,
0387-7604/$ - see front matter q 2005 Elsevier B.V. All rights reserved.
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urea cycle, gluconeogenesis and fatty acid oxidation during

acute clinical crises [4]. In omnivores, approximately 75%

of carnitine comes from the diet and 25% from endogenous

biosynthesis [5]. Human skeletal muscle (the major tissue

reservoir of carnitine), heart, liver, kidney and brain are

capable of carnitine biosynthesis [6].

Carnitine deficiency was defined as a plasma free

concentration of %20 mM/L at an age older than 1 week

after term or a plasma esterified-to-free ratio of R0.4 at an

age older than 1 week after term [7]. A subnormal

concentration of total carnitine may result from decreased

biosynthesis, inadequate dietary intake, inadequate absorp-

tion, defective tissue transport, excessive renal excretion,

inborn errors of metabolism. Carnitine deficiency may be

classified as primary or secondary. The criteria for diagnosis

of primary syndromes are: severe reduction of plasma or

tissue carnitine levels, evidence that the low carnitine levels

impairs fatty acid oxidation, correction of the disorder when

carnitine levels are restored and exclusion of other primary
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Table 1

General characteristics of the sample (164 pts)

No

AEDS

No PTS Sex Age range BMI range PMD/IQ NE Type of epilepsy Duration of

epilepsy range

Total time of

treatment

range

Hypocar-

nit. No

PTS

F M (mean,

years)

(mean) N (%) P (%) N (%) P (%) GE PE (mean, years) (mean, years)

1 75 31 44 7 months–

26 years

(10.1)

12.5–31.7

(21.24)

47 (62.6) 28 (37.3) 50 (66.6) 25 (33.3) 30 45 2 months–19

years (5.6)

1 month–10

years 6 months

(5.5)

13 (17.3)

2 44 20 24 1 year 6

months–

27 years

(11.9)

10.41–33.78

(19.98)

22 (50) 22 (50) 26 (59.1) 18 (40.9) 21 23 8 months–26

years (9.2)

7 months–26

years (9)

12 (27.3)

3 31 17 14 1 years 4

months–

30 years

(11)

9.2–27.54

(18.83)

10 (32.2) 21 (67.7) 13 (41.9) 18 (58.1) 19 12 9 months–23

years 6 months

(9.1)

8 months–23

years 4 months

(9)

12 (38.7)

4 13 5 8 3 years 8

months–

21 years 6

months

(11.4)

14.2–26.79

(20.39)

2 (15.4) 11 (84.6) 3 (23.1) 10 (76.9) 8 5 2 years 4

months–21

years 3 months

(10.1)

2 years 2

months–21

years 2 months

(9.10)

4 (30.7)

5 1 0 1 2 years 18.3 0 1 1 0 0 1 1 years 4

months

1 year 3

months

0

No AEDs, number of antiepileptic drugs; No PTS, number of patients; Sex F/M, female and male sex; BMI: body mass index; PMD/IQ N P, psychomotor; development/intelligence quotient, normal or

pathological; NE N P, neurological examination, normal or pathological. Type of epilepsy, GE, PE, FC, generalized epilepsy, partial epilepsy, feverish convulsions. Hypocarnit. No PTS (%), number and

percentage of patients with hypocarnitinemia at the first sample of blood (P0).
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defects in fatty acid oxidation [8]. Much more common are

secondary syndromes, which produce a decrease in the levels

of carnitine in plasma (!20 mM/L) or tissues or increased

ratio (O0.4) of esterified to free carnitine or both. They may

be associated with genetically determined metabolic errors,

acquired medical conditions or iatrogenic factors such as

drug administration [7].

Carnitine deficiency is not uncommon in patients with

epilepsy. Risk factors for carnitine deficiency include young

age (less than 10 years old), neurologic disabilities (mental

retardation, cerebral palsy, microcefaly, blindness), diet low

in meat and dairy products, on tube feeding or intravenous

hyperalimentation, therapy with multiple anticonvulsant

drugs including valproate, hyperammonemia, hypoglyce-

mia, metabolic acidosis and evidence of an underlying

inborn error of metabolism [9].

