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Intravenous levetiracetam versus phenobar
bital in children with status epilepticus or 
acute repetitive seizures
Yun-Jeong Lee, MD, Mi-Sun Yum, MD, Eun-Hee Kim, MD, Tae-Sung Ko, MD
Department of Pediatrics, Asan Medical Center Children’s Hospital, Seoul, Korea

Purpose: This study compared the efficacy and tolerability of intravenous (i.v.) phenobarbital (PHB) 
and i.v. levetiracetam (LEV) in children with status epilepticus (SE) or acute repetitive seizure (ARS). 
Methods: The medical records of children (age range, 1 month to 15 years) treated with i.v. PHB or 
LEV for SE or ARS at our single tertiary center were retrospectively reviewed. Seizure termination was 
defined as seizure cessation within 30 minutes of infusion completion and no recurrence within 24 
hours. Information on the demographic variables, electroencephalography and magnetic resonance 
imaging findings, previous antiepileptic medications, and adverse events after drug infusion was 
obtained. 
Results: The records of 88 patients with SE or ARS (median age, 18 months; 50 treated with PHB and 
38 with LEV) were reviewed. The median initial dose of i.v. PHB was 20 mg/kg (range, 10–20 mg/kg) 
and that of i.v. LEV was 30 mg/kg (range, 20–30 mg/kg). Seizure termination occurred in 57.9% of 
patients treated with i.v. LEV (22 of 38) and 74.0% treated with i.v. PHB (37 of 50) (P=0.111). The factor 
associated with seizure termination was the type of event (SE vs. ARS) in each group. Adverse effects 
were reported in 13.2% of patients treated with i.v. LEV (5 of 38; n=4, aggressive behavior and n=1, 
vomiting), and 28.0% of patients treated with i.v. PHB (14 of 50). 
Conclusion: Intravenous LEV was efficacious and safe in children with ARS or SE. Further evaluation is 
needed to determine the most effective and best-tolerated loading dose of i.v. LEV.
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Introduction

Status epilepticus (SE) and acute repetitive seizure (ARS) are the most common life-
threatening neurological emergencies, and have high morbidity and mortality. Acute 
management of seizure is important to prevent irreversible neuronal damage. The ideal 
antiepileptic drug for acute seizure control should act rapidly, be delivered easily by 
intravenous (i.v.) formulation, and have a sustained duration without adverse effect. Among 
the widely accepted recommendation of treatment of SE and ARS, benzodiazepines, 
including lorazepam and diazepam are the first-line therapy1-3). If first-line therapy fails to 
control the seizure, phenobarbital (PHB) and phenytoin are commonly used as the second-
line antiepileptic drug. However, the current treatment protocol in children is not evidence-
based and these antiepileptic drugs have well known adverse effects including respiratory 
suppression, hypotension, deep sedation, and multiple complications in various organs. 
Therefore, new antiepileptic drugs that can stop seizures without serious adverse effects are 
needed.

Corresponding author: Tae-Sung Ko, MD
Department of Pediatrics, Asan Medical Center 
Children’s Hospital, University of Ulsan College of 
Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 
05505, Korea
Tel: +82-2-3010-3390
Fax: +82-2-473-3725
E-mail: tsko@amc.seoul.kr

Received: 1 April, 2015
Revised: 6 July, 2015
Accepted: 15 July, 2015

Copyright © 2016 by The Korean Pediatric Society

This is an open-access article distributed under the 
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Korean J Pediatr

Original article
Korean J Pediatr 2016;59(1):3539
http://dx.doi.org/10.3345/kjp.2016.59.1.35
pISSN 1738-1061•eISSN 2092-7258

http://crossmark.crossref.org/dialog/?doi=10.3345/kjp.2016.59.1.35&domain=pdf&date_stamp=2016-01-20


http://dx.doi.org/10.3345/kjp.2016.59.1.35

Lee YJ, et al. • Intravenous levetiracetam versus phenobarbital in acute seizure management in children

