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ABSTRACT

في   )LEV( ليفيتيراسيتام  عقار  وسلامة  فعالية  تقييم  الأهداف:  
التحكم بالتشنجات لدى حديثي الولادة.

بمنهج  معمية  غير  استباقية  اكلينكية  دراسة  أجريت  الطريقة:  
للأطفال،  المركزة  والعناية  الولادة  حديثي  أمراض  بقسم  واحد 
جامعة  الرضا،  الإمام  ومستشفى  كرمنشاهي،  محمد  مستشفى 
مايو  من  الفترة  خلال  إيران  كرمنشاه،  الطبية،  للعلوم  كرمنشاه 
2014م حتى ديسمبر 2014م. اشتملت الدراسة على 50 من 60 
طفل حديثي الولادة، العمر الجيني أكثر من أو يساوي 30 أسبوع 
الفم  طريق  عن   LEV عقار  صرف  بالتشنجات.  سريرياً  شخصوا 
بجرعة أولية بلغت 10 ملغ/كلغ/ مرتان يومياً. وقد تمت ملاحظة 
المرضى بشكل مستمر عن طريق ممرضات العناية المركزة للأعصاب 
وطبيب أعصاب الأطفال في الأيام السبعة ثم في الأيام 14، و 30، 
و90 بعد استخدام LEV. كما أجري الفحص الاكلينيكي، وعدد 
والأعراض  للصرع  المضادة  الأدوية  واستخدام  التشنجات  مرات 

الجانبية بالتفصيل.

بعد  التشنجات  من  تعافوا  الولادة  حديثي  طفل   47 النتائج:  
استخدام عقار LEV في نهاية الأسبوع الأول، و47 طفل حديثي 
الولادة استمروا متعافين من التشنجات حتى نهاية الأسبوع الرابع، 
حتى  التشنجات  من  متعافين  استمروا  الولادة  حديثي  طفل  و46 
11. لم تظهر أي أعراض جانبية طويلة المدى أو مباشرة  الأسبوع 

لدى المرضى.

في   LEV عقار  وسلامة  فعالية  من  الدراسة  هذه  تحققت  الخاتمة: 
من  للمزيد  الحاجة  مع  الولادة  حديثي  لدى  بالتشنجات  التحكم 

التجارب المخبرية للتأكد من ذلك.

Objective: To evaluate the efficacy and safety of 
levetiracetam (LEV) in the management of seizures 
in neonates.

Methods: A prospective non-blind, single arm clinical 
trial conducted in the Department of Neonatology 
and Pediatric Intensive Care, Mohamad Kermanshahi, 
and Imam Reza Hospital, Kermanshah University 
of Medical Sciences, Kermanshah, Iran from May 
2014 to December 2014. Fifty out of 60 newborns 
with gestational age ≥30 weeks with clinically
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 diagnosed seizures were included. Levetiracetam was 
administered orally with an initial dose of 10 mg/kg 
twice a day. The patients were observed continuously 
by Neuro Intensive Care nurses, and visited daily by a 
neuropediatrician in the first 7 days and then at days 
14, 30, and 90 after the start of LEV administration. 
Clinical examination was performed for every patient, 
and seizure number, antiepileptic medication, 
and adverse events were detailed at every visit. 

Results: 47 infants were seizure free under LEV at 
the end of the first week, 47remained seizure free at 4 
weeks, and 46 remained seizure free at 11 weeks. No 
immediate and long-term side effects were noted in 
our patients. 

Conclusion: This study investigated the efficacy 
and safety of LEV in neonatal seizure control but 
confirmation with further randomized controlled 
trials is required.
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Neonatal seizures have undesirable effects on brain 
development, so their early recognition, and 

treatment is critical to prevent mortality and future 
motor or cognitive disability.1-3 The incidence of seizures 
in the neonatal period is 5 per 1000 live births, and in 
preterm neonates is 11 per 1000 live births.1,2 At present, 
phenobarbital (PB) remains the first-line treatment for 
neonatal seizures.4 Efficacy of traditional treatment (PB 
and phenytoin) in neonates is 30-50% for stopping 
of electrical seizures.5 Additionally, there is increasing 
concern related to the long term adverse effects of 
PB, it was shown to increase neuronal apoptosis in 
animal studies6 and leads to cognitive impairment in 
children.7 Levetiracetam (LEV) is a second-generation 
anticonvulsant drug that since 2004 has been approved 
by the FDA as an add-on to other antiepileptic medicines 
for partial onset seizures treatment in children 4 years 
of age and older, and again, in 2012, for adjunctive 
therapy in partial onset seizure in adults and children 
one month of age and older with epilepsy, but not for 
neonatal seizures.8 In contrast to most other established 
antiepileptic drugs, LEV was found not to have 
neurodegenerative effects in early animal studies,6 and 
it is considered safe because of linear pharmacokinetics, 
fast and approximately full absorption after oral intake, 
slight protein binding, mainly renal elimination, and 
no established serious drug interactions.9 Therefore, the 
present study evaluated the efficacy and safety of LEV 
in the management of seizures in neonates.

