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Abstract

Objective: Seizures in neonates are relatively common.  Only few studies are available about the safety and efficacy of  
antiepileptic drugs used for treatment of neonatal seizures. The standard treatment has been Phenobarbitone (PB). Usually 
it is given as intravenous (I.V.) and followed when it is successful, by the oral form. Recently Levetiracetam (LEV) was studied 
with promising results. Here we compare the safety and efficacy of LEV with PB in the treatment of neonatal seizures.

Methods: This is a randomized single blind study conducted at King Fahd medical city: a tertiary care hospital in Saudi  
Arabia between 2008 and 2015. The Institution Review Board approved the study. Parental agreement was obtained by 
signing informed consent prior to participation in the study.

It is monophasic 22 neonates (birth to 28 days of age) with clinical seizures were recruited from the Neonatal Intensive Unit. 
They were randomized into 2 groups, group1 or 2, utilizing one of the readily available programs of randomization on the 
Internet.

Group 1:  treated with I.V. PB with possible switch to I.V. LEV if the former fails, while group 2 treated with I.V. LEV with 
possible switch to PB if the former fails.

Treatment was randomly chosen and given by the Neonatal Intensive Care nurse as prescribed by physician on duty (pa-
tients do not know which drug is used). Seizure classification was adopted from Volpe.. Clinical detection was the essence 
of diagnosing seizures. This reflected practical choice due to the non-availability of handy electroencephalograms (EEGs).

Results: The efficacy of both drugs in treating seizure showed that 3 of 10 (30%) neonates from those who received LEV as 
first line therapy needed to receive other antiepileptic drugs to control the seizures. Meanwhile, 2 neonates out of 12 who 
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efficacy of the commonly used antiepileptic drugs.

Comparison between PB and Phenytoin (PHT) revealed that 
both drugs were comparable regarding efficacy reaching about 
43% for either drug alone and up to 59% seizure control if 
both drugs are combined [4].

In addition to limited efficacy data for PB, there is concern for 
both its short-term and long-term adverse effects on develop-
ment [5].

A recent study discussed the efficacy of LEV in neonatal sei-
zures. 12 patients received a load of 25 to 50 mg/kg. 9 of 11 
the neonates (82%) reached seizure cessation within 24 hours 
of receiving LEV. No serious side effects were evident. 7 pa-
tients (59%) were discharged on oral LEV alone, 4 (33%) were 
discharged on no oral antiepileptic drugs, and 1 (8%) was dis-
charged on LEV and PB [6].

A report summarized data from 19 neonates with clinical sei-
zures treated with LEV.  

15 were previously treated with PB, and 4 had LEV as first 
line therapy. After initial doses of 4 to 42 mg/kg in the first 
24 hours, maintenance doses of 25 to 90 mg/kg/day were 
achieved.  Transient sedation occurred in 3 and 2 discontinued 
due to sedation and irritability, respectively. 3 infants who had 
failed numerous other medications had no response to LEV.  
11 (58%) became seizure free. Of 8 patients who discontinued 
anti-epileptic drugs, 7 remained seizure free with a follow-up 
of 34 to 57 months. 6 patients who continued on LEV were re-
ported to have “excellent” seizure control for a follow-up of 9 
to 45 months [7].

 These promising results support the importance of doing pro-
spective controlled trials of LEV in neonates.

Another study showed the freedom of seizures in 30 infants 
under LEV at the end of the first week with 27 remaining sei-
zure free at four weeks while EEGs markedly improved in 24 
patients at 4 weeks. In 19 cases, LEV was discontinued after 
2-4 weeks, while 7 infants received LEV up to 3 months. No 
severe adverse effects were observed [8].

2 case reports of LEV use in neonates described a neonatal 
case of “malignant migrating partial seizures in infancy” in a 
patient who was unresponsive to Clonazepam, PB, and Lamo-
trigine. Subsequently, he had a positive response to LEV, which 
was not started, however, until 5 months of age. An initial dose 
of 10 mg/kg/day was increased to 30 mg/kg/day and contin-
ued for 14 months [9].

