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Abstract 

Levetiracetam inhibits focal and secondary generalized tonic-clonic seizures. The mechanism of levetiracetam action 

is not fully understood, however the correlation between binding affinity of levetiracetam and its analogues and their 

potency toward audiogenic seizures suggest that the synaptic vesicle glycoprotein 2A mediates the anticonvulsant 

effects of levetiracetam. The neural function of the synaptic vesicle 2A protein is not fully understood, but binding of 

levetiracetam to synaptic vesicle glycoprotein 2A might affect neuronal excitability by modifying the release of 

glutamate GABA through an action on vesicular function. Synaptic vesicle glycoprotein 2A may plain a role in vesicle 

recycling following exocytosis of neurotransmitter. In addition, levetiracetam inhibits N-type Ca2+ channels and Ca2+ 

release from intracellular stores. Levetiracetam may be administered intravenously or orally to infants and children 

and in children the levetiracetam dose varies according to the child age and body-weight. Levetiracetam is almost 

completed absorbed after oral administration and levetiracetam is found efficacy and safe in infants and children but 

it may induce adverse-effects. The levetiracetam elimination half-life is about 6 hours in infants and children, and in 

children the renal clearance is similar to the non-renal clearance. The prophylaxis, treatment, and trials with 

levetiracetam have been extensively studied in infants and children. Levetiracetam freely crosses the human placenta 

and freely migrates into the breast-milk. The aim of this study is to review the levetiracetam dosing, efficacy, safety, 

adverse-effects, pharmacokinetics, prophylaxis, treatment, and trials and transfer of levetiracetam across the human 

placenta and levetiracetam migration into the breast-milk. 

Key words: levetiracetam; dosing; efficacy and safety; adverse-effects; pharmacokinetics; prophylaxis; treatment; 

trials; placental transfer; breast-milk migration; infants; children 

Introduction 

Mechanism of levetiracetam action 

Levetiracetam exhibits a novel pharmacological profile: it inhibits focal 

and secondary generalized tonic-clonic seizures in the kindling model, yet 

is ineffective against maximum electroshock – and pentylenetetrazol-

induced seizure, Findings consistent with clinical effectiveness against 

focal and secondary generalized tonic-clonic seizures. The mechanism by 

which levetiracetam exerts these antiseizure effects is not fully 

understood. However, the correlation between binding affinity of 

levetiracetam and its analogues and their potency toward audiogenic 

seizures suggests that the synaptic vesicle glycoprotein 2A mediates the 

anticonvulsant effects of levetiracetam. The synaptic vesicle glycoprotein 

2A is an integral transmembrane glycoprotein; expression of human 

synaptic vesicle glycoprotein 2A in hexose transport-deficient yeast 

shows that the synaptic vesicle glycoprotein 2A can function as a 

galactose transporter. The neural function of the synaptic vesicle 

glycoprotein 2A protein is not fully understood, but binding of 

levetiracetam to synaptic vesicle glycoprotein 2A might affect neuronal 

excitability by modifying the release of glutamate GABA through an 

action on vesicular function. In mice, a missense mutation in the synaptic 

vesicle glycoprotein 2A is reportedly associated with disruption of action-

potential invoked GABA in limbic regions. Synaptic vesicle glycoprotein 

2A may play a role in vesicle recycling following exocytosis of 

neurotransmitter. In addition, levetiracetam inhibits N-type Ca2+ channels 

and Ca2+ release from intracellular stores [1]. 

Absorption distribution metabolism and elimination of 
levetiracetam 

Levetiracetam is rapidly and almost completely absorbed after oral 

administration and is not bound to plasma proteins. In adults, the plasma 

elimination half-life is 6 to 8 hours, but may be longer in elderly patients. 

Ninety-five percent of the drug and its inactive metabolite are excreted in 

the urine, 65% of which is unchanged drug, 24% of the drug is 

  Open Access        Review Article 

      Journal of Clinical and Laboratory Research 
                                                                                                                  Gian Maria Pacifici*                                                                                                                                                        

AUCTORES 
Globalize your   Research 



J Clinical and Laboratory Research                                                                                                                                                       Copy rights@ Gian Maria Pacifici et.al. 

 

 
Auctores Publishing – Volume 3(5)-042 www.auctoresonline.org  
ISSN: 2768-0487   Page 2 of 8 

metabolized by hydrolysis of the acetamide group. Because levetiracetam 

neither induces nor is a high-affinity substrate for CYPs or 

glucuronidation enzymes, it is devoid of known interactions with other 

antiseizure drugs, oral contraceptives, or anticoagulants [1]. 

