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INTRODUCTION:
Neonatal seizures can be refractory to conventional antiepileptic drugs 
(AEDs) [ , ], and recently, newer-generation drugs have been 1 2
considered for off-label use and/or clinical trials for this indication. 
Levetiracetam ((S)-α-ethyl-2-oxo-1-pyrrolidine acetamide; LEV) is a 
newer AED with more than a 10-y history of US Food and Drug 
Administration approval for use as adjunctive therapy for partial 
epilepsy and is efcacious and safe as monotherapy in adult and 
pediatric epilepsy syndromes [ , ]. 3 4 Phenobarbital and phenytoin have 
been the mainstay treatment modalities for neonatal seizures. Studies 
have revealed these agents control seizures in less than half of 
neonates, can cause neuronal apoptosis in vitro, and have highly 
variable pharmacokinetics in neonates. In contrast, there have been no 
reports of levetiracetam causing these neurotoxic effects. Due to its 
favorable side effect and pharmacokinetic proles and positive 
efcacy outcomes in neonatal studies to date, there is great interest in 
the use of levetiracetam for neonatal seizures. Seizures are the most 
common manifestation of neurological insult during the neonatal 
period [5]. Etiology and presentation of neonatal seizures are different 
from the children and adults. The most common cause of symptomatic 
neonatal seizures is hypoxic/ischemic encephalopathy (HIE) which 
affects approximately 1-2/100 live births [6,7]. There are no evidence-
based guidelines for the pharmacologic treatment of neonatal seizures 
and management is highly variable. Phenobarbitone (PB) is the 
mainstay for neonatal seizures treatment. The efcacy of PB in the 
complete resolution of seizures varies between 33 and 77% [8]. 
Phenobarbitone can cause neuronal apoptosis in vitro and have highly 
variable pharmacokinetics in neonates [9-11].

Levetiracetam (LEV) may have a better safety prole since it does not 
cause neuronal apoptosis in infant rodents [12]. A recent review on the 
use of LEV in neonatal seizures revealed that complete or near 
complete seizure cessation was achieved in 77% of LEV, compared to 
46% in PB group [13,14]. Literature pertaining to use of levetiracetam 
in neonatal seizures is limited, and there is a lack of randomized 
controlled trials. Hence we conducted this study with the objective to 
compare the efcacy and adverse effects of LEV and PB in the 
treatment of neonatal seizures.

METHODS:
This randomized controlled trial was conducted in the level III NICU 
of a tertiary-care center at Jawahar Lal Nehru Medical College and 

Hospital, Bhagalpur, Bihar over a period of 12 months from July 2020 
to June 2021. Outborn neonates (age 0-28 d) with clinical seizures 
were enrolled in the study. Neonatal seizures were clinically dened as 
abnormal, stereotyped and paroxysmal dysfunction in the central 
nervous system (CNS), occurring within the rst 28 days after birth in 
full-term infants or before 48 weeks of gestational age in preterm 
infants [15]. Neonates with hypoglycemia, hypocalcemia, 
hypomagnesemia, those who received anticonvulsants prior to 
enrolment, and those with major congenital malformations e.g., 
congenital heart defects, neural tube malformations, diaphragmatic 
hernia, choanal atresia, esophageal atresia, tracheoesophageal stula, 
omphalocele, gastroschisis, intestinal obstruction and imperforate　
anus) were excluded.

Clinical details, seizure types and antiepileptic administration, 
including the sequence of drugs, dosage, timing and duration of 
therapy were recorded. Investigations included blood glucose, serum 
calcium, magnesium, electrolytes, complete blood counts, C- reactive 
protein, liver function tests, renal function tests, arterial blood gas, 
lactate, ammonia, cranial ultrasono-graphy, Imaging of brain, 
Electroencephalo-graphy (EEG), and metabolic and genetic testing, 
whenever required to nd out the cause for seizures.

