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Uses and Administration
Levetiracetam is an analogue of piracetam (p.368). It is
used as an adjunct in the treatment of partial seizures
with or without secondary generalisations in adults and
children aged 4 years and over; in the UK, adults and
adolescents aged 16 years and over may also be given
levetiracetam as monotherapy for this indication. In
addition, levetiracetam is licensed for adjunctive use in
the treatment of myoclonic seizures in adults and chil-
dren aged 12 years and over with juvenile myoclonic
epilepsy. It is also licensed for use as an adjunct in the
treatment of primary generalised tonic-clonic seizures
in adults and children with idiopathic generalised epi-
lepsy; for this indication, in the UK, licensed use is re-
stricted to children aged 12 years and over, whereas in
the USA, it is licensed from 6 years of age. 
The daily oral dose of levetiracetam is given in two di-
vided doses. 
• The initial adult dose when used as an adjunct is 1 g

on the first day of treatment; thereafter, the daily
dose may be increased in steps of 1 g every 2 to 4
weeks until effective antiepileptic control is
achieved, up to a maximum dose of 3 g daily. 
The initial dose in children weighing less than 50 kg
is 20 mg/kg daily which may be increased in steps of
20 mg/kg every 2 weeks to a maximum of 60 mg/kg
daily. 
Children and adolescents weighing 50 kg or more
should be given the usual adult dose (see above). 
When used as monotherapy, the initial dose of leve-
tiracetam is 500 mg daily, increased after 2 weeks to
1 g daily. Further increases may be made in steps of
500 mg every 2 weeks up to a maximum of 3 g daily. 

When oral use is not feasible, levetiracetam may be
given by intravenous infusion over 15 minutes in doses
similar to those used orally; as with the oral formula-
tion, details of licensed uses and ages may vary from
country to country. UK licensed product information
states that there has been no experience with the use of
intravenous levetiracetam for more than 4 days. 
Reduced doses are recommended in renal and severe
hepatic impairment (see below). 
As with other antiepileptics, withdrawal of levetira-
cetam therapy or transition to or from another type of
antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. UK licensed product information recommends
reducing the daily dose in adults by 1 g every 2 to 4
weeks; in children, the dose reduction should not ex-
ceed 20 mg/kg every 2 weeks. For a discussion on
whether or not to withdraw antiepileptic therapy in sei-
zure-free patients, see p.465.
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Administration in children. Licensed indications and doses
of levetiracetam in children vary from country to country, see
Uses and Administration, above. It is mainly used for partial and
myoclonic seizures, and in idiopathic generalised epilepsy, often
as an adjunct. A retrospective review1 of 122 children aged from
1 month to 2 years given levetiracetam either as monotherapy
(48 patients) or adjunctive therapy (74 patients) found that 70
achieved seizure remission. Of these, a longer duration of remis-
sion was seen in those receiving less than 30 mg/kg daily of lev-
etiracetam. A case series2 of 3 infants aged from 2 days to 3
months reported that levetiracetam 30 mg/kg daily was effective
in the treatment of refractory neonatal seizures.
1. Perry MS, Benatar M. Efficacy and tolerability of levetiracetam

in children younger than 4 years: a retrospective review. Epilep-
sia 2007; 48: 1123–7. 
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Administration in hepatic impairment. No dose adjust-
ment is needed in patients with mild to moderate hepatic impair-
ment. In patients with severe hepatic impairment, creatinine
clearance (CC) may underestimate concomitant renal impair-
ment, and UK licensed product information recommends that the
usual adult maintenance dose (see above) should be reduced by
50% in those with a CC of less than 70 mL/minute.