Therapeutic use of levetiracetam 

Levetiracetam is marked for the adjunctive treatment of focal seizures in 

adults and children, for primary onset tonic-clonic seizures, and for 

myoclonic seizures of juvenile myoclonic epilepsy. It is available in 

tablets (10, 25, 50, 75, or 100 mg), oral solution (10 mg/ml), or injectable 

form (50 mg/5 ml). Adult dosing is initiated at 500 to 1,000 mg daily and 

increased every 2 to 4 weeks by 1,000 mg to a maximum dose of 3,000 

mg daily. The drug is administered twice-daily. In adults with either 

refractory focal seizures or uncontrolled generalized tonic-clonic seizures 

associated with idiopathic generalized epilepsy, addition of levetiracetam 

to other antiseizure medications is superior to placebo. Levetiracetam also 

has efficacy as adjunctive therapy for refractory generalized myoclonic 

seizures. Insufficient evidence is available about its use as monotherapy 

for focal or generalized epilepsy [1]. Levetiracetam is an anticonvulsant 

which has been used off-label in infants with difficult to treat seizures. It 

is a pyrrolidone derivative and is chemically unrelated to other currently 

available anticonvulsants. Although the exact mechanism of action is 

unclear, it has been shown to regulate glutamate release and NMDA 

receptor-mediated excitatory synaptic transmission. Unlike other 

anticonvulsants it does not induce cell death and apoptosis in the 

developing brain which might offer a theoretical benefit over older 

established anticonvulsants. Levetiracetam has a broad antiepileptic 

activity across different seizure types and syndromes and is licensed in 

many countries as add-on treatment for partial-onset seizures in children 

aged> 4 years. In children and adults, the most common adverse-effects 

are somnolence and behavioural adverse-effects. Case studies and 

pharmacokinetic studies in newborn infants have suggested that 

levetiracetam is also safe in this group but evidence of benefit of 

randomized trials has yet to be published [2]. Levetiracetam (Keppra®) is 

an anticonvulsant and in the neonatal period it has been used as a second 

line of therapy for seizures refractory to phenobarbital and other 

anticonvulsants. Serum trough concentrations are not routinely monitored 

although they may be useful when determining the magnitude of dosing 

adjustment. Therapeutic concentrations are approximately 10 to 40 µg/ml 

[3]. 

 
Levetiracetam molecular structure (molecular weight = 170.209 

grams/mole) 

Literature search 

The literature search was performed electronically using PubMed 

database as search engine and the following key words were used: 

“levetiracetam dosing infants, children”, “levetiracetam efficacy safety 

infants, children”, “levetiracetam adverse-effects infants, children”, 

“levetiracetam pharmacokinetics infants, children”, “levetiracetam 

prophylaxis infants, children”, “levetiracetam treatment infants, 

children”, “levetiracetam trials infants, children”, “levetiracetam 

placental transfer”, and “levetiracetam breast-milk”. In addition, the 

books: The Pharmacological Basis of Therapeutics [1], Neonatal 

Formulary [2], NEOFAX® by Young and Mangum [3], and The British 

National Formulary for Children [4] are consulted. 

Results 

Administration schedules of levetiracetam to infants and 
children 

Administration to infants [2] 

Intravenous administration 

May be given with or without a loading dose depending on the urgency 

with which seizure control is needed. Without a loading dose: start with 

10 mg/kg twice-daily increasing followed by 10 mg/kg over 3 days to 30 

mg/kg twice-daily. With loading dose: 40 mg/kg loading dose followed 

by 10 mg/kg once-daily (Note: the authors of this study suggested from 

pharmacokinetic studies that a maintenance dose of 19 mg/kg eight hourly 

results in better maintenance of serum levels towards the end of the first 

week of life). 

Oral or enteral administration 

Give 10 mg/kg daily in one to two divided doses, increase the dose daily 

by 10 mg/kg over 3 days to 30 mg/kg daily (further increases in doses 

have been reported up to 60 mg/kg daily). 

Administration to children [4] 

Oral of intravenous infusion treatment of monotherapy of focal seizures 

with or without secondary generalisation 

Children aged 16 to 17 years. Give initially 250 mg daily for 1 week, 

and then increase the dose to 250 mg/kg twice-daily, and then increase 

the dose in steps of 250 mg twice-daily (maximum per dose = 1.5 mg 

twice-daily), adjust the dose according to the response, the dose to be 

increased every 2 weeks. 