Another report described the use of LEV in 3 infants, aged 
2 days to 3 months, for refractory seizures or intolerance to 
other anticonvulsants. One patient was started on LEV at a 60 

received PB as first line therapy needed to get either LEV alone 
or with addition to phenytoin after one day.

Several side effects were observed among the PB group as hy-
poglycemia, high renal profile associated with high Creatinine 
level and hyponatremia as Na 121. But only CBC abnormality 
as neutropenia was noticed in the LEV group and no other rea-
son was suggested. 

Significance: Both drugs PB and LEV were found to be effec-
tive in abolishing neonatal seizures. 

In our small sample the efficacy of LEV was 70% as it was ef-
fective in controlling all seizures in 7, while it needed the addi-
tion of PB with and without PHT in 3 (30%).

Efficacy was 83% with 10 patients not needing another drug, 
while 2 neonates needed one drug in one patient and two 
drugs in the other to control their seizures.

The side effects were more on the side of PB. So in this small 
sample study we conclude that both LEV and PB were effective 
with relative superiority of PB regarding efficacy and relative 
superiority of LEV regarding safety

Introduction

Seizures in neonates are relatively common, with variable clin-
ical manifestations. Most of the time they are of earliest signs 
of neurological dysfunction, and they may predict long-term 
cognitive and developmental sequalae [1]. 

The effects of neonatal seizures on the immature brain are 
difficult to distinguish from those of the brain lesions causing 
them, however the presence of prolonged seizures in the neo-
natal period represents an important risk factor for poor prog-
nosis or developing neurological sequelae. The mortality risk 
is still high (22-58%) in preterm births despite its reduction 
in term babies  (7 to 16%) and the overall risk of impairment 
following neonatal seizures is still as high as 30% [2].

Early neonatal seizures are more common than those occur-
ring later in infancy.

Aim of treatment of neonatal seizures may be variable; but 
usually it is aimed at ruling out immediately treatable caus-
es, decreasing risk of seizure induced central nervous system 
injury as well as decreasing detrimental effects of seizures on 
other systems.

The standard treatment for neonatal seizures has been and 
still is phenobarbitone. Usually it is given as I.V. and followed 
when it is successful, by the oral form [3]. 

Unfortunately there are only few studies about the safety and 
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mg/kg orogastric bolus, followed by a maintenance dose of 30 
mg/kg/day.  LEV was initiated at 30 mg/kg/d in the other 2. 
The infants were seizure-free on LEV mono-therapy during 
follow-up intervals ranging from 2 to 18 months.  No adverse 
events were reported [10].

Other report analyzed 22 neonates; 12 females and 10 males 
with partial epilepsy who received I.V. LEV. 

19 patients (86%) experienced immediate seizure control 
within one hour of the loading dose. These patients responded 
to I.V. LEV both electrographically and clinically with improve-
ment seen one hour after commencing the loading dose. No 
further seizures were recorded while on I.V. LEV in 7 (32%) 
of neonates after loading. 14 patients (64%) achieved seizure 
freedom on I.V. LEV within 24 hours of the loading dose, 19 
(86%) within 48 hours, and 22 (100%) within 72 hours [11].
Levetiracetam’s efficacy and safety has been confirmed in dif-
ferent age groups.

110 children with refractory epilepsy were evaluated. The 
children included 21 aged <4 years.  LEV was effective (>50% 
decrease in seizure frequency) in 39% of children, of whom 
10 (9%) became seizure-free. The median follow-up period 
was7 months. LEV was well tolerated. The main side effects of 
somnolence and irritability occurred in 14% of patients. In one 
patient, acute choreoathetosis occurred after few doses of LEV. 
The adverse effects were generally tolerated. Children younger 
than 4 years were particularly tolerant. The authors concluded 
that LEV might be a valid therapeutic option for epilepsy in in-
fants and young children [12].