Administration in renal impairment. Reduced doses of le-
vetiracetam are recommended for patients with renal impair-
ment. Suitable daily doses according to UK and US licensed
product information, based on creatinine clearance (CC) and giv-
en in 2 divided doses, are: 
• CC 50 to 79 mL/minute: 1 to 2 g 
• CC 30 to 49 mL/minute: 500 mg to 1.5 g 
• CC less than 30 mL/minute: 500 mg to 1 g 
Patients receiving dialysis may be given a loading dose of
750 mg when starting levetiracetam followed by doses of
500 mg to 1 g once daily; a supplemental dose of 250 to 500 mg
is recommended after dialysis. 
Doses may be given orally or intravenously, as necessary. 
See also above for dosage recommendations in those patients
with severe hepatic impairment and concomitant renal impair-
ment.

Epilepsy. Levetiracetam is used in epilepsy (p.465) as an ad-
junct or monotherapy in the management of partial seizures with
or without secondary generalisation.1-6 It is also used as an ad-
junct in myoclonic seizures7-9 and for generalised tonic-clonic
seizures,10 although valproate is the drug of choice in the latter
where these are associated with the syndrome of primary gener-
alised epilepsy. Levetiracetam may be considered as second-line
drug for atonic or tonic seizures, and has been tried in Lennox-
Gastaut syndrome and in juvenile absence epilepsy.11 In chil-
dren, levetiracetam has also been tried as adjunctive therapy for
nonconvulsive status epilepticus,12 in infantile spasms,13 and in
severe myoclonic epilepsy of infancy,14 and as monotherapy in
partial and generalised epilepsy.15
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Movement disorders. Levetiracetam may be of benefit in
some movement disorders. It has been tried in antipsychotic-in-
duced tardive dyskinesia1-3 and with equivocal benefit in levo-
dopa-induced tardive dyskinesia4,5 (see under Extrapyramidal
Disorders on p.971). There is also limited evidence of benefit
with levetiracetam for the treatment of chorea (p.953) in Hunt-
ington’s disease6,7 and in paroxysmal kinesigenic choreoatheto-
sis.8
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Muscle spasm. Levetiracetam has been tried with some suc-
cess in Meige’s syndrome,1 and hemifacial spasm.2 For use in
stiff-man syndrome see below.
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Neurol Scand 2006; 114: 63–6. 
2. Deleu D. Levetiracetam in the treatment of idiopathic hemifacial

spasm. Neurology 2004; 62: 2134–5.

Psychiatric disorders. Levetiracetam has psychotropic prop-
erties and has been tried in the management of anxiety disorders1

(p.952) including social anxiety disorder2 (see Phobic Disorders,
p.953), post-traumatic stress disorder3 (p.953), and panic
disorder4 (p.952). There is also limited evidence5 from case re-
ports and small open-label studies that levetiracetam may be of
benefit in the treatment of bipolar disorder (p.372).
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Restless legs syndrome. Levetiracetam has been reported to
be of benefit in the treatment of refractory restless legs syndrome
(see Sleep-associated Movement Disorders, p.958).1
1. Della Marca G, et al. Levetiracetam can be effective in the treat-

ment of restless legs syndrome with periodic limb movements in
sleep: report of two cases. J Neurol Neurosurg Psychiatry 2006;
77: 566–7.

Status epilepticus. Levetiracetam has been tried, with some
success, in the management of nonconvulsive status epilepticus1

and refractory status epilepticus.2 For the conventional manage-
ment of status epilepticus see p.469.
1. Rupprecht S, et al. Levetiracetam as a treatment option in non-

convulsive status epilepticus. Epilepsy Res 2007; 73: 238–44. 
2. Patel NC, et al. The use of levetiracetam in refractory status ep-

ilepticus. Seizure 2006; 15: 137–41.

Stiff-man syndrome. In a report1 of a patient with stiff-man
syndrome, substitution of levetiracetam for previous valproate
therapy (because of suspected valproate-induced parkinsonism)
resulted in complete suppression of paroxysmal spasms; benefit
was sustained with continued therapy over 2 years of follow-up.
1. Rüegg SJ, et al. Levetiracetam improves paroxysmal symptoms

in a patient with stiff-person syndrome. Neurology 2004; 62:
338.