Oral treatment for adjunctive therapy of focal seizures with or without 

secondary generalisation 

 Children aged 1 to 5 months. Give initially 7 mg/kg once-daily, and 

then increase the dose in steps of up to 7 mg/kg twice-daily (maximum 

per dose = 21 mg/kg twice-daily), the dose to be increased every 2 weeks. 

 Children aged 6 months to 17 years (body-weight up to 50 kg). Give 

initially 10 mg/kg once-daily, and then increase the dose is steps of 10 

mg/kg twice-daily (maximum per dose = 30 mg/kg twice-daily) the dose 

to be increased every 2 weeks. 

Children aged 12 to 17 years (body-weight 50 kg and above). Give 

initially 250 mg twice-daily, and then increase the dose in steps of 500 

mg twice-daily (maximum per dose = 1.5 grams twice-daily), the dose to 

be increased every 2 to 4 weeks. 

Intravenous treatment for adjunctive therapy of focal seizures with or 

without secondary generalisation 

Children aged 4 to 17 years (body-weight up to 50 kg). Give initially 

10 mg/kg once-daily, and then increase the dose in steps of up to 1 mg/kg 

twice-daily (maximum per dose = 30 mg/kg twice-daily), the dose to be 

increased every 2 weeks. 

Children aged 12 to 17 years (body-weight 50 kg or above). Give 

initially 250 mg twice-daily, and then increase the dose in steps of 500 

mg twice-daily (maximum per dose = 1.5 grams twice-daily, the dose to 

be increased every 2 weeks). 

Oral or intravenous treatment for adjunctive therapy of myoclonic 

seizures and tonic-clonic seizures 

Children aged 12 to 17 years (body-weight up to 50 kg). Give initially 

10 mg/kg once-daily, and then increase the dose in steps of up to 10 mg/kg 
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twice-daily (maximum per dose = 30 mg/kg twice-daily), the dose to be 

increased every 2 weeks. 

Children aged 12 to 17 years (body-weight 50 kg or above). Give 

initially 250 mg twice-daily, and then increase the dose in steps of 500 

mg twice-daily (maximum per dose = 1.5 grams twice-daily, the dose to 

be increased every 2 weeks). 

Efficacy and safety of levetiracetam in infants and children 

 Levetiracetam is a good and safe choice for treatment of neonatal seizures 

in preterm infants [5]. Levetiracetam is found to be well tolerated and 

efficacious for the treatment of infants with epilepsy [6]. Levetiracetam is 

efficacy and safe for infants and children with partial onset seizures [7]. 

Levetiracetam shows good efficacy, safety and tolerability for the long-

term neonatal seizure treatment [8]. Levetiracetam is a safe and effective 

treatment for neonatal seizures which are unresponsive to phenobarbital 

[9]. Levetiracetam is an effective, well tolerated, and safe agent for the 

treatment of a variety of seizure types in infants [10]. Levetiracetam is an 

efficacious medication in treatment of seizures in the setting of neonatal 

hypoxic ischemic encephalopathy [11]. Intravenous levetiracetam is an 

efficacious agent for seizure management in preterm neonates [12]. 

Levetiracetam treatment is efficacy and safe in treating neonatal seizures 

suggesting that levetiracetam has anticonvulsant activity in term and 

preterm infants [13]. Levetiracetam is safe and effective for a wide range 

of epileptic seizures and epilepsy syndromes and therefore represents a 

valid therapeutic option in infants and young children affected by epilepsy 

[14]. The adjunctive use of intravenous levetiracetam is effective and well 

tolerated in paediatric patients with refractory status epilepticus even in 

patients younger than 2 years [15]. All responding children were on 

levetiracetam doses ≥ 30 mg/kg daily (median 40 mg/kg daily). No 

significant adverse-effects of levetiracetam were reported. Levetiracetam 

is effective and safe adjuvant therapy in children with refractory status 

epilepticus [16]. In children, intravenous levetiracetam may be effective 

in various clinical situations requiring intravenous administration of an 

antiepileptic drug [17]. Intravenous levetiracetam is effective in 

terminating status epilepticus or acute repetitive seizures and well 

tolerated in critically ill children [18]. Intravenous administration of 

levetiracetam is safe and effective for the treatment of acute repetitive 

seizures and convulsive status epilepticus in children and adolescents 

[19]. Levetiracetam given twice-daily in children with refractory epilepsy 

reduces seizure frequency in all types of epilepsy [20]. Intravenous 

levetiracetam is effective and safe in the treatment of children with acute 

repetitive seizures [21]. 