36

Other antiepileptic drugs such as valproic acid, levetiracetam 
(LEV), and lacosamide have been introduced for the treatment 
of SE and ARS, but no randomized controlled trial has directly 
compared the efficacy of these antiepileptic drugs. Intravenous 
LEV has been suggested as an effective and safe treatment for 
acute seizure control in adult patients with SE or ARS4-7), and 
has recently been ap proved as an adjuvant antiepileptic drug 
in patients aged 16 years and older when oral therapy is not 
tolerated. LEV has a different mechanism to preexisting anti-
epileptic drugs. It binds to synaptic vesicle protein SV2A and 
modulates synaptic vesicle exocytosis and neurotransmitter 
release. It also has fewer severe adverse effects such as respiratory 
depression and hemodynamic instability8,9). Furthermore, neu-
roprotective effects have been reported in animal models10). 
Intravenous LEV has rapid onset, minimal plasma protein binding 
(<10%), 100% bioavailability, and low drug-drug interaction with 
linear pharmacokinetics. The pharmacokinetic profile is consistent 
with that of oral LEV in adults9). Because of these favorable 
characteristics, i.v. LEV is useful in situations that require rapid 
administration, including traumatic injury, neurosurgery, and 
when undergoing chemotherapy. Despite increased use of i.v. LEV, 
there was no controlled study to compare the efficacy of i.v. LEV 
and i.v. PHB in pediatric patients with SE or ARS. The purpose of 
this study was to compare the efficacy and tolerability of i.v. LEV 
and i.v. PHB in children with benzodiazepine-refractory SE or 
ARS.

Materials and methods

We retrospectively reviewed the medical records of children 
(aged 1 month to 15 years) who were treated with i.v. PHB or i.v. 
LEV for benzodiazepine-refractory SE or ARS at the Asan Medical 
Center, a single tertiary center in Korea. This study was approved 
by the Asan Medical Center’s Institutional Review Board. We 
identified patients treated with i.v. PHB between April 2008 and 
March 2010, and patients treated with i.v. LEV between April 
2010 and December 2013, after the introduction of i.v. LEV in our 
hospital. After the introduction of i.v. LEV at 2010, i.v. PHB and 
i.v. LEV were randomly given to the patients with ARS or SE. The 
loading dose of i.v. PHB was 10–20 mg/kg and that of i.v. LEV 
was 20–30 mg/kg. The loading dose of i.v. LEV was administered 
over 15 minutes and was followed by a maintenance dose of 10– 
15 mg/kg every 12 hours. Patients were excluded from analysis 
if they required immediate neurosurgery, or if they were alleged 
patients with refractory epilepsy who were treated with more 
than two antiepileptic drugs. SE was defined as continuous 
seizure activity for more than 5 minutes or recurrent seizures 
without recovery of consciousness within 30 minutes11). ARS was 
defined as seizures lasting less than 5 minutes within 30 minutes 

and occurring more than 2 times with recovery of consciousness 
between each seizure12). Termination of seizures was defined as 
clinical seizure cessation within 30 minutes of completion of the 
infusion without recurrence during the following 24 hours12).

We collected information by medical records including patients 
demographic data, the underlying neurologic disorder, seizure 
type, previous antiepileptic drug medication, provocation factors 
of SE or ARS. We also collected loading dose of each medication, 
success or failure of seizure termination and adverse events of the 
antiepileptic drugs. Seizure types and epilepsy syndromes were 
classified in accordance with the International League Against 
Epilepsy classification and revised concept and terminology of 
seizure and epilepsy13).

Efficacy was evaluated using seizure termination rate and 
tolerability was evaluated using acute adverse events after drug 
infusion. Efficacy and tolerability were compared between the 
two groups (i.v. PHB and i.v. LEV) using a Fisher exact test or 
Student t test. Baseline demographic and clinical categorical vari-
ables were compared between the 2 groups using Fisher exact 
test (categorical variables) or Student t test (continuous variables). 
PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for all statistical analysis. A P value of less than 0.05 was 

Table 1. Baseline characteristics of patients treated with intravenous 
phenobarbital and levetiracetam

Characteristic PHB (n=50) LEV (n=38) P value

Sex, female:male 15:35 16:22 0.239

Age (mo) 14.5 (1–167) 20 (2–173) 0.079

Seizure type 0.155

Generalized seizure 15 (30.0) 17 (45.7)

Focal seizure 35 (70.0) 21 (55.3)

Type of event 0.214

Status epilepticus 10 (20.0) 12 (31.6)