Numerous studies have shown that the total or free

plasma carnitine concentrations, or both, are significantly

lower in patients taking multiple AEDs, including VPA or

VPA alone [10–16]. Some studies report hypocarnitinemia

in patients taking anticonvulsant drugs other than valproate,

such as carbamazepine, phenytoin or phenobarbital

[15,17,18]; other studies have found no difference [19].

No data are available relative to the more recently

introduced AEDs.

In the present study levels of free carnitine were

evaluated in a large series of epilepsy children, adolescents

and young adults treated with old and new AEDs, in

monotherapy or in combination, in order to better under-

stand the clinical significance of carnitine deficiency, and

which of the old drugs other than valproate or which of the

new drugs as topiramate and lamotrigine can cause carnitine

deficiency. Moreover, a subset of patients was administered

ketogenic diet in addition to their baseline AEDs.
2. Material and methods

Patients were recruited among those followed in the

Epilepsy Unit of the Clinic of Child Neuropsychiatry from

January 2002 to June 2003.

Inclusion criteria were: (1) epilepsy patients on mono or

polytherapy from 3 months and over; or (2) patients who

started topiramate or lamotrigine as mono or add-on

therapy; or (3) patients who started ketogenic diet in

combination to their baseline antiepileptic drugs.

Exclusion criteria were the following: (1) primary

carnitine deficiency; (2) chronic assumption of drugs other

than antiepileptic therapy; (3) progressive degenerative or

metabolic diseases.

In patients selected following criteria (1), a blood sample

for the dosage of free carnitine was drawn; patients selected

by criteria (2) and (3) were followed prospectively and each

of them underwent a blood evaluation for free carnitine

before starting the new treatment (T0) and after 3 and 12

months (T3 and T12).
In the same day the following biochemical parameters

were measured: a full blood count, glucose, iron, uric acid,

urea, creatinine, serum alanine aminotransferase (ALT),

aspartate amino-transferase (AST), gammaglutamyl trans-

ferase (GGT), and AED blood level.

For each patient data were evaluated based on sex, age,

psychomotor development/intelligence quotient, body mass

index, neurological examination, type and duration of

epilepsy, type and duration of treatment, daily dose/Kg of

body weight, previous antiepileptic treatments and their

length, adverse drug reactions.

A fasting blood sample was drawn and sent to the Sigma-

tau Central Laboratory for measurement of the free carnitine

in a TBA-80PR (Toshiba Co, Japan) automatic analyser by

enzyme cycling method.

Based on the statements from Committee on Carnitine

and Seizures [20], carnitine deficiency was defined as: (1) a

plasma free concentration of !orZ20 Micromoles/dl at an

age older than 1 week after term or (2) a plasma esterified-

to-free-ratio ofR0.4 at an age older than 1 week after term.

Clinical and laboratory data were processed using a

computer statistical package (SPSS). Data were analysed

statistically using chi-square test.
3. Results

The study group is composed by 164 patients (73 females

and 91 males), aged between 7 months and 30 years (mean

10.8 years), with generalised (78 pts; 47.6%) or partial (86

pts; 52.4%) epilepsies. The overall duration of epilepsy

ranged from 2 months and 26 years (mean 7.6 years), and

the time on antiepileptic drug therapy was comprised

between 1 month and 26 years (mean 7.5 years). At the time

of enrolment, the patients were assuming 1 (75; 45.7%), 2

(44; 26.8%), 3 (31; 18.9%), 4 (13; 7.9%), 5 (1; 0.6%)

antiepileptic drugs. Eleven out of 164 (6.7%) patients were

started on ketogenic diet.

Overall, low plasma levels of free carnitine were found in

41 patients (25%); by single subgroups, 32 out of 84 patients

(38%) taking VPA and 13 of 54 (24%) on carbamazepine,

both on monotherapy or in combination, showed low free

carnitine levels. Table 1 summarises the data relative to

each subgroup, based on the number of antiepileptic drugs.