Common or very common adverse-effects caused by 
levetiracetam in infants and children [4] 

Anxiety, appetitive decreased, asthenia, behavioural abnormal, cough, 

depression, diarrhoea, dizziness, drowsiness, gastrointestinal discomfort, 

headache, increased risk of infection, insomnia, mood altered, movement 

disorders, nausea, skin reaction, vertigo, and vomiting. 

Uncommon adverse-effects caused by levetiracetam in 
infants and children [4] 

Alopecia, concentration impaired confusion, hallucination, leukopenia, 

muscle weakness, myalgia, paraesthesia, psychotic disorder, suicidal 

tendencies, thrombocytopenia, vision disorders, and weight changes. 

Rare or very rare adverse-effects caused by levetiracetam 
in infants and children [4] 

Acute kidney injury, agranulocytosis, hepatic disorders, hyponatraemia, 

neutropenia, pancreatitis, pancytopenia, personality disorders, 

rhabdomyolysis, severe cutaneous adverse reactions, and thinking 

abnormal. 

Pharmacokinetics of levetiracetam in infants 

Merhar et al. [22] studied the pharmacokinetics of levetiracetam in 18 

infants with gestational and postnatal ages of 38+6 weeks (range, 2 to 41) 

and 2 days (range, 0 to 32), respectively, and weighed 3.5 kg (range, 2.0 

to 4.4) and levetiracetam was intravenously infused and the initial loading 

dose ranging from 14.4 to 39.9 mg/kg and all infants received at least 20 

mg/kg of phenobarbital before receiving levetiracetam. 

 Final model Bootstrap N = 1,000 

Parameter Estimate Median 95%CI 

Total body clearance (L/h) 0.097 0.093 0.06 – 0.15 

Central distribution volume (L) 1.96 1.89 1.83 – 1.95 

Intercompartmental clearance (L/h) 1.1 0.98 0.92 – 1.04 

Peripheral distribution volume (L) 0.89 0.69 0.63 – 0.75 

Interindividual variability (%CV) 

Total body clearance 4.2 0.19 0.13 – 0.25 

Central distribution volume 37.5 0.14 0.08 – 0.2 

Intercompartmental clearance  31.6 0.12 0.06 – 0.18 

Peripheral distribution volume 114 1.10 1.04 – 1.16 

Residual variability 

Proportional error (%CV) 24.1 0.07 0.01 – 0.13 

Additive error 0.028 0.11 0.05 – 0.17 

Table 1: Pharmacokinetic parameters of levetiracetam which are obtained in 18 infants, by Merhar et al. [22]. 

This table shows that the central distribution volume is larger than the 

peripheral and there is a remarkable interindividual variability of the 

pharmacokinetic parameters. 

Pharmacokinetics of levetiracetam in infants and children 

Glauser et al. [23] investigated the pharmacokinetics of levetiracetam in 

12 infants and children aged 19.9 +14.16 months (range, 2.3 to 46.2) who 

received a single oral dose of levetiracetam of 20 mg/kg. 

Parameter Value 

Peak concentration (µg/kg) 31.3+6.7 

Peak concentration normalized (µg/kg) 1.57+0.34 

Time to reach the peak concentration (h) 1.4+0.9 

AUC0-24h (µg*h/ml) 233+64 

AUC0-∞ (µg*h/ml) 248+75 
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AUC normalized (µg*h/ml) 12.4+3.5 

Absorption-rate constant (h-1) 0.14+0.04 

Elimination half-life (h) 5.3+1.3 

Total body clearance (ml/min/kg) 1.46+0.42 

Total body clearance (ml/min/1.73 m2) 53.0+16.3 

Distribution volume (L/kg) 0.63+0.08 

Table 2: Pharmacokinetic parameter of levetiracetam which are obtained in 12 infants and children and levetiracetam was administered orally at a 

dose of 20 mg/kg. Figures are the mean+SD, by Glauser et al. [23]. 

AUC = area under the plasma concentration-time curve. Peak 

concentration normalized and AUC normalized are normalized to a dose 

of 1 mg/kg. 