Acute repetitive seizure 40 (80.0) 26 (68.4)

Etiology 0.870

Structural 14 (28.9) 11 (28.9)

Genetic 2 (4.0) 1 (2.6)

Metabolic 3 (6.0) 1 (2.6)

Unknown 31 (62.0) 25 (65.8)

Previous AED medication 0.318

None 46 (92.0) 32 (84.2)

Monotherapy 4 (8.0) 6 (15.8)

Previous history of seizure 15 (30.0) 5 (13.2) 0.076

Provocation factor 19 (38.0) 13 (34.2) 0.714

Fever 13 (26.0) 13 (34.2) 0.403

Others 6 (12.0) 0 (0)

Death 1 (2.0) 0 (0) 1.000

Values are resented as median (range) or number (%).
PHB, phenobarbital; LEV, levetiracetam; AED, antiepileptic drug.  



37http://dx.doi.org/10.3345/kjp.2016.59.1.35

Korean J Pediatr 2016;59(1):35-39

considered statistically significant.

Results 

1. Patient characteristics 
A total of 88 patients were identified who had been treated 

with i.v. PHB or i.v. LEV for SE or ARS (Table 1). Fifty patients 

had received i.v. PHB and 38 patients had received i.v. LEV. The 
PHB group included 15 females and 35 males, with a median 
age of 14.5 months (range, 1 month to 13.9 years). The LEV 
group included 16 females and 22 males, with a median age of 
20 months (range, 2 months to 14.4 years). In both groups, the 
most common provocation factor of seizure was fever (n=26) 
followed by acute gastroenteritis (n=4), concussion (n=1), and 
hypoglycemia (n=1). We compared patient characteristics between 
the PHB group and the LEV group. Age, sex, seizure type, type of 
event, etiology, previous history of seizure, previous antiepileptic 
drug medication, presence or absence of the provocation factors, 
fever, and mortality were not significantly different between the 
two groups (Table 1) showing the even distribution of patients in 
each group.

2. Efficacy of i.v. PHB and i.v. LEV
In the PHB group, 37 of 50 patients (74%) experienced seizure 

termination (i.e., seizures were controlled by 30 minutes after 
i.v. infusion of the loading dose and did not recur within 24 
hours). In the LEV group, 22 of 38 patients (57.9%) experienced 
seizure termination. The overall seizure termination rate did 
not significantly differ between the two groups (P=0.111) (Fig. 
1). However, among patients treated for SE, seizure termination 
rate was much higher in the PHB group than in the LEV group. 
In the PHB group, all ten patients with SE (100%) experienced 
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Fig. 1. Seizure termination rate in patients with status epilepticus and 
acute repetitive seizure. SE, status epilepticus; ARS, acute repetitive sei-
zure; PHB, phenobarbital; LEV, levetiracetam.

Table 2. Baseline characteristics of patients who were responders and nonresponders to intravenous phenobarbital and levetiracetam

Characteristic
Phenobarbital Levetiracetam

Responder (n=37) Nonresponder (n=13) Total P value Responder (n=22) Nonresponder (n=16) Total P value