Tremor. A beta blocker is often the first drug used in patients
with essential tremor who require regular treatment (p.1231);
however, levetiracetam has also been tried with some success.1
Benefit was also reported2 with levetiracetam in the treatment of
tremor secondary to multiple sclerosis.
1. Bushara KO, et al. The effect of levetiracetam on essential trem-

or. Neurology 2005; 64: 1078–80. 
2. Striano P, et al. Levetiracetam for cerebellar tremor in multiple

sclerosis: an open-label pilot tolerability and efficacy study. J
Neurol 2006; 253: 762–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Keppra; Levron; Austral.: Keppra; Belg.: Keppra; Canad.: Keppra;
Chile: Kopodex; Cz.: Keppra; Denm.: Keppra; Fin.: Keppra; Fr.: Keppra;
Ger.: Keppra; Gr.: Keppra; Hong Kong: Keppra; Hung.: Keppra; India:
Levroxa; Indon.: Keppra; Irl.: Keppra; Israel: Keppra; Ital.: Keppra; Ma-
laysia: Keppra; Mex.: Keppra; Neth.: Keppra; Norw.: Keppra; NZ: Kep-
pra; Philipp.: Keppra; Pol.: Keppra; Port.: Keppra; Rus.: Keppra (Кеппра);
S.Afr.: Keppra; Singapore: Keppra; Spain: Keppra; Swed.: Keppra;
Switz.: Keppra; Thai.: Keppra; Turk.: Keppra; UK: Keppra; USA: Keppra.

Losigamone (rINN)

AO-33; Losigamona; Losigamonum. (5R*)-5-[(αS*)-o-Chloro-α-
hydroxybenzyl]-4-methoxy-2(5H)-furanone.
Лозигамон
C12H11ClO4 = 254.7.
CAS — 112856-44-7.
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Profile
Losigamone is an antiepileptic that has been investigated as ad-
junctive therapy in the treatment of partial seizures.
◊ References
1. Bauer J, et al. Losigamone add-on therapy in partial epilepsy: a

placebo-controlled study. Acta Neurol Scand 2001; 103: 226–30. 
2. Baulac M, Klement S. Losigamone Study Group. Efficacy and

safety of losigamone in partial seizures: a randomized double-
blind study. Epilepsy Res 2003; 55: 177–89.

Mephenytoin (BAN, USAN, rINN)

Mefenitoína; Mefenytoiini; Mefenytoin; Mephenetoin; Méphény-
toïne; Mephenytoinum; Methantoin; Methoin; NSC-34652;
Phenantoin. 5-Ethyl-3-methyl-5-phenylhydantoin.
Мефенитоин
C12H14N2O2 = 218.3.
CAS — 50-12-4.
ATC — N03AB04.
ATC Vet — QN03AB04.

Pharmacopoeias. In US. 
USP 31 (Mephenytoin). Store in airtight containers.
Profile
Mephenytoin is a hydantoin antiepileptic with actions similar to
those of phenytoin (p.495), but it is more toxic. Because of its
potential toxicity it is not one of the main drugs used in the treat-
ment of epilepsy (p.465) and is given only to patients unrespon-
sive to other treatment. Some of the adverse effects of mepheny-
toin may be due to the metabolite, 5-ethyl-5-phenylhydantoin
(also termed nirvanol). Like phenytoin the rate of metabolism of
mephenytoin is subject to genetic polymorphism. 
Mephenytoin is given in an initial oral daily dose of 50 to 100 mg
for 1 week; thereafter the daily dose is increased by 50 to 100 mg
at weekly intervals until the optimum dose is reached, which is
usually between 200 and 600 mg daily for an adult and 100 and
400 mg daily for a child; daily maintenance doses are usually
taken in 3 divided doses.
Porphyria. Mephenytoin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Preparations
USP 31: Mephenytoin Tablets.
Proprietary Preparations (details are given in Part 3)
Austria: Epilan; Cz.: Epilan†.

