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Experience and pharmacokinetics of Levetirace­
tam in Korean neonates with neonatal seizures
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Departments of 1Pediatrics and 2Pharmacology, Yonsei University College of Medicine, Seoul, Korea

Purpose: The aims of this study were to evaluate the safety and pharmacokinetics of levetiracetam 
(LEV) in neonates with seizures and to establish a population pharmacokinetics (PPK) model by using 
the software NONMEM.
Methods: A retrospective analysis of 18 neonatal patients with seizures, who were treated with LEV, 
including 151 serum samples, was performed. The mean loading dose was 20 mg/kg, followed by a 
mean maintenance dose of 29 mg/kg/day.
Results: Seventeen neonates (94%) had seizure cessation within 1 week and 16 (84%) remained 
seizure-free at 30 days under the LEV therapy. The mean serum concentration of LEV was 8.7 μg/mL. 
Eight samples (5%) were found above the therapeutic range. No serious adverse effects were detected. 
In the PPK analysis for Korean neonates, the half-life was 9.6 hours; clearance, 0.357 L/hr; and volume 
of distribution, 4.947 L, showing differences from those in adults.
Conclusion: LEV is a safe and effective option for the treatment of neonatal seizures with careful 
therapeutic drug monitoring.
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Introduction

Neonatal seizures may adversely impact neurodevelopmental outcome, so their prompt 
recognition and treatment is important1,2). Phenobarbital and phenytoin are the most 
commonly administered antiepileptic medications for neonatal seizures. However, there are 
increasing concerns over the long time adverse effects since they were shown to increase 
neuronal apoptosis in animal models and induce cognitive impairment in infants and 
toddlers3).

Levetiracetam (LEV) is a new antiepileptic drug (AED), which is mainly used for the 
adjunctive treatment of partial seizures, approved in children and adults4-6). LEV showed 
the efficacy and safety to children7). There have been no reports of a significant risk for 
severe adverse effects, but little evidence for the neonates were known. Furthermore, 
studies on animals have shown that LEV does not cause neuronal apoptosis in the imma
ture brain and shows promise as a neuroprotective agent8,9).

LEV has been used increasingly in the treatment of neonates with seizures in Korea; 
however, the data about the efficacy and safety of LEV in neonates are insufficient, and 
pharmacokinetic parameters in Korean neonates are unknown. This study analyzes the 
safety and pharmacokinetics of using LEV in neonates with seizures and develops a 
population pharmacokinetics (PPK) model of LEV in Korean neonates.
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Materials and methods

1. Patients
Eighteen neonates with electro-clinical or electrographic-only 

confirmed seizures who received intravenous and oral LEV in the 
2 hospital neonatal intensive care units of Yonsei University 
College of Medicine during a 2-year period (June 2013 to June 
2015) were included. The major etiologies for neonatal seizures 
were hypoxic-ischemic encephalopathy (Table 1). The postmen
strual age, postnatal age, and the bodyweight at the time of first 
LEV administration was 47.6 weeks, 12.6 weeks, and 4,270 g, 
respectively.

2. Study design
This study was a retrospective analysis of LEV as a monothe

rapy or add-on treatment for neonatal seizures. They received 
initial intravenous doses of 10–20 mg/kg and gradually increased 
to 20–60 mg/kg according to their clinical status. For each 
patient, seizure type, frequency, coadministered medications, and 
adverse events were collected in as much detail as possible. Rou
tine electroencephalograms (EEGs) and laboratory tests were 
assessed over 3 months. The study protocol was approved by the 
Institutional Review Board. 

3. Sample collection and analytical method
Actual sampling times and dosing times were recorded by a 

nurse. The sampling times to last LEV intake were generally 
between 6 and 23 hours, with 1 sample after the dose. Serum LEV 
concentrations were assayed using a chromatography-mass 
spectrometry (QTRAP 5500 LC-MS/MS System, Framingham, 
MA, USA). The working assay range was 1–100 µg/mL.

4. PPK modeling
A compartment model was used to build a population phar

macokinetic model, with an exponential error model for random 
inter-individual variability distributed as a normal distribution 
with mean zero and variance ω2. Covariate selection was per
formed using stepwise covariate modeling with likelihood ratio 
test at significance levels of P<0.01 for forward selection and P< 
0.001 for backward elimination. The covariates tested included 
gender, birth weight, current weight, gestational age, postnatal 
age, postmenstrual age, Apgar score, clearance maturation, and 
serum creatinine concentration. Dose and coadministered medi
cations were additionally tested for any significant influence.