Etiology 0.067 0.627

Structural 7 (50.0) 7 (50.0) 14 7 (63.6) 4 (36.4) 11

Metabolic 2 (66.7) 1 (33.3)   3 1 (100) 0 (0)   1

Genetic 2 (100) 0 (0)   2 0 (0) 1 (100)   1

Unknown 26 (83.9) 5 (16.1) 31 14 (56.0) 11 (44.0) 25

Previous AED medication 0.275 0.169

None 35 (76.1) 11 (23.9) 46 17 (53.1) 15 (46.9) 32

Monotherapy 2 (50.0) 2 (50.0)   4 5 (83.3) 1 (16.7)   6

Seizure type 1.000 0.578

Focal 26 (74.3) 9 (25.7) 35 9 (52.9) 8 (47.1) 17

Generalized 11 (73.3) 4 (26.7) 15 13 (61.9) 8 (38.1) 21

Provocation factor 17 (89.5) 2 (10.5) 19 0.095 6 (46.2) 7 (53.8) 13 0.290

Fever 11 (84.6) 2 (15.4) 13 0.469 5 (38.5) 8 (61.5) 13 0.080

Sex, male:female 26:11 9:4 35:15 1.000 12:10 10:6 22:16 0.624

Age (mo) 16 (1–167) 5 (1–95) 0.220 20 (2–142) 20 (3–173) 0.973

Type of event 0.046 0.037

SE 10 (100) 0 (0) 10 4 (33.3) 8 (66.7) 12

ARS 27 (67.5) 13 (32.5) 40 18 (69.2) 8 (30.8) 26

Values are resented as number (%) or median (range).
AED, antiepileptic drug; SE, status epilepticus; ARS, acute repetitive seizure.
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the treatment of ARS in pediatric patients and did not result in 
any serious side effects. In recent years, the efficacy of i.v. LEV for 
SE has been shown in adult patients4-7). Eue et al.4) reported that 
refractory SE was controlled by i.v. LEV in 19 of 43 patients (44.2 
%) without adverse effect. In another study, i.v. LEV was effective 
in 57.5% of 40 adult patients as an add-on treatment for SE5). 
However, there are limited data on the efficacy of i.v. LEV for SE 
and ARS in children12,14-19). McTague et al.12) reported that i.v. LEV 
terminated seizures in 23 of 39 children (59%) with ARS, 3 of 4 
children (75%) with convulsive SE, and two children with non-
convulsive SE. Kim et al.17) reported a seizure termination rate of 
43% in 14 pediatric patients who received i.v. LEV for refractory 
SE. Isguder et al.18) reported a seizure termination rate of 78.2% 
in 133 children with ARS after i.v. LEV infusion. However, the 
retrospective design of these studies combined with the small 
number of patients, the variable definition of seizure termination, 
and the variable loading dose of i.v. LEV limits the conclusions 
that can be drawn regarding the efficacy of i.v. LEV for ARS or 
SE in children.

Thus, we tried to compare the efficacy of LEV in ARS or SE 
to that of PHB, which was used as the standardized second line 
therapy in ARS or SE. A recent meta-analysis in adults with 
benzodiazepine-refractory SE evaluated the efficacy of five 
antiepileptic drug (phenytoin, phenobaribtal, valproic acid, LEV, 
and lacosamide)20) and shows a similar efficacy of LEV (mean 
efficacy of 69%) compared to that of PHB (mean efficacy of 74%) 
and a low risk of side effects in LEV treated group. Similar to 
the meta-analysis, we suggest that i.v. LEV can be an alternative 
treatment of i.v. PHB in children with ARS or SE.

We also compared patient characteristics between responders 
and nonresponders to i.v. LEV and i.v. PHB. Except for the type 
of event (SE vs. ARS), no variables were significantly different 
between responders and nonresponders in each group. This 
includes etiology, previously used antiepileptic drugs, age, seizure 
subtype, fever, and presence of provocation factors. 

Previous studies have reported inconsistent results about 
predictors of efficacy of i.v. LEV5,7,16,18). Reiter et al.16) reported that 
the mean number of concomitant antiepileptic drugs pre dicted the 
effect of i.v. LEV in pediatric patients with acute seizure and did 
not find any significant effects of age, sex, or seizure classification 
(single seizure, serial seizure, SE) on seizure termination. Aigu-
abella et al.5) also suggested that the number of previously used 
antiepileptic drugs was related to the efficacy of i.v. LEV. By con-
trast, Isguder et al.18) detected no effect of the number of previously 
used antiepileptic drugs on the efficacy of i.v. LEV, but suggested 
that younger age at seizure onset, neurological abnormalities, 
and West syndrome had a negative influence on response to i.v. 
LEV in children with ARS. We did not find a relation between the 
number of previously used antiepileptic drugs and the efficacy of 
i.v. LEV. However, different inclusion and exclusion criteria and 

seizure termination. By contrast, in the LEV group, only 4 of 12 
patients (33.3%) with SE experienced seizure termination (P= 
0.002). Seizure termination rate in patients with ARS was not 
significantly different between the two groups (P=0.883). 