Mesuximide (BAN, rINN)

Mesuksimidi; Mesuximid; Mesuximida; Mésuximide; Mesuximi-
dum; Methsuximide; PM-396. N,2-Dimethyl-2-phenylsuccinim-
ide.
Мезуксимид
C12H13NO2 = 203.2.
CAS — 77-41-8.
ATC — N03AD03.
ATC Vet — QN03AD03.

Pharmacopoeias. In US. 
USP 31 (Methsuximide). A white to greyish-white crystalline
powder. Is odourless or has a slight odour. Soluble 1 in 350 of
water, 1 in 3 of alcohol, 1 in less than 1 of chloroform, and 1 in 2
of ether. Store in airtight containers.
Profile
Mesuximide is a succinimide antiepileptic with actions similar to
those of ethosuximide (p.479) that is used in the treatment of ab-
sence seizures; although it also has some activity in complex par-
tial seizures it is reported to be less well tolerated than ethosux-
imide, and is usually only given to patients unresponsive to other
antiepileptic treatment. It is thought to owe its activity to its
major metabolite N-desmethylmesuximide. 

The usual initial oral dosage is a single dose of 300 mg daily for
the first week, and this is increased by 300 mg at weekly inter-
vals to an optimum dosage, according to response. The suggest-
ed maximum daily dose is 1.2 g in divided doses.

Epilepsy. Mesuximide is used for absence seizures that are re-
fractory to less toxic antiepileptics such as ethosuximide or val-
proate, which are the usual first-line drugs (see p.465). Mesux-
imide has also been tried in complex partial seizures and
myoclonic seizures. 
References.
1. Tennison MB, et al. Methsuximide for intractable childhood sei-

zures. Pediatrics 1991; 87: 186–9. 
2. Sigler M, et al. Effective and safe but forgotten: methsuximide

in intractable epilepsies in childhood. Seizure 2001; 10: 120–4.

Interactions. For the effect of mesuximide on lamotrigine and
valproate, see p.486 and p.511 respectively.

Porphyria. Mesuximide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Preparations

USP 31: Methsuximide Capsules.

Proprietary Preparations (details are given in Part 3)
Austria: Petinutin; Canad.: Celontin; Ger.: Petinutin; Israel: Celontin†;
Neth.: Celontin; Switz.: Petinutin; USA: Celontin.

Methylphenobarbital (BAN, rINN)

Enphenemalum; Mephobarbital; Methylfenobarbital; Méthyl-
phénobarbital; Methylphenobarbitalum; Methylphenobarbitone;
Metilfenobarbitál; Metilfenobarbital; Metilfenobarbitalis; Metylfe-
nobarbital; Metyylifenobarbitaali; Phemitone. 5-Ethyl-1-methyl-5-
phenylbarbituric acid.

Метилфенобарбитал

C13H14N2O3 = 246.3.

CAS — 115-38-8.

ATC — N03AA01.

ATC Vet — QN03AA01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Methylphenobarbital). A white or almost white,
crystalline powder or colourless crystals. Practically insoluble in
water; very slightly soluble in dehydrated alcohol. It forms wa-
ter-soluble compounds with alkali hydroxides and carbonates,
and with ammonia. 
USP 31 (Mephobarbital). A white, odourless, crystalline pow-
der. Slightly soluble in water, in alcohol, and in ether; soluble in
chloroform and in solutions of fixed alkali hydroxides and car-
bonates. Its saturated solution in water is acid to litmus.

Dependence and Withdrawal, Adverse Effects,
Treatment, and Precautions
As for Phenobarbital, p.492.

Interactions
As for Phenobarbital, p.493.

Pharmacokinetics
Methylphenobarbital is incompletely absorbed from the gas-
trointestinal tract. It is demethylated to phenobarbital (p.494) in
the liver.

Uses and Administration
Methylphenobarbital is used similarly to phenobarbital (p.494)
in the treatment of epilepsy (p.465). It is given in oral doses of up
to 600 mg daily. It has also been used as a sedative in a usual dose
of 50 mg 3 or 4 times daily.

Preparations

BP 2008: Methylphenobarbital Tablets; 
USP 31: Mephobarbital Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Prominal†; USA: Mebaral.