This table shows that levetiracetam is rapidly absorbed as the absorption 

rate constant is 0.14+0.04 h-1 and the time to reach the peak plasma 

concentration is 1.4+0.9 h. The levetiracetam distribution volume is lower 

than the water volume, levetiracetam is rapidly eliminated and there is a 

remarkable interindividual variability in the pharmacokinetic parameters. 

Such variability is accounted by the wide variability of the subject 

demographic characteristics and also by the concomitant administration 

of different drugs. 

Pharmacokinetics of levetiracetam in children 

Pellock et al. [24] explored the pharmacokinetics of levetiracetam in 15 

boys and 9 girls and subjects were aged 9.4+2.2 years (range, 5.6 to 12.6) 

who received a single oral dose of 20 mg/kg levetiracetam. 

Parameter Boys (N = 15) Girls (N = 9) Total (N = 24) 

Creatinine clearance (ml/min/1.73 m2) 88.7+26.0 67.0+24.7 80.6+27.2 

Peak concentration (µg/ml) 25.1+9.0 26.9+8.4 25.8+8.6 

Time to reach peak concentration (h) 2.1+1.2 2.6+1.1 2.3+1.2 

AUC (µg/h/ml) 231+69 257+87 241+76 

Absorption-rate constant (h-1) 0.120+0.022 0.120+0.024 0.120+0.022 

Elimination half-life (h) 6.0+1.1 6.0+1.2 6.0+1.1 

Total body clearance (ml/min/kg) 1.48+0.36 1.36+0.37 1.43+0.36 

Total body clearance (ml/min/1.73 m2) 77.8+16.1 64.7+18.9 72.7+18.1 

Cumulative urinary excretion 

0-24 hours (%) 
48.2+11.4 56.7+15.7 51.9+13.8 

Renal clearance (ml/min/kg) 0.77+0.24 0.82+0.30 0.79+0.26 

Renal clearance (ml/min/1.73 m2) 39.4+9.4 39.6+16.7 39.5+12.8 

Non-renal clearance (ml/min/kg) 0.73+0.32 0.54+0.31 0.64+0.32 

Table 3: Pharmacokinetic parameters of levetiracetam which are obtained in 15 boys and 9 girls who received a single oral dose of 20 mg/kg 

levetiracetam. Figures are the mean+SD, by Pellock et al. [24]. 

AUC = area under the plasma concentration-time curve.  

This table shows that levetiracetam is rapidly absorbed as the absorption-

rate constant is 0.120+0.022 h-1, the time to reach the peak concentration 

is 2.3+1.2 h, levetiracetam is rapidly eliminated. The renal clearance of 

levetiracetam is similar to the non-renal clearance suggesting that 

levetiracetam is eliminated by kidney and non-renal route. In addition, 

there is no gender-related difference in the pharmacokinetic parameters. 

Wang et al. [25] studied the pharmacokinetics of levetiracetam in children 

aged 0.5 to 14 years and levetiracetam was orally administered at a dose 

of 20 to 60 mg/kg. 

Parameter Estimate %RSE 95% CI Shrinkage 

Total body clearance (L/h) 1.04 1.4 1.011 – 1.069 --- 

Distribution volume (L) 12.1 5.6 10.767 – 13.433 --- 

Absorption-rate constant (h-1) 1.56 14.3 1.230 – 1.997 --- 

ωCl/F 0.195 7.0 0.106 – 0.141 20.05 

ωV/F 0.163 45.5 1.27 – 0-175 44.9% 

Table 4: Pharmacokinetic parameters of levetiracetam which are obtained in children aged 0.5 to 14 years, by Wang et al. [25]. 

ωCl/F = variance of the Cl/F. ωV/F = variance of the ωV/F. %RSE = 

%relative standard error. 

This table shows that there is a remarkable interindividual variability of 

the pharmacokinetic parameters which is accounted by the wide 

variability of the demographic characteristic of the subjects enclosed in 

the study. The total body clearance and the distribution volume 

significantly correlate with the age and body-weight of subjects. In 

particular, the total body clearance increases with the subject age and 

body-weight and the distribution volume decreases with the subject age 

and body-weight. 

Prophylaxis with levetiracetam in infants and children 

Levetiracetam is as effective as flunarizine in paediatric migraine 

Prophylaxis [26]. Levetiracetam and phenytoin have similar safety and 

effectiveness for the prevention of busulfan-induced seizures in a 

paediatric hematopoietic cell transplantation population [27]. 