26 children age 10 years and under with refractory epilepsy 
were retrospectively studied to evaluate the efficacy and safety 
of LEV.

61% of patients showed a good response to LEV (≤50% reduc-
tion in seizure frequency), of whom 2 (8%) with previously re-
fractory epilepsy became seizure-free. LEV was well tolerated 
with very few reported side effects [13].

In 81 children younger than 4 years of age with refractory ep-
ilepsy studied in multi center retrospective study with follow 
up period of 9 months, LEV was found to be effective in 30% 
of patients (response >50% of seizure reduction, 12% of those 
became seizure free).

34% of patients showed adverse effects mainly drowsiness 
and nervousness.

Adverse events were either tolerable or resolved with time 
with dosage reduction or discontinuation of the drug [14].

Regarding tolerability and dosing experience of IV LEV in chil-

dren and infants, our institute experience revealed that high 
doses LEV (whether as loading or maintenance) were safe and 
tolerable (unpublished data).

15 children <14 years of age were studied using I.V. LEV. 

Among those, 6 patients were < 4 years of age (they received 
82/118 infusions) with initial dosing average 13.8 mg (12-
15.6) and maintenance dose average 26.5 mg with  (5-43) mg/
kg/day.

No side effects were noticed during the 15 minutes infusion; 
but while on the maintenance dose, one patient among the 
group <4 years reported agitation and modest decrease in 
white blood cell count [15].

Methods

This is a randomized single blind study conducted  at the  
Pediatric Neurology Department, National Neuroscience In-
stitute King Fahad Medical City,  a tertiary care hospital  in  
Riyadh, Saudi   Arabia between first of January 2008 and 30th  of 
June  2015. The Institution Review Board approved this study.  
Parental agreement was obtained by signing informed consent 
prior to participation in the study.

It is monophasic 22 neonates (birth to 28 days of age) with 
clinical seizures were recruited from the Neonatal Intensive 
Unit. They were randomized into 2 groups, group1 or 2, utiliz-
ing one of the readily available programs of randomization on 
the Internet.

Group 1:  treated with I.V. PB with possible switch to I.V. LEV if 
the former fails, while group 2 treated with I.V. LEV with possi-
ble switch to PB if the former fails. 

The diagnosis of the 2 groups were clinically based adopting 
Volpe classification [16].

Because EEG is a facility not always available, and as lack of 
consistent electrographical correlates from surface record-
ed EEG findings does not rule out an epileptic process[16], 
we elected to choose clinically based seizures for the trials of 
treatment.

As electroclinical dissociation is well known in newborns[17] 
we considered recruiting those babies with clinically con-
firmed seizures. The rare type of generalized tonic clonic sei-
zures was the one affecting all our babies. This was a kind of 
unexpected finding; but it reflected how undoubtedly the con-
ditions were true seizures and not any of the mimickers. This 
might be thought to be a limitation; but the aim of the study 
was to compare efficacy of 2 drugs in treating detected sei-
zures and not to detect or estimate the occurrence of seizures 
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Safety and tolerability endpoints:
 
Tolerability measures included adverse events (AEs), defined 
as any untoward medical occurrences reported by investiga-
tors at any time during the study.

Adverse events would be reported regardless of their cause. 

Safety was assessed on the basis of AEs, physical and neurolog-
ic examinations, vital signs, and clinical laboratory tests. 

Adverse events were rated as mild, moderate, or severe, and 
serious AEs according to International Co-operation on Har-
monisation (ICH) standards.

Adverse events categories were based on the International 
Medical Nomenclature/International Therapy Dictionary.