3. Comparison of responders and nonresponders in each group
Baseline characteristics were compared between responders and 

nonresponders to i.v. LEV and i.v. PHB, respectively (Table 2). In 
both groups, age, sex, seizure type, etiology, previous antiepileptic 
drug medication, presence of provocation factors were not sig-
nificantly different between responders and nonresponders. 
The type of event (SE vs. ARS) did significantly differ between 
responders and nonresponders in both the LEV group and the 
PHB group. Efficacy of i.v. LEV was much higher in patients with 
ARS than in patients with SE (seizure termination rate: 69.2% 
[18 of 26] vs. 33.3% [4 of 12], P=0.037), while that of i.v. PHB 
was much higher in patients with SE than in patients with ARS 
(seizure termination rate: 67.5% [27 of 40] vs. 100% [10 of 10], 
P=0.046).

4. Tolerability of i.v. PHB and i.v. LEV
Adverse events were observed in 14 of 50 patients (28%) in 

the PHB group and 5 of 38 patients (13.2%) in the LEV group. 
The overall occurrence of adverse events was not significantly 
different between the 2 groups (P=0.094) (Table 3). Three pa-
tients discontinued PHB due to rash (n=1) or behavior change 
(n=2). Three patients discontinued LEV because of irritability or 
recurrent vomiting, but no patient experienced deep sedation or 
rash after i.v. LEV infusion. No patients in either group presented 
severe adverse events such as hypotension, cardiac arrhythmia, 
respiratory depression, or death.

Discussion

Our results show that i.v. LEV was as effective as i.v. PHB for 

Table 3. Tolerability of intravenous phenobarbital and levetiracetam

Adverse event PHB LEV P value

Hypotension 0 0

Cardiac arrhythmia 0 0

Lethargy 8 0

Vomiting 0 1

Dizziness 1 0

Respiratory depression 0 0

Irritability and behavior change 3 4

Rash 2 0

Local irritation at injection site 0 0

Total 14/50 (28.0) 5/38 (13.2) 0.094

PHB, phenobarbital; LEV, levetiracetam.
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the small number of patients may explain these discrepancies. 
In this study, patients treated with i.v. LEV had fewer adverse 

events than patients treated with i.v. PHB (13.2% vs. 28.0%), 
although there was no significant difference between the 2 groups. 
The major adverse event in the i.v. PHB group was lethargy, and 
this was not observed in the i.v. LEV group. Only mild adverse 
events such as irritability and vomiting were observed in the i.v. 
LEV group, which is consistent with previous reports8,9,12,16,21). This 
reduced sedative effect of i.v. LEV can be useful in patients with 
SE or encephalitis to allow their mental status to be checked or to 
shorten the duration of hospitalization.

There are limitations such as the retrospective design of our 
study. Moreover, we could not define nonconvulsive SE or elec-
trographic seizure due to a lack of 24-hour electroence phalogra-
phy monitoring after termination of clinical seizures. Despite these 
limitations, this is the first study to compare i.v. LEV and i.v. PHB 
in children with SE and ARS, and our results show the efficacy of 
i.v. LEV for acute seizure control.

Intravenous LEV can be used as an alternative antiepileptic 
drug to i.v. PHB without severe adverse effects in the acute treat-
ment of ARS. Larger prospective studies are needed to further 
evaluate the efficacy of i.v. LEV in children with SE, and the 
pharmacokinetics and loading dose adjustment should be studied 
to identify the optimal protocol for i.v. LEV delivery. 

Conflict of interest

No potential conflict of interest relevant to this article was 
reported.

Acknowledgments

This research was supported by a grant (14172MFDS178) from 
Ministry of Food and Drug Safety in 2014.

References

 1. Silbergleit R; National Institutes of Health/National Institute 
of Neurological Diseases and Stroke Neurological Emergencies 
Treatment Trials Investigators. Response to Food and Drug Admi-
nistration draft guidance statement on research into the treatment 
of life-threatening emergency conditions using exception from 
informed consent: testimony of the neurological emergencies 
treatment trials. Acad Emerg Med 2007;14:e63-8.

 2. Treiman DM, Meyers PD, Walton NY, Collins JF, Colling C, Rowan 
AJ, et al. A comparison of four treatments for generalized con-
vulsive status epilepticus. Veterans Affairs Status Epilepticus Co-
operative Study Group. N Engl J Med 1998;339:792-8.