Levetiracetam is a reasonable alternative to (fos) phenytoin for 

prophylaxis of early post-haemorrhagic seizures in infants and children 

[28]. Children receiving prophylaxis with levetiracetam after severe 

traumatic brain injury have a lower incidence of seizures of 9% [29]. 

Treatment of infants and children with levetiracetam 

Very low certainty of evidence suggests that levetiracetam might not be 

more effective than phenobarbital. Moderate certainty of evidence 
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indicates levetiracetam is associated with a lower risk of adverse-events 

[30]. Levetiracetam is an efficacious medication in treatment of seizures 

in the setting of neonatal hypoxic ischemic encephalopathy [31]. 

Levetiracetam is an alternative therapeutic option in neonatal seizures 

[32]. Levetiracetam monotherapy is effective in treating neonatal seizures 

[33]. Adjunctive levetiracetam is an efficacious and well-tolerated 

treatment for partial-onset seizures in infants and young children [34]. 

Levetiracetam treatment is safe and effective in very paediatric patients 

with various types of epilepsy [35]. Levetiracetam combined with sodium 

valproate is effective in the treatment of children with epilepsy, and does 

not increase the clinical adverse-drug reactions [36]. There are significant 

differences in controlling seizures between levetiracetam and 

carbamazepine and the suppression of focal seizure occurs in 87% of 

children treated with levetiracetam [37]. Levetiracetam is an 

anticonvulsant agent with a favourable tolerability profile and a low 

potential for drug interactions and it is a useful option as adjunctive 

therapy in paediatric patients with epilepsy [38]. 

Trials with levetiracetam in infants and children 

 Levetiracetam is efficacy in the treatment of neonatal seizures and may 

be considered as the first-line anticonvulsant in infants with epilepsy [39]. 

The efficacy of levetiracetam is similar to that of phenytoin as second-

line antiseizure medication for paediatric convulsive status epilepticus 

[40]. A trial showed that levetiracetam is efficacy and safety for 

preventing and treating paediatric epilepsy [41]. Levetiracetam is an 

effective anti-epileptic drug for both adults and children with generalized 

or partial-onset refractory seizures with a favourable adverse-event 

profile [42]. Levetiracetam has comparable effects concerning efficacy, 

tolerability, and adverse-events and levetiracetam is effective as mono- 

and adjunctive-therapy for all types of epilepsy syndromes and seizures 

in children [43]. A trial showed that levetiracetam is similar to phenytoin 

in children with convulsive status epilepticus resistant to benzodiazepines 

[44]. Although levetiracetam is not superior to phenytoin, the results 

suggest that levetiracetam is an appropriate alternative to phenytoin as the 

first-choice anticonvulsant agent in the treatment of paediatric convulsive 

status epilepticus [45]. Two clinical trials confirm that levetiracetam is a 

broad spectrum anti-epileptic drug with a favourable safety profile in 

children [46]. 

Transfer of levetiracetam across the human placenta 

Tomson et al. [47] administered levetiracetam at a dose ranging from 1 to 

3 grams daily to 14 pregnant women on the third trimester of pregnancy 

and measured the concentration of levetiracetam in the maternal and 

umbilical cord on delivery and 6, 12, 24, and 36 hours after delivery. 

 

 Concentration of levetiracetam in the plasma of umbilical 

cord at different times after delivery 

Value Maternal 

plasma 

At 

delivery 

6 hours 12 hours 24 

hours 

36 hours 

Minimum 24 25 15 16 48 3 

Maximum 120 148 88 97 76 26 

Mean 61.3 74.5 45.6 42.4 59.0 15.4 

SD +9.8 +14.6 +8.7 +8.6 +8.6 +2.5 

Table 5: Concentrations of levetiracetam in the maternal and umbilical cord at different times after delivery. Figures are the minimum, maximum, 

mean, and +SD, by Tomson et al. [47]. 

This table shows that levetiracetam freely crosses the placenta and slowly 

decays in the umbilical cord. 

López-Fraile et al. [49] described the transfer of levetiracetam across the 

human placenta in 5 women at delivery at term of pregnancy. The mean 

umbilical cord to maternal plasma ratio is 1.21 suggesting the 

levetiracetam freely crosses the human placenta. 