5. Software and model validation
All analyses were performed using NONMEM ver. 7.3 (ICON 

Development Solutions, Ellicott City, MD, USA) with the first-
order conditional estimation method with interaction and PsN 
tool (version 3.4.2) was used for covariate modeling. The plots 

were created using R (http://www.r-project.org). The developed 
model was evaluated by comparing the predicted serum LEV 
concentration versus time curve with the observation.

Results

Mean gestational age was 35.0 weeks and mean birth weight 
was 2,393 g (Table 1). Among 151 samples, the mean sampling 
time after medication was 11.7 hours. The mean initial dose of 
LEV was 20.0±16.1 mg/kg, and the mean daily maintenance dose 
was 29.0±20.1 (Table 2). The main indication for the use of LEV 
was continuation of seizures despite management with pheno
barbital or phenytoin. All patients except 1 neonate were recei
ving concomitant AEDs. The AED included LEV (5.5%), pheno
barbital with LEV (61.1%), and phenobarbital, phenytoin with 
LEV (33.3%). 

The response to treatment was based on clinical data and the 
results of routine EEG monitoring. One hundred percent seizure 
cessation was achieved by 72 hours after loading doses. The 
results showed that 94% of patients had seizure cessation within 
the first week, and 89% remained seizure-free under the LEV 
therapy until 1 month. In addition, EEGs were markedly improved 
in 60% patients at 2 weeks and 50% patients at 1 month (Table 3).

Table 1. Characteristics of the study patients (n=18)

Characteristic Value

Male sex 11 (61)

Gestational age (wk) 35.0±5.9 (24.3–39.9)

Birth weight (g) 2,393.0±1,275.1 (535–5,440)

Apgar score

1 Minute 5.1±3.1 (0–10)

5 Minutes 6.3±2.8 (0–10)

Etiology

Hypoxic-ischemic encephalopathy 12 (67)

Meningoencephalitis   1 (6)

Intracerebral hemorrhage   1 (6)

Brain malformation   4 (22)

Values are presented as number (%) or mean±standard deviation (range).

Table 2. Dosing and sampling data of levetiracetam (n=151)

Variable Value

Sample time after medication (hr) 11.7±2.4 (6–23)

Loading dose (mg/kg) 20.0±16.1 (4.9–59.5)

Maintenance dose (mg/kg) 29.0±20.1 (4.5–99.5)

Postmenstrual age at medication (wk) 47.6±6.6 (22.3–66.0)

Postnatal age at medication (wk) 12.6±7.3 (3.4–35.1)

Body weight at medication (g) 4,270±1,760 (535–10,450)

Values are presented as mean±standard deviation (range).
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LEV plasma levels were in the range of 1–41 μg/mL (reference 
values, 6–20 μg/mL), and 83 of 151 samples (55%) were included 
in the therapeutic range. Only 8 samples (5%) were found above 
the therapeutic range. No immediate adverse effects were noted, 
and the laboratory results at the time of LEV measurement were 
within normal (Table 4). 

The pharmacokinetics of LEV was best described by a one-
compartment model, parameterized by the volume of distribution 
(V) and clearance (CL). Here, the drug absorption kinetics was not 
considered in the model as the sampling times between 6 and 23 
hours were not early enough to model the absorption phase. The 

typical parameter estimates (relative standard error%) for the 
selected model were 1.15 L/kg (29.7%) and 0.083 L/hr/kg (12.7%) 
for V and CL, respectively, yielding 4.947 L for V and 0.357 L/hr 
for CL when evaluated at the median weight of 4.3 kg and the 
median postmenstrual age of 48.7 weeks. The interindividual 
variabilities were shown (Table 5). Covariate modeling revealed 
that, around its typical value, CL increases parabolically with 
clearance maturation and decreases exponentially with serum 
creatinine concentration. When the predicted serum LEV concen­
tration was compared with the observed concentration over time, 
overall the prediction matched with the observation, supporting 
the validity of the model developed (Fig. 1).

Discussion

The results of this study demonstrate the safety and pharma
cokinetics of LEV in neonates with neonatal seizures. This is the 
first study that developed a PPK model for LEV in Korean neo
nates. 