Neonates with clinical seizures were randomly assigned to receive 
either PB or LEV with a 1:1 allocation as per a computer-generated 
randomization schedule and using sequentially numbered, opaque and 
sealed envelopes. When an eligible neonate was eligible to be enrolled, 
the envelope was opened by a clinician who was not part of the study.

After ensuring patency of the airway, breathing and circulation, blood 
sugar and ionic calcium level were performed. If seizures persisted 
even after correction of hypoglycemia and hypocalcemia, neonates 
were randomized for intervention to receive either LEV (20 mg/kg) or 
PB (20 mg/kg) intravenously. Levetiracetam was diluted in normal 
saline to achieve a concentration of 20 mg/mL and administered 
intravenously at a rate of 1 mg/kg/min under cardiorespiratory 
monitoring. If seizures terminated, LEV was continued as 
maintenance at 20 mg/kg/day in two divided doses. If seizures 
continued, another loading dose of LEV (20 mg/kg) was injected, and 
if seizures still persisted, patient was switched over to PB. PB was 
administered in the dose of 20 mg/kg diluted in 1: 10 normal saline 
given intravenously slowly at the rate of 1 mg/kg/min under 
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cardiorespiratory monitoring; if seizures were terminated, it was 
continued at 5 mg/kg/day in two divided doses as maintenance. 
Another loading dose of 10 mg/kg of PB was administered in neonates 
who failed to respond, and if seizures still persisted after two loading 
doses, patient was switched over to LEV.

The proportion of patients achieving cessation of seizures following 
the rst or second dose of the drug (PB or LEV), and those remaining 
seizure-free for next 24 hours was considered as the primary outcome. 
Secondary outcome measure was the proportion of patients 
experiencing adverse events. Termination of seizure was dened 
clinically if there were no abnormal movement/eyeball deviation/ 
nystagmus, no change in heart rate, no change in respiration/saturation 
and autonomic dysfunction. Adverse effects occurring within two 
hours of drug administration, including desaturation, reduced 
respiratory rate, increased ventilator support requirement, 
arrhythmias, blood pressure, or heart rate uctuations by more than 
10% compared to the previous 2 hours, or if vasopressors were 
initiated or increased, were recorded. Increased ventilator requirement 
was considered, if requirement of tidal volume more than 6 mL/kg on 
volume controlled-ventilator, peak inspiratory pressure (PIP) more 
than 22 cm H2O in preterm and 23 cm H2O in term, and mean airway 
pressure (MAP) of more than 12 cmH2O on a pressure-controlled 
ventilator.

Informed consent was obtained from the parents on pre-structured 
proforma as soon as possible after assessing for eligibility. The study 
was approved by the institutional ethics committee of Jawahar Lal 
Nehru Medical College and Hospital, Bhagalpur, Bihar. The sample 
size required for this study was calculated as 200 (100 in each group) 
with 95% two-sided signicance (), 80% power, 1:1 randomization 
and a drop out of 15% assuming a difference in proportion of outcomes 
between the groups as 31% (LEV 77% and PB 46%) [16,17].

Statistical analyses: In the present study, Continuous variables were 
compared between the two groups using independent samples t-test. 
Termination of seizures at 24 hours and occurrence of adverse events 
were compared by Chi-square test. Effect size and its 95% CI were 
computed for the primary and secondary outcomes. P value of less than 
0.05 was considered as signicant. The analyses were carried out using 
the Statistical Package for Social Sciences (SPSS) 20.0 software.

RESULTS:
In the present study, a total of 244 babies with clinical seizures were 
assessed for eligibility during the study period; 44 were excluded and 
100 neonates were randomized to each group. Baseline characteristics 
were comparable in the two groups. The commonest etiology for 
seizures was hypoxic-ischemic encephalopathy (HIE). Focal clonic 
seizures constituted the most common type of seizure in the study 
population.

Table 1:comparison Of Baseline Characteristics Of The Study 
Groups

HIE: Hypoxic ischemic encephalopathy, IEM:  Inborn errors of 
metabolism.