A higher though not statistically significant risk of

hypocarnitinemia results to be linked to polytherapy

(31.5%) compared with monotherapy (17.3%) (PZ.0573).

In addition, risk factors significantly associated with

polytherapy were an abnormal neurological examination

and a psychomotor delay or mental retardation (P!0.05, at

chi-square test).Table 2 shows data regarding monotherapy;

it is noteworthy that valproic acid is associated with a higher

risk of hypocarnitinemia (27.3%) compared with carbama-

zepine group (14.3%); none of the patients on phenobarbi-

tone (9), lamotrigine (6) and topiramate (4) developed low

serum levels of carnitinemia.
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As to bitherapy (44 patients), nine of 18 patients (50%)

on valproic acid plus one other AED, two out of 15 patients

(13.3%) assuming carbamazepine plus one other AED, and

1 of 3 patients (33.3%) on carbamazepine plus valproate

resulted hypocarnitinemic. None of the 8 patients on other

antiepileptic combinations developed low free carnitine

levels.

As to tritherapy (31 patients), hypocarnitinemia was

found in 2 out of 6 patients (33.3%) on carbamazepine

plus two AEDS other than VPA, in 7 of 16 (43.7%) on

VPA plus two AEDs other than CBZ, and 2 of 5 (40%)

on CBZ plus VPA and another AED. One of 4 children

on combination not including CBZ and VPA was

hypocarnitinemic.

Among patients on four antiepileptic drugs (13), one

of six (16.7%) on AED combination including VPA and

three of six (50%) including CBZ plus VPA were found

hypocarnitinemic. One other patient on CBZ plus other

drugs other than VPA disclosed normal blood values.

Table 3 summarises the main clinical features of

patients with hypocarnitinemia (41 patients) compared

with normal values group (123 patients). Factors that

appear to be significantly related with hypocarnitinemia,

are gender (females 63.4 vs 38.2% of normocarnitinemic;

P!0.05; ORZ.356; 95% ClZ.160 and .786), abnormal

neurological examination (mostly tetraparesis, diplegia,

and dystonia) (P!0.05; ORZ.438; 95% ClZ.200 and

.953).

Thirty-two out of 84 children (38.1%) on valproate both

as mono or add-on therapy (Table 4), showed low free

carnitine levels. In this group too, hypocarnitinemia resulted

significantly related to female sex (P!0.05; ORZ.301;

95% ClZ1.07 and .382) and abnormal neurological

examination (P!0.05; ORZ.375; 95% ClZ.136 and

1.01). Thirteen out of 54 children on carbamazepine as

mono or add-on therapy (24%) resulted hypocarnitinemic

(Table 5); none of the aforementioned risk factors was

significant in this group.

Table 6 shows the effect on plasma levels of free

carnitine in 16 patients who had been assuming an

antiepileptic drug as first-line or add-on treatment to their

baseline therapy. Neither one of the patients on TPM (10) or

LTG (5) developed hypocarnitinemia during the first 12

months of treatment.

Eleven out of 164 patients were prospectively treated

with ketogenic diet as add-on therapy to their baseline

AEDs. In all children, the diet was started at the classic 4:

1 ratio (ratio of grams of fat to protein and carbohydrate).

No one patient received liquid formula for the ketogenic

diet or was fed by tube feeding or intravenously. Clinical

features and free carnitine values are summarized in

Table 7. Blood samples were drawn before starting the

diet and after 3 and 12 months, respectively. None of the

patients developed abnormal levels of plasma free

carnitine.
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4. Discussion

In the present study a large series of epilepsy children,

adolescents and young adults, assuming old and new

antiepileptic drugs both in mono or add-on therapy, has

been reported. In addition, a few patients were administered

ketogenic diet as adjunctive treatment to their own baseline

drugs.

The overall data show carnitine deficiency in about 25%

of our patients, to be mainly linked to valproate assumption

both as mono or add-on. Literature data show a carnitine

deficiency in patients taking valproate ranging from 4 to

76% [11,14–17,21,22].