Pretreatment assessments and procedures:

1. Medical history included pregnancy, perinatal, and family 
history information.

2. Comprehensive general, systemic, and neurologic examina-
tion was done.

3. Blood work included:
     a. Blood glucose.
     b. Urea and electrolytes.
     c. Liver and thyroid function tests.
     d. Blood gases
     e. Metabolic screening.
     f. Electroencephalography.
     g. Cranial ultrasound
     h. Neuroimaging (CT/MRI brain)

4. Daily:
     A) Seizure chart.
     B) Adverse events
     C) As indicated:

Blood ammonia, acylcarnitine, and lactate

Results: Data were represented as number either percent-
age or mean+- SD.

The Demographic characteristics of the neonates where com-
parable in the two groups in regards to the gestational age.

However, the birth weight was relatively higher in the PB 
group (3097.4+1040.5) versus (2087+1173.7) and the head 
circumference was lower in the LEV group (30.8 ±5.12) versus 
(35.83±6.79) (Table1).

in this age group. 

Treatment was randomly chosen and given by the Neonatal 
Intensive Care nurse as prescribed by physician on duty (pa-
tients do not know which drug is used).   

The intravenous form of either drug was continued until it is 
possible for the baby to take orally.

No exclusion criteria were applied. Instead, if failure of a drug 
or adverse events occurred, the baby was switched to the other 
drug and this would be analyzed at the end of the study.

The drug was considered failure if it could not stop at least 
50% of the neonate seizures in 24 hours (50% of duration of 
all the seizures per 24 hours).

It was considered partially successful if it controlled 50-80% 
of the seizures, and successful if it controlled ≥ 80% but less 
than 100% of the seizures, or successful without need to other 
drugs if it controlled 100% of the seizures.

The dose of PB was started as I.V. loading 10-20 mg /kg over 
10-20 minutes. The dose could be repeated up to 40-60 mg/ kg 
loading (as recommended by previous studies [18,19].

On the other hand, the dose of LEV was started at I.V. 10 mg/kg 
and could be increased up to 50 mg/kg [20].

Each drug was evaluated based on the endpoint; which was the 
rate of seizure cessation after 3 days on treatment (Figure 1). 

Figure 1. The study protocol of the use of IV PB or IV LEV for neonatal 
seizures.

Jacobs Publishers 4

Cite this article:  Mahmoud. I.V. Levetiracetam versus Phenobarbitone in Neonatal Seizures A Randomized, Single Blind Prospective Clinical Trial. J J Pedia. 2016, 2(1): 011.

Neonatal seizure 

3 Days LEV 3 Days PB 

Randomize 

Success Failure 

Day (3) 
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Failure Success 

SwitchLEV SwitchPB 

Day (3) Failure Day (3) Failure Day (3) Success 

<50% 
Control 

Partial successful  > 50%- 80% SZ Control 
Successful  ≥ 80 % SZ Control 
Successful without need other drug  100% SZ control  

 Endpoint @ day 3 

Figure 1. The study protocol of the use of IV PB or IV LEV for neonatal seizures 



Table 1. Demographic characteristics in LEV and PB

The maternal medical history of the included neonates in LEV 
group included hypertension, gestational Diabetes, and Uri-
nary tract infection (40%) compared to 25% in PB arm that 
were represented by Hepatitis B+ve, Hypertension, Gesta-
tional Diabetes Mellitus, and Systemic Lupus Erythematosus/
Group B Streptococci .

Unlike LEV group, where the fetal movement during pregnan-
cy was normal in 100%, the PB group, fetal distress was re-
corded in 4 (33.3%) (Table 2)

Table 2. Maternal data in LEV and PB (n=22)

Prematurity was the main cause of admission in LEV group 
(40%), while it was the congenital anomaly in PB group 
(41.66%), although no significant difference in number of 
cases of prematurity and babies with congenital anomalies in 
both groups. (Table 3)

50% and 58.33% in the LEV and PB respectively showed neu-
rological abnormalities. 

The LEV group involved more patients with hydrocephalus 
and hypotonia (Table 3).