Methods. Search method. From 2009 to 2014, we 
searched MEDLINE, Ovid, CINAHL, EBSCO, and 
PubMed for full-text articles written in English with 
proper subject terms: 1) neonatal seizure; 2) treatment; 
and 3) levetiracetam. 

Study design. The study was performed as a 
prospective non-blind, single arm clinical trial from 
May 2014 to December 2014. Our subjects were 
chosen from neonates with the diagnosis of seizure 
admitted to the Department of Neonatology and 
Pediatric Intensive Care of Mohamad Kermanshahi 
and Imam Reza Hospital affiliated to Kermanshah 
University of Medical Sciences, Kermanshah, Iran. 
The diagnosis of seizure was established clinically, and 
no continuous EEG monitoring was performed at the 
time of diagnosis. The local ethics committee approved 
the study protocol, and written informed consent was 
obtained from the parents of newborns. This study was 
carried out according to the principles of the Helsinki 
Declaration. The patients were included based on the 
following inclusion and exclusion criteria.

Inclusion criteria. 1. Gestational age ≥30 weeks; 
2. Postnatal age ≤29 days; 3. Birth weight ≥2000 
grams; 4. Clinical seizures requiring treatment with an 
antiepileptic medication (as per the judgment of the 
clinician caring for the patient)

Exclusion criteria. 1. Neonates with renal 
insufficiency indicated by serum creatinine ≥1.; 2. 
Neonates whose seizures were caused by electrolyte 
disturbances or hypoglycemia, or whose seizures in 
response to pyridoxine.

Table 1 -	 Demographic and clinical characteristics of 50 
newborns clinically diagnosed with seizures in 
Iran. 

Gender n (%)

Male 29 (58)

Female 21 (42)

Gestational age

≤36 weeks+6 days 24 (48)

≥37  26 (52)

Seizure etiology

Unknown 34 (68)

Meningitis 7 (14)

Hypoxic ischemic encephalopathy 3 (6)

Inborn error metabolic disorder 3 (6)

Withdrawal syndrome 1 (2)

Kernicterus 2 (4)

Seizure subtype

Subtle 10 (20)

Tonic 23 (46)

Clonic 10 (20)

Myoclonic 5 (10)

Spasm 2 (4)

Intracranial sonography

Normal 36 (72)

Intracranial hemorrhage 8 (16)

Hydrocephaly 3 (6)

Brain cyst  2 (4)

Intracranial hemorrhage and 
hydrocephaly 

1 (2)

First EEG

Normal 38 (76)

Abnormal 12 (24)

Follow up EEG

Normal 48 (96)

Abnormal 2 (2)
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Figure 1 -	Consort flowchart of patient enrollment and disposition.

Neonatal seizures were defined according to Volpe’s 
classification10 as subtle, focal, clonic, multifocal clonic, 
focal tonic, generalized tonic, and myoclonic. Because 
LEV (Keppra, UCB Pharma S.A. Brussels, Belgium) 
intravenous (IV) formulation were not available at the 
beginning of the study; we used Keppra oral solution. 
Levetiracetam was administered as the first-line therapy 
and intravenous PB and phenytoin were allowed as the 
second and third–line therapy only during the first 2 
days of LEV titration. Levetiracetam was administered 
orally with an initial dose of 10 mg/kg twice a day. The 
daily dose was allowed to be increased by 10 mg/kg over 
3 days up to 30 mg/kg, depending upon the clinical 
response. This dosage protocol was selected according 
to pervious study.11 The patients were observed 
continuously by Neuro Intensive Care nurses and 
visited daily by a neuropediatrician in the first 7 days 
and then at days 14, 30, and 90 after the start of LEV 
administration. Clinical examination was performed 
for every patient, and seizure number, antiepileptic 
medication, and adverse events were detailed at every 
visit. The EEG was performed during the first 7 days 
after drug initiation and at the end of the first month 
and at 3 months. After one week of seizure control, 
decisions regarding further treatment were considered 
individually. 

Cerebral ultrasound was performed in all infants in 
the first 48 hours. Laboratory tests including complete 
blood count, hepatic and renal function parameters 
were performed before treatment initiation, and at the 
end of the first week and at all further visits. The LEV 
serum levels were not measured. 

Statistical analysis. Patient’s demographic and 
clinical information were recorded in a predesigned 
checklist. The data were analyzed with the Statistical 
Package for Social Sciences software version 19 (SPSS 
Inc., Chicago, IL, USA). Descriptive statistics were used 
to report variables. Values were expressed as means±SD 
or as percentages.