According with Castro-Gago et al. [15], carnitine

deficiency was also found in 24% of our patients assuming

carbamazepine as mono or add-on therapy. Carnitine

deficiency occurring in patients treated with drugs other

than VPA is also worth noting, and it probably suggests that

an impairment of carnitine metabolism is part of a more

general biochemical effect of AED therapy on lipid

metabolism.

Persisting normal plasma free carnitine in all children

treated with topiramate or lamotrigine as mono or in

combination over a 12 months period, are also noteworthy.

To our knowledge, these are the first available data relative

to two of the most prescribed new antiepileptic drugs.

In our series, other possible risk factors resulted to be

female sex, psychomotor delay or mental retardation and an

abnormal neurological examination

Prevalence of carnitine deficiency among females treated

with valproic acid was first reported by Beghi et al. [17].

Consequently, this author assumed that carnitine require-

ments might differ according to sex. Thus, this variable

should be considered when the risk of carnitine deficiency

and subsequent liver failure, is being assessed in patients

receiving AED therapy with or without valproic acid.

In our sample, cerebral palsy appeared to be significantly

associated with low free carnitine levels; this issue appears

indirectly confirmed by the absence of carnitine deficiency

in epilepsy children without severe neurologic problems

being treated with valproate [23].

In our children on ketogenic diet, carnitine levels

remained substantially unchanged at least in the short

period, accordingly with Berry-Kravis et al. [24] who

confirm that most patients on KD do not require carnitine

supplementation.

All our children with low carnitine levels were

apparently asymptomatic, according with other reports [9,

10,12] in which there was no clear correlation between

carnitine deficiency and clinical symptoms. Further,

carnitine supplementation in such patients may be followed

by an increase of the carnitine levels to ‘normal’ without a

noticeable change in their clinical status [25].

Based on the fact that in asymptomatic patients low

plasma carnitine levels may not reflect the actual muscle

tissue concentrations of carnitine, ‘low’ carnitine levels



Table 4

Patients on valproate as mono or add-on therapy (84 pts)

(Carniti-

nemia)

No PTS Sex Age BMI PMD/IQ NE Duration of

epilepsy

Time of last

treat

Total time of

treatment

VPA as Mg/kg/

day

[Carnitinemia]

F M Range

(mean,

years)

Range

(mean)

N P N P Range (mean,

years)

Range (mean,

years)

Range (mean,

years)

Mean (GSD) Mean (GSD)

!20 32 21* 11 1 year 6

months–

30 years

(11.5)

12.06–32.8

(20.53)

11 21 12 20** 6 month–25

years (9.9)

2 months–10

years (1.9)

2 months–25

years (9.2)

19.83 (G9.01) 14.60 (G4.74)

O20 52 19* 33 1 year 4

months–

26 years

(10.6)

9.2–33.78

(21.27)

25 27 32 20** 8 months–21

years 3 months

(6.9)

1 month–19

years (2.8)

7 months–21

years 3 months

(6.8)

18.02 (G7.78) 33.83 (G8.89)

(Carnitinemia), plasma free carnitine concentration. *(c2) P!0.05; ORZ0.301; 95% ClZ1.07 and 0.382. **(c2) P!0.05; ORZ0.375; 95% ClZ0.136 and 1.01.

Table 5

Patients on carbamazepine as mono or add-on therapy (54 pts)

(Carniti-

nemia)

No

PTS

Sex Age BMI PMD/IQ NE Duration of

epilepsy

Time of last

treat

Total time of

treatment

CBZ as Mg/kg/

day

[Carnitinemia]

F M Range

(mean,

years)

Range

(mean)

N P N P Range (mean,

years)

Range (mean,

years)

Range (mean,

years)

Mean (GSD) Mean (GSD)

!20 13 6 7 2 years 7

months–25

years (10.2)

13.84–32.8

(19.85)

5 8 5 8 1 years 4

months–25

years (7.9)

3 month–10

years (2.5)

1 year 2

months–25

years (7.76)

15.94 (G7.25) 15.29 (G4.95)

O20 41 16 25 3 years 4

months–29

years (12.4)

12.3–33.08

(19.62)

22 19 26 15 3 months–26

years (9.5)

1 month–16

years (3.2)

1 month–26

years (9.3)

14.84 (G6.69) 32.21 (G5.62)
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Table 6

Prospective serum levels of free carnitine in 16 patients who assumed topiramate or lamotrigine as monotherapy or add-on

No of

bas.