The seizure attack was categorized based on age onset, type, 
frequency and duration.

Tonic-clonic was the main type that both groups experienced.

The neonates in LEV group experienced seizure as early as one 
day old or as late as 67 days. While in PB arm, most of the neo-
nates suffered from seizures within hours of delivery: 41.66% 
between 2-5 days and in 33% onset reached 38 days. There 
were more neuroimaging abnormalities in the PB group 10 
(83.3) compared to 6(60) in LEV arm (Table 4).
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Characteristics LEV Group  (n = 10) PB Group  (n = 12) P – value 

Gestational age (week) 38.7 ± 16.46 37 ± 4.30 0.733 

Birth weight (kg) 2087 ± 1173.7 3097.4 ± 1040 0.044 

Head circumference (cm) 30.8 ± 5.12 35.83 ± 6.79 0.068 

Mode of delivery 
Vaginal c/s 

 

2 (20%) 
8 (80%) 

7 (58.33%) 
5(41.6%) 

0.068 
 

Characteristics LEV Group N=10(%) PB Group N=12 (%) P – value 

Age (year) 30 ± 6.3944 31 ± 4.541 0.669 

Amniotic fluid Normal 10(100%) 
Normal 11 (91.6%) 

Meconium 1(8.4%) 

 

0.350 

Illness 

Yes 

 

N0 

4 (40%) 

(HTN, Gestational 

DM,UTI) 

6(60%) 

3(25%) 

(Hep. B+ve, HTN ,Gest 

DM,SLE/GBS) 

9(75%) 

     0.452 

Medication 

Yes 

2 (20%) 

antihypertension 

antibiotics 

2 (16.66%) 

antihypertension 

antibiotics 

0.840 

APH 

Fetal movement 

Normal 

Fetal distress 

 

10 (100%) 

0.0 

 

8(66.66%) 

4(33.33%) 

 

 

0.0435 

 

 



Table 3. Clinical data on LEV and PB

Table 4. Seizure, neuron imaging and EEG of patients in LEV arm
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 LEV Group (n = 10) PB Group (n = 12 ) P – value 

Cause of admission 

Prematurity 4 (40%) 

Congenital anomalies 

3(30%) 

Respiratory distress 

2(20%) 

Sepsis 1(10%) 

Prematurity 3 (25%) 

Congenital anomalies 5 

(41.66%) 

Seizure 3 (25%) 

Sepsis 1 (8.33%) 

 

 

0.881 

Dysmorphism and 

Structural 

Abnormalities 

Yes 

No 

 

 

 

4 (40) 

6 (60) 

 

 

 

4 (33.3) 

8 (66.66) 

 

 

 

 

 

0.746 

Neurological 

abnormalities 

None 

Present as 

 

5 (50%) 

Hydrocephalus 3 (30%) 

Hypotonia 1(10%) 

Spina bifida 1(10%) 

 

7 (58.33%) 

Hydrocephalus 2(16.6%) 

Dilated bilat ventricles 

1(8.33%) 

Ventriculomegaly 1(8.33%) 

Wide anterior fontanel spina 

bifida 1(8.33%) 

 

 

0.785 

 

 LEV Group (n = 10) PB Group (n = 12) P – value 

Onset age 

1 day or less 

2 -5 days 

>10 days 

 

6 (60%) 

1 (10%) 

3(30%) 

 

5 (41.66%) 

4 (33.33%) 

3 (25%) 

 

 

 

0.425 

Type 

Tonic-clonic 

 

10 (100%) 

 

12(100%) 

 

1.000 

Frequency 

1time 

2times 

3 times 

4 times 

 

7 (70%) 

2(20%) 

0.0 

1 (10%) 

 

7 (58.33%) 

2 (16.66%) 

1 (8.33%) 

2 (16.66%) 

 

 

0.762 

Duration 

Less than 30 seconds: 