Results. Fifty of 60 newborns with clinically 
diagnosed seizures admitted to the emergency room 
were included. A flow chart of patient enrollment 
and disposition is provided in Figure 1. The mean age 
was 8.7 days, the gestational ages ranged from 30-41 
weeks and birth weights between 2050 to 4200 kg. The 
demographic and clinical characteristics of all infants 
included in the study are summarized in Table 1. 

Three newborns suffered status epilepticus. All 
other newborns presented with repetitive seizures. 
Forty-seven newborns receiving LEV became seizure 
free within a few days at LEV doses of 20 mg/kg/ day. 

Others needed to LEV dosage to 40 mg/kg/ day.40 Forty 

newborns required an additional use of PB 20 mg IV as 
acute management in the first 24 hours after the start 
of LEV treatment, because of seizure repetition during 
LEV titration. Out of 40 patients, 10 patients received 
an additional dose of PB 20 mg IV on the second day 
after treatment initiation and 3 of whom acquired 
additional treatment with phenytoin. Forty-seven 
neonates were seizure free under LEV at the end of the 
first week, and 47 remained seizure free after 4 weeks, 
and 46 remained seizure free after 12 weeks, while 
EEG markedly improved in 10 patients at the end of 
the fourth weeks. Three infants had seizure recurrence 
during the first week, in all of whom LEV substituted 
with PB. In 25/50 cases, LEV was discontinued after 2-4 
weeks of seizure freedom. Levetiracetam was continued 
in 25 cases up to 3 months after treatment initiation. 
No immediate and long-term side effects were noted in 
our patients.

Discussion. Our study revealed that LEV was 
effective in controlling neonatal seizures in 47 patients. 
Our results are in agreement with data from randomized 
trials conducted by Khan et al.12 They retrospectively 
studied 22 term neonates who were treated with 
intravenous LEV as a second-line drug after PB therapy 
failure, and revealed that seizure was terminated in 86% 
(19/22) of subjects one hour after the initial dose. All 
patients were seizure-free by 72 hours.12 In other study 
conducted by Khan et al13 12 preterm neonates with 
seizures who received levetiracetam were studied.13 
Their results showed that 10 patients achieved seizure 
cessation by 72 hours and at 6 months follow up, 6 
were seizure free and were weaned off medication and 
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3 remained seizure free on oral medicine. Abend et al14 
in a retrospective cohort study, reviewed 23 neonates 
with EEG-confirmed seizures who received LEV. They 
observed LEV was associated with a greater than 50% 
seizure reduction in 35% (8 of 23), including seizure 
termination in 14 (30%). Four out of 23 neonates in 
this trial, received LEV as first-line therapy, and 14 
patients received LEV as second-line after PB and the 
remaining 5 patients received LEV as third-line or later. 
In a prospective feasibility study carried by Ramantani et 
al.11 Intravenous LEV was applied as first-line treatment 
in 38 preterm and term newborns. Their study revealed 
that LEV is safe and effective in controlling neonatal 
seizures,11 Furwentsches et al15 studied prospectively the 
use of oral LEV in 6 newborns (gestational age 31-41 
weeks). In their study all 6 newborns were seizure-free 
within 6 days and 4 of the 6 remaining seizure-free at 
3 months.15 

No serious adverse effects were seen in our 
patients. These results were consistent with findings 
of most of the previous studies.11-16 The 47 newborns 
receiving LEV became seizure free within a few days 
at LEV doses of 20 mg/kg/ day. Different studies have 
described a wide broad range for LEV dosage ranging 
from 10 to 80 mg/kg/day. Merhar et al17 studied the 
pharmacokinetics prospectively of LEV in 18 newborns 
with seizures. They pointed that neonates had lower 
plasma clearance, higher volume of distribution, and 
longer half-life compared with older children and 
adults. They suggest that due to the higher volume of 
distribution in newborns, the loading dose should be 
higher compared to older children and adults, and on 
the basis of lower plasma clearance, the dosing interval 
may need to be increased. So the appropriate dosage of 
LEV in neonates needs to be studied further.

There were some limitations to this study. First, 
continuous EEG monitoring before and during the 
first week of treatment was not performed, and the 
evaluation of seizure response was based on clinical 
observations. Seizures in neonates are distinct from 
those of older children and adults. The most common 
neonatal seizures are defined as subtle because the 
clinical presentations are often missed. Second, the 

lack of control group, third, the small population size, 
and finally, blood levels of antiepileptic drugs were not 
measured. 

In conclusion, this study illustrated the efficacy 
and safety of LEV in neonatal seizure control, but 
confirmation with further randomized controlled trials 
is required. 
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