Multi-ingredient: Arg.: Cumatil L; Ital.: Dintoinale; Metinal-Idantoina;
Metinal-Idantoina L.

Oxcarbazepine (BAN, USAN, rINN)

GP-47680; KIN-493; Okskarbatsepiini; Okskarbazepin; Oxcar-
bazepin; Oxcarbazepina; Oxcarbazépine; Oxcarbazepinum.
10,11-Dihydro-10-oxo-5H-dibenz[b,f]azepine-5-carboxamide.
Окскарбазепин
C15H12N2O2 = 252.3.
CAS — 28721-07-5.
ATC — N03AF02.
ATC Vet — QN03AF02.

Adverse Effects, Treatment, and Precau-
tions
As for Carbamazepine, p.472. 
Hypersensitivity reactions such as skin rashes (see also
under Carbamazepine, p.473) occur less frequently
with oxcarbazepine than with carbamazepine. Howev-
er, cross-sensitivity does occur and about 25 to 30% of
patients hypersensitive to carbamazepine may experi-
ence such reactions with oxcarbazepine. Reductions in
plasma-sodium levels have also been observed with
oxcarbazepine (see Hyponatraemia, below). Patients
with cardiac insufficiency and secondary heart failure
should be weighed regularly to detect fluid retention.
Oxcarbazepine may, very rarely, impair cardiac con-
duction and patients with pre-existing conduction dis-
orders should be carefully monitored. Very rarely, ox-
carbazepine treatment has been associated with
pancreatitis. 
Dosage reductions are recommended in renal impair-
ment.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Effects on the blood. Although it would appear that oxcar-
bazepine is less likely than carbamazepine to cause blood dyscra-
sias such as leucopenia, individual cases have been reported. In
one such case leucopenia and hyponatraemia developed in a 57-
year-old woman while taking oxcarbazepine;1 she recovered
after treatment with filgrastim. It was noted that the patient
had experienced a similar reaction when taking carbamazepine.
Oxcarbazepine has also been associated with reversible
pancytopenia2 in a 40-year-old woman, and reversible
thrombocytopenia3 in a 63-year-old woman.
1. Ryan M, et al. Hyponatremia and leukopenia associated with ox-

carbazepine following carbamazepine therapy. Am J Health-Syst
Pharm 2001; 58: 1637–9. 

2. Calamaras MR, et al. Pancytopenia associated with the introduc-
tion of oxcarbazepine. J Clin Psychopharmacol 2007; 27:
217–18. 

3. Mahmud J, et al. Oxcarbazepine-induced thrombocytopenia.
Psychosomatics 2006; 47: 73–4.

Effects on mental function. For a review of the effects of
antiepileptic therapy on cognition, and the effects of oxcar-
bazepine on mood (including the risk of suicidal ideation), see
p.468.
Effects on sexual function. For mention of the effects of anti-
epileptics including oxcarbazepine on sexual function in male
epileptic patients, see Effects on the Endocrine System, under
Phenytoin, p.496.
Hyponatraemia. Hyponatraemia appears to be more pro-
nounced at clinical doses of oxcarbazepine than with car-
bamazepine. Hyponatraemia was reported1 in 12 of 15 patients
in whom oxcarbazepine was substituted for carbamazepine ther-
apy. The fall in plasma-sodium concentrations appeared to be re-
lated to the dose of oxcarbazepine. In another report2 hyponat-
raemia occurred in 23% of 350 patients whose serum-sodium
concentrations were monitored. The manufacturers state that in
14 controlled studies sodium levels of less than 125 mmol/litre
occurred in 2.5% of 1524 patients treated with oxcarbazepine
compared to no such patients in the control groups. Most patients
remain asymptomatic but some may experience drowsiness, in-
crease in seizure frequency, and impaired consciousness.3 In a
later study4 in 97 patients taking oxcarbazepine and 451 taking
carbamazepine, hyponatraemia occurred in 29 (12 severe) of the
former and in 61 (13 severe) of the latter. The authors failed to
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