3(30) 

30 seconds: 4(40) 

60 seconds: 3 (30) 

Less than 60 second: 

8(66,6) 

60 seconds: 1(8.3) 

More than 60 seconds: 

3(25) 

 

0.146 

Neuro imaging 

abnormalities 

None 

Present 

 

 

4(40%) 

6 (60%) 

 

 

2(16.6%) 

10(83.3%) 

 

 

0.221 

 

EEG 
None 4 (40%) 

Done 6 (60%) 

None 5 (41.6%) 

Done 7 (58.33%) 

 

0.936 

 



The efficacy of both drugs in treating seizure showed that 3 of 
10 (30%) neonates from those who received LEV as first line 
therapy needed to receive other antiepileptic drugs to control 
the seizures. Meanwhile, 2 neonates out of 12 who received 
PB as first line therapy needed to get either LEV alone or with 
addition to phenytoin after one day (table 5).

Table 5.  Switch to another medication.

Several side effects were observed among the PB group as hy-
poglycemia, high renal profile associated with high Creatinine 
level and hyponatremia as Na 121. But only CBC abnormality 
as neutropenia was noticed in the LEV group and no other rea-
son was suggested. 

Discussion

Neonatal seizures are serious health conditions. They might 
lead to a delay in the neurological development in brain. Prop-
er management of those cases leads to significant outcome 
change [21].

Despite the fact that antiepileptic medications are not well 
investigated in terms of safety especially in neonates, PB has 
been used for long time [22]. Its safety profile is low compared 
to some other antiepileptic medications [22].

As supported by other studies, LEV has more favorable safe 
profile in terms of side effects compared to PB [23].

The purpose of this pilot study is to gather information about 
the efficacy and safety of PB and LEV in neonates.  The small 
sample size of the study was accepted based on the purpose to 

assess the feasibility of larger experiment.
The rarity of generalized tonic clonic seizures due to cerebral 
immaturity [16] reflects the accuracy of having real seizures 
and not conditions mimicking seizures. This is important as 
the aim of the study is not how best to diagnose or capture 
all seizures; but to compare between 2 drugs regarding their 
efficacy of treating confirmed seizures. 

Of importance is to mention that the response to either drug 
was clinically based; but babies’ clinical manifestations that 
reversed completely and general condition that had improved 
with cessation of seizure and autonomic manifestations left no 
doubt that those seizures were truly responding. In reality we 
followed those babies with EEGs to determine when to stop 
the treatment; but that was not a part of the study.

Further studies on large scales are needed to support our find-
ings and to confirm our results.

The demographic, maternal data, clinical, neuroimaging infor-
mation, response and side effects of the medication were col-
lected. There was no significant difference in demographic and 
maternal features in both groups. The clinical diagnosis, time 
of the first seizure, neuroimaging findings and underlying con-
genital malformation were more or less comparable.    

Conclusion

Both drugs PB and LEV were found to be effective in abolishing 
neonatal seizures. 

In our small sample the efficacy of LEV was 70% as it was ef-
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 LEV Group PB Group P – VALUE 

Need for other 

medication 

7(70%): no need 

for other drug 

3(30%): needed PB 

10 (83.33%): no need for 

other drug 

 

1 (8.33) needed: 

LEV+PB +Phenytoin  

1 (8.33) needed PB+LEV 

 

0.306 

LFT 

abnormalities 

Present 

0.0 

 

4 (33.3%) 

 

 

0.195 

CBC 

abnormalities 

Abnormal 

5(50) 2 (16.66) 0.226 
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 Efficacy of PB was 83% with 10 patients not needing another 
drug, while 2 neonates needed one drug in one patient and two 
drugs in the other to control their seizures.

The side effects were more on the side of PB. So in this small 
sample study we conclude that both LEV and PB were effective 
with relative superiority of PB regarding efficacy and relative 
superiority of LEV regarding safety.
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