Following rst dose of drug, seizures stopped in 60 (60%) neonates in 
LEV group, and 50 (50%) neonates in PB group. In the LEV group, 
there was a cessation of clinical seizures (and remaining seizure free at 
24 h) in 86 (86%), and in the PB group, it was 62 (62%) after one or two 
doses ( <0.001). Seizure control was better (RR 0.37; 95% CI (0.17, P
0.80) in the LEV group.

A total of 20 adverse events were observed in the PB group and none in 
LEV group. Various adverse events noted in the PB group were; 
hypotension in 10 neonates, bradycardia in 6 neonates and requirement 
of mechanical ventilation in 4 neonates.

6 out of the 14 neonates who did not respond to LEV, responded to PB. 
Among the 38 neonates who did not respond to PB, 32 showed seizure 
cessation with LEV. In the LEV group, 94 were discharged, four left 
against medical advice, and two died. In the PB group, 92 neonates 
were discharged and 8 left against medical advice.

DISCUSSION:
This study aims to obtain essential data regarding the efcacy and 
safety of LEV in this vulnerable and under researched population. In 
the present study, we documented better anticonvulsant efcacy and 
safety of LEV in comparison to PB as a rst-line antiepileptic drug in 
neonatal seizures. A higher proportion of neonates had a cessation of 
seizures in LEV group as compared to PB group. There were no 
adverse drug reactions noted in the neonates who received LEV in the 
present study whereas, 20 of the neonates in the PB group developed 
adverse drug reactions. The efcacy of LEV has been earlier 
demonstrated in a study by Ramantani, . [17], in which 30 (78%) et al
out of 38 infants were seizure-free after receiving LEV. In study by 
Khan, . [18], 19 (86%) of the 22 neonates demonstrated seizure et al
cessation within 1 hour of administration. In a systematic review of the 
efcacy of LEV in neonatal seizures, complete or near-complete 
seizure cessation was achieved in 37/48 (77%) who received LEV as 
rst-line drug, and 24/52 (46%) of the ones with PB as rst-line AED 
[14]. These results show that LEV is at least as effective as PB in the 
control of neonatal seizures as a rst-line agent. However, in a study by 
Abend, . [19], LEV was associated with seizure improvement et al
within 24 hours in only 8 (35%) of 23 neonates. The low response to 
LEV in this study could be due to the usage of LEV as rst-line anti-
epileptic drug in only one neonate in the study. Few other studies 
[14,20] have documented good seizure control with LEV when it was 
used as a second- or third-line agent in control of neonatal seizures. 
The safety of LEV in neonates has also been documented in previous 
studies [17,19-21]. Li et al. demonstrated that levetiracetam is a safe 
and effective treatment for infants and children in an observational, 
prospective study, Li et al. prospectively analyzed 120 patients (39.3% 
female, 61.7% male) with epilepsy receiving mono or combination 
therapy with levetiracetam that were 1 month-old and younger. [22] In 
an another study, Michaelides et al. concluded that i.v LEV was very 
well tolerated in their neonatal population [23].

The limitation of our study was that we did not perform 
electroencephalographic monitoring to document cessation of seizure 
activity. However, in most of the neonatal units, especially with limited 
resources, clinical control of seizures is usually the only guide to 
treatment. Thus, despite this limitation, the generalizability of our 
study for such settings is reasonable. Lack of long-term follow-up and 
inability to perform therapeutic drug levels of PB and LEV were the 
other limitations of the present study. The sample size of our study was 
also inadequate for the outcomes related to various adverse effects.

CONCLUSION:
Levetiracetam can be a good and safe choice for treatment of neonatal 
seizures in comparison to Phenobarbitone as a rst line AED in 
management of neonatal seizures. Levetiracetam has shown to have 
promising anti-epileptic properties for the management of neonatal 
seizure with better efcacy and less or no side effects. There is a need to 
conduct more randomized controlled trials seeking the role of LEV in 
the acute management of neonatal seizures and also for assessing its 
neuro protective role and neuro developmental outcome in these 
neonates. Prospective double blind controlled studies are needed in the 
future.
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