Neonatal seizures are common, with an incidence of 1.5–
3.5/1,000 in term newborns and 10–130/1,000 in preterm new
borns10). Neonatal seizures are usually caused by severe cerebral 
pathology and have long-term consequences on the developing 
brain. Despite their frequency and clinical significance, currently, 
there are lack of randomized controlled trials to validate a treat
ment procedure for neonatal seizures11). Available data indicate 
that phenobarbital or phenytoin remains the first-line treatment 
for neonatal seizures12). However, phenobarbital and phenytoin 
relieved seizures in only 43% and 45% of neonates, respective
ly13). On the other hand, there is concern regarding long time ad
verse effects of traditional AEDs since they were shown to trigger 
apoptotic neurodegeneration in vitro14) and to induce cognitive 
impairment in infants and toddlers15). Thus, there is increasing 
interest in new AEDs as safer therapeutic options for neonatal 
seizures. 

LEV is an effective AED licensed as an adjunctive therapy in 

Table 3. Efficacy of levetiracetam (n=18)

Variable Value

Seizure free until 7 days after LEV medication 17 (94.4)

Seizure free until1 month after LEV medication 16 (88.9)

EEG normalization at 2 weeks after LEV medication 6 (60.0)

EEG normalization at 1 month after LEV medication 6 (50.0)

Values are presented as number (%).
LEV, levetiracetam; EEG, eletroencephalogram.

Table 4. Laboratory data

Variable Value

Levetiracetam concentration (μg/mL)   8.7±6.3 (1.0–41.4)

Within therapeutic range 83 (55.0)

Below therapeutic range 60 (39.7)

Above therapeutic range   8 (5.3)

Blood urea nitrogen (mg/dL) 10.1±5.0 (1.2–48)

Creatinine (mg/dL)   0.3±0.1 (0.15–2.0)

AST (IU/L) 55.3±59.6 (12–3,267)

ALT (IU/L) 45.5±53.2 (5–1,759)

C-reactive protein* (mg/L)   7.3±7.6 (0.3–90.0)

Intracerebral hemorrhage 1 (6)

Brain malformation 4 (22)

Values are presented as mean±standard deviation (range) or number (%).
AST, aspirate transaminase; ALT, alanine transaminase. 
*Normal range of 0–8 mg/L.

Table 5. Population mean parameter values for the final model

Parameter Value

Structural parameter

V (L/kg) 1.15 (29.7)*

CL (L/hr/kg) 0.083 (12.7)*

Half-life (hr) 9.6

Variance parameter

ωV (CV%) 71.8 (29.5)

ωCL (CV%) 30.4 (29.1)

Values are presented as mean±standard deviation (range) or number (%).
AST, aspirate transaminase; ALT, alanine transaminase. 
*Normal range of 0–8 mg/L.
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Fig. 1. Serum levetiracetam concentrations at each time point, showing 
that the overall estimation matched well with the observation.
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dent kinetics. Its major elimination route is through the kidneys. 
It is negligibly metabolized by cytochrome P450 liver enzymes, 
resulting in low drug interactions with AEDs or other drugs22). 
Neonates were found to have a higher clearance rate (neonates 
1.21 mL/min/kg, vs. adults 0.96 mL/min/kg), a higher volume of 
distribution (0.89 L/kg vs. 0.5–0.7 L/kg), and a longer half-life (8.9 
hours vs. 6–8 hours). This is because neonates have decreased 
glomerular filtration and higher total body water content than 
children and adults23). In this study, similar results of pharmaco
kinetics were shown.

PPK model of LEV in Chinese children aged 0.5–14 years with 
epilepsy showed body weight was a significant covariate for LEV 
clearance24). Sharpe and Haas9) noted the clearance in the neo
nates was modeled as a simple function of postnatal age. In Mer
har et al.23)’s study of neonates, pharmacokinetic analysis pointed 
to creatinine clearance as a crucial factor for LEV clearance. The 
estimated value of clearance in our model showed postmenstural 
age and creatinine to be the influential factors in LEV clearance. 
There was no statistically significant association between CL/F or 
V/F and concomitant use of AEDs. 

Our study has limitations: small sample size, no sampling in 
absorption phase with only one sample after dosing, and short-
term follow-up duration. In addition, the LEV dosing regimen 
was not standardized because there have been too few studies 
evaluating the optimal dose with neonatal pharmacokinetic data. 
Most cases received LEV as adjuvant therapy, so it is difficult to 
determine its benefit as a monotherapy based on these data. More 
standardized, larger, and long-term study is required. 

Nevertheless, the pharmacokinetic parameters and research in 
Korean neonates are not known, and this study provides signifi
cant evidence that LEV is an effective and safe anticonvulsant in 
the neonate population, including in premature infants. LEV 
should be considered a reasonable alternative to phenobarbital to 
control neonatal seizures.
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