 3. Appleton R, Sweeney A, Choonara I, Robson J, Molyneux E. 

Lorazepam versus diazepam in the acute treatment of epileptic sei-
zures and status epilepticus. Dev Med Child Neurol 1995;37:682-8.

 4. Eue S, Grumbt M, Muller M, Schulze A. Two years of experience in 
the treatment of status epilepticus with intravenous levetiracetam. 
Epilepsy Behav 2009;15:467-9.

 5. Aiguabella M, Falip M, Villanueva V, de la Pena P, Molins A, 
Garcia-Morales I, et al. Efficacy of intravenous levetiracetam as an 
add-on treatment in status epilepticus: a multicentric observational 
study. Seizure 2011;20:60-4.

 6. Berning S, Boesebeck F, van Baalen A, Kellinghaus C. Intravenous 
levetiracetam as treatment for status epilepticus. J Neurol 2009; 
256:1634-42.

 7. Moddel G, Bunten S, Dobis C, Kovac S, Dogan M, Fischera M, et 
al. Intravenous levetiracetam: a new treatment alternative for 
refractory status epilepticus. J Neurol Neurosurg Psychiatry 2009; 
80:689-92.

 8. Patsalos PN. Clinical pharmacokinetics of levetiracetam. Clin 
Pharmacokinet 2004;43:707-24.

 9. Ramael S, Daoust A, Otoul C, Toublanc N, Troenaru M, Lu ZS, et 
al. Levetiracetam intravenous infusion: a randomized, placebo-
controlled safety and pharmacokinetic study. Epilepsia 2006; 
47:1128-35.

 10. Gibbs JE, Walker MC, Cock HR. Levetiracetam: antiepileptic pro-
perties and protective effects on mitochondrial dysfunction in 
experimental status epilepticus. Epilepsia 2006;47:469-78.

11.  Lowenstein DH, Bleck T, Macdonald RL. It's time to revise the 
definition of status epilepticus. Epilepsia 1999;40:120-2.

12. McTague A, Kneen R, Kumar R, Spinty S, Appleton R. Intravenous 
levetiracetam in acute repetitive seizures and status epilepticus 
in children: experience from a children's hospital. Seizure 2012; 
21:529-34.

13. Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde 
Boas W, et al. Revised terminology and concepts for organization 
of seizures and epilepsies: report of the ILAE Commission on 
Classification and Terminology, 2005-2009. Epilepsia 2010;51: 
676-85.

14. Goraya JS, Khurana DS, Valencia I, Melvin JJ, Cruz M, Legido A, 
et al. Intravenous levetiracetam in children with epilepsy. Pediatr 
Neurol 2008;38:177-80.

15. Kirmani BF, Crisp ED, Kayani S, Rajab H. Role of intravenous leve-
tiracetam in acute seizure management of children. Pediatr Neurol 
2009;41:37-9.

16. Reiter PD, Huff AD, Knupp KG, Valuck RJ. Intravenous leveti-
racetam in the management of acute seizures in children. Pediatr 
Neurol 2010;43:117-21.

17. Kim JS, Lee JH, Ryu HW, Lim BC, Hwang H, Chae JH, et al. Effec-
tiveness of intravenous levetiracetam as an adjunctive treatment 
in pediatric refractory status epilepticus. Pediatr Emerg Care 2014; 
30:525-8.

18. Isguder R, Guzel O, Agın H, Yılmaz U, Akarcan SE, Celik T, et al. 
Efficacy and safety of IV levetiracetam in children with acute 
repetitive seizures. Pediatr Neurol 2014;51:688-95.

19. Abend NS, Monk HM, Licht DJ, Dlugos DJ. Intravenous leve-
tiracetam in critically ill children with status epilepticus or acute 
repetitive seizures. Pediatr Crit Care Med 2009;10:505-10.

20. Yasiry Z, Shorvon SD. The relative effectiveness of five antiepilep-
tic drugs in treatment of benzodiazepine-resistant convulsive 
status epilepticus: a meta-analysis of published studies. Seizure 
2014;23:167-74.

21.  Ng YT, Hastriter EV, Cardenas JF, Khoury EM, Chapman KE. In-
travenous levetiracetam in children with seizures: a prospective 
safety study. J Child Neurol 2010;25:551-5.