Johannessen et al. [50] administered levetiracetam at doses of 1.5 to 3 

grams daily to 3 pregnant women at delivery at the third trimester of  

pregnancy. The levetiracetam concentration in the maternal and umbilical 

cord serum levetiracetam concentrations are 155+65.9 and 177+72.8 

µg/kg, respectively, and the umbilical cord to maternal serum ratio of 

levetiracetam is 1.2+0.1.  

Migration of levetiracetam into the breast-milk 

Tomson et al. [47] administered levetiracetam at doses of 1 and 3 grams 

daily to 5 lactating women and measured the concentration of 

levetiracetam in the maternal plasma in the breast-milk. 

 

Value Days after delivery Levetiracetam 

conc. in 

maternal 

plasma (µg/ml) 

Levetiracetam 

conc. in 

breast-milk 

before nursing 

(µg/ml) 

Levetiracetam 

conc. in the 

infant plasma 

after 

completion of 

nursing (µg/ml) 

Milk/plasma 

ratio of 

Levetiracetam 

Infant/maternal 

plasma of 

levetiracetam 

conc. 

Minimum 12 27 34 4 0.78 0.07 

Maximum 21 210 210 20 1.55 0.18 

Mean 14.1 90.5 93.9 11.0 1.12 0.1 

SD +1.7 +14.3 +16.2 +1.4 +0.1 +0.01 

Table 6: Concentrations of levetiracetam measured in the maternal plasma and breast-milk of 14 lactating mothers. Figures are the minimum, 

maximum, mean, and +SD, by Tomson et al. [47]. 

 

This table shows that levetiracetam freely migrates into the breast-milk 

and the infant exposition to levetiracetam is limited. 

Johannessen et al. [50] administered levetiracetam at doses of 1.5 to 3  

grams daily to 7 lactating mothers and measured the concentration of 

levetiracetam in the maternal plasma and in the breast-milk on the third 

to fifth days after delivery. 
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Value Levetiracetam conc. 

in maternal serum 

(µg/ml) 

Levetiracetam conc, 

in breast-milk (µg/ml) 

Levetiracetam conc. 

in infant serum 

(µg/ml) 

Ratio of breast-milk 

to maternal serum of 

levetiracetam conc. 

Minimum 62 68 < 10 0.87 

Maximum 175 153 15 1.04 

Mean 81.1 74.6 1.0 0.94 

SD +17.0 +17.0 +0.07 +0.05 

Table 7: Concentrations of levetiracetam measured in the maternal plasma and breast-milk of 7 lactating mothers. Figures are the minimum, 

maximum, mean, and +SD, by Johannessen et al. [50]. 

This table shows that levetiracetam freely migrates into the breast-milk 

and the infant exposition to levetiracetam is limited. 

Levetiracetam was administration to 5 lactating women and the mean 

umbilical cord serum to maternal serum ratio is 1.14 (range, 0.97 to 1.45). 

The mean milk to maternal serum concentration ratio of levetiracetam is 

1.00 (range, 0.76 to 1.33) at 3 to 5 days after delivery. At sampling 2 

weeks to 10 months after delivery, this ratio is similar and ranges from 

0.85 to 1.38. At 3 to 5 days after delivery, the infants had very low 

levetiracetam serum concentrations (range, < 10 to 15 μM), a finding that 

persisted during continued breast-feeding. These data indicate an 

extensive migration of levetiracetam into the breast-milk [50]. 

Levetiracetam was administered to 20 lactating women and the trough 

breast-milk to serum ratio of levetiracetam is 0.98+0.20, thus 

levetiracetam freely migrates into the breast-milk [51]. 

Discussion 

Levetiracetam inhibits focal and secondary generalized tonic-clonic 

seizures in the kindling model but it is ineffective against maximum 

electroshock and pentylenetetrazol-induced seizures. In addition, 

levetiracetam inhibits N-type Ca2+ channels and Ca2+ release from 

intracellular stores. Levetiracetam is rapidly and almost completely 

absorbed after oral administration and 95% of the drug and its inactive 

metabolite are excreted in the urine, 65% of which is unchanged drug, 

24% of the drug is metabolized by hydrolysis of the acetamide group [1]. 

Levetiracetam may be administered orally or intravenously in infants [2] 

and in children [4] and in children the dose varies according to the child 

age and body-weight. Levetiracetam has been found efficacy and safe in 

infants and children [5-21] but levetiracetam may induce adverse-effects 

[4]. Levetiracetam is effective, safe, and well tolerated in treating neonatal 

seizures and epilepsy in infants [5-14] and in children [15-21]. The 

pharmacokinetics of levetiracetam have been studied in infants [22], in 

infants and children [23] and in children [24-25]. In infants, the central 

distribution volume is larger than the peripheral distribution volume [22]. 