AEDs

No

PTS

Sex Age BMI PMD/IQ NE Type of

epilepsy

Duration of

epilepsy

AED AS TO T3 T12

F M Range

(mean,

years)

Range

(mean)

N P N P GE PE Range

(mean,

years)

Monoth. or

add-on

Mean (G SD) Mean (G SD) Mean (G SD)

0 4 2 2 6–10 years

(8.4)

15.68–21.

32 (18.4)

3 0 3 0 3 1 2 months–8

months (4)

2LTG

2TPM

41.41 (G11.15) 38.27 (G16.65) 37.55 (G7.72)

1 8 4 4 1 year 6

months–15

years (9.7)

10.41–19.

86 (16.2)

3 5 4 4 3 5 8 months–

13 years

(6.1)

1 LTG 7

TPM

32.93 (G5.71) 35.64 (G10.99) 39.24 (G10.37)

2 3 1 2 1 year 4

months–6

years (3.9)

16–18.75

(17.6)

1 2 2 1 1 2 9 months–6

years (2.1)

3 TPM 35.67 (G13.34) 34.12 (G9.85) 31.20 (G14.06)

4 1 0 1 2 years 18.3 0 1 1 0 0 1 1 year 4

months

1 LTG 41.14 33.15 50.79

No of bas. AEDs, number of baseline AEDs.

Table 7

Prospective serum values of free carnitinemia in 11 patients on ketogenic diet

[Free carnitinemia]

No PTS Sex Age BMI PMD/IQ NE Type of

epilepsy

Duration

of epilepsy

Duration

of KD

No BAS.

AEDs (pts)

TO T3 T12

F M Range

(mean,

years)

Range

(mean)

N P N P GE PE Range

(mean,

years)

Range

(mean,

years)

Mean (GSD) Mean (GSD) Mean (GSD)

11 7 4 2 years 7

months–23

years 7

months

(10.3)

9.2-27.29

(18.46)

5 6 5 6 8 3 2 years 4

months–23

years 6

months (8.

7)

1 month–2

years

(0.6)

3 (8) 4 (2)

2 (1)

21.17 (G8.69) 22.03 (G9.65) 20.17 (G9.40)

Duration OF KD, duration of ketogenic diet. No BAS. AEDs (pts), number of baseline AEDs per patients (pts).
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should be interpreted with caution. Nonetheless, there is

evidence for carnitine supplementation to decrease a VPA-

induced asymptomatic hyperammonemia [26], that appears

otherwise transient and reversible in most patients [16].

If carnitine treatment is not likely to benefit low-risk,

asymptomatic patients, it may benefit those showing

clearcut clinical symptoms such as apathy, constipation,

nausea, vomiting, weakness or hypotonia [9,20].

In conclusion, our data confirm carnitine deficiency to be

not uncommon among epilepsy children and adolescents. It

is mainly linked to VPA as mono or add-on therapy though

other drugs as carbamazepine are not irrelevant. Other

major risk factors are represented by female sex and

multiple neurological abnormalities. Preliminary data seem

to rule out any significant role of lamotrigine, topiramate

and ketogenic diet.

Further prospective, long-term follow-up studies com-

paring low and normal carnitine level groups are needed to

better understand the clinical significance of serum carnitine

decline, given carnitine supplementation doesn’t always

prevent the emergence of serious hepatotoxicity [27]. Thus

far, carnitine therapy seems only justified in high risk

symptomatic patients.
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