Following oral administration to infants and children, levetiracetam is 

rapidly absorbed and the elimination half-life is 5.3+1.3 hours suggesting 

that levetiracetam is rapidly eliminated [23]. In children, the levetiracetam 

elimination half-life is 6.0+1.1 hours and the renal clearance is similar to 

the non-renal children suggesting that levetiracetam is eliminated by 

kidney and by other routes [24]. In children, aged 0.5 to 14 years, 

levetiracetam is rapidly absorbed following oral dosing and the mean total 

body clearance and distribution volume are 1.04 L/h and 12.1 L, 

respectively [25]. The prophylaxis with levetiracetam has been studied in 

infants and children [26-29]. Levetiracetam is effective as flunarizine in 

the prophylaxis of migraine in paediatric patients [26], levetiracetam and 

phenytoin have similar effectiveness for prevention of seizure induced by 

busulfan [27], levetiracetam and (fos) phenytoin are similarly effective in 

preventing early post-haemorrhagic seizures in infants and children [28], 

and prophylactic levetiracetam reduces the incidence of seizures in 

children after severe traumatic brain injury [29]. The treatment of infants 

and children with levetiracetam has been extensively studied [30-38]. 

Levetiracetam is similarly effective to phenobarbital in treating seizures 

but levetiracetam induces lower risk of adverse-effects [30].  

Levetiracetam treats neonatal seizures in infants with hypoxic ischemic 

encephalopathy [31] and levetiracetam is an alternative therapeutic option 

in neonatal seizures [32, 33]. Levetiracetam is efficacious and well-

tolerated in the treatment of partial-onset seizures in infants and children 

[34], and levetiracetam successfully treats various types of epilepsy in 

very young children [35]. Levetiracetam, combined with sodium 

valproate, treats childhood epilepsy and does not increase clinical 

adverse-drug reactions [36], levetiracetam is more effective than 

carbamazepine in treating seizures in children [37], and levetiracetam 

treats epilepsy and is well tolerated in paediatric patients [38]. The trials 

with levetiracetam have been extensively studied in infants and children 

[39-46]. Levetiracetam successfully treats neonatal seizures and is a first-

line anticonvulsant in infants with epilepsy [39], levetiracetam and 

phenytoin are similarly effective as a second-line antiseizure medication 

in paediatric epilepsy [40], levetiracetam prevents and treats paediatric 

epilepsy [41], levetiracetam is an effective anti-epileptic drug in children 

and adults with generalized or partial-onset refractory seizures [42], and 

levetiracetam is safe and efficacy in treating all types of epilepsy in 

children [43]. Levetiracetam has similar effects to phenytoin in treating 

children with status epilepticus resistant to benzodiazepine [44], 

levetiracetam is an appropriate alternative to phenytoin in treating 

paediatric convulsive status epilepticus [45], and levetiracetam is safe and 

effective agent for treating epilepsy in children [46]. Levetiracetam freely 

crosses the human placenta [47-50] and levetiracetam slowly decays in 

infant plasma [47], and levetiracetam freely migrates into the breast-milk 

[47-51]. 

In conclusion, levetiracetam treats focal and secondary generalized tonic-

clonic seizures. Levetiracetam is rapidly and almost completely absorbed 

after oral administration and 95% of the drug and its inactive metabolite 

are excreted in the urine 65% of which is unchanged drug and 24% of the 

drug is metabolized by hydrolysis of the acetamide group. Levetiracetam 

may be administered intravenously or orally to infants and children and 

in children the dose varies according to the child age and body-weight. 

Levetiracetam has been found efficacy and safe in infants and children 

but it may induce adverse-effects. The pharmacokinetics of levetiracetam 

have been studied in infants and in children and the levetiracetam 

elimination half-life is about 6 hours in infants and children and the renal 

clearance is similar to the non-renal clearance in children suggesting that 

levetiracetam is eliminated by kidney and by other routes. The 

prophylaxis, treatment, and trials with levetiracetam have been 

extensively studied in infants and children and levetiracetam freely 

crosses the human placenta and freely migrates into the breast-milk. The 

aim of this study is to review the clinical pharmacology of levetiracetam 

in infants and children. 
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