
EXPERIMENTAL AND THERAPEUTIC MEDICINE  14:  2015-2020,  2017

Abstract. Febrile seizure is the most common neurologic disorder 
in infants and children. This study aimed to elaborate safe and 
effective therapy for preventing FS recurrence by levetiracetam 
(LEV). A prospective study was performed in two groups of 
children, the no treatment group (n=51, 24.1±9.0 months) 
and the LEV treatment group (n=45, 23.3±8.9 months). The 
findings demonstrated that a significant difference (P<0.01) 
was observed between the no treatment group 51.0% (26/51) 
and LEV treatment group 15.5% (7/45) in terms of FS recur-
rence after 50 weeks. FS recurrence/fever episode was 12.4% 
(12/97) in the LEV treatment group and 51.8% (57/110) in the 
no treatment group. Furthermore, LEV administration signifi-
cantly improved (P<0.001) epileptiform + nonspecific EEG 
abnormalities (17.8%; 8/45), as compared with the no treatment 
group (68.6%; 35/51). In conclusion, LEV could function as an 
effective therapeutic agent for the prevention of FS recurrence 
and reducing the frequency of fever episodes. Furthermore, 
LEV administration significantly improved nonspecific EEG 
abnormalities, which may be used as a clinical monitoring index 
for LEV treatment in patients with FS.

Introduction

Febrile seizure (FS) is induced by fever and is the most common 
form of childhood seizure, affecting 2-5% of children aged six 
months to five years worldwide (1). FS is age‑dependent and 
is uncommon before 6 months and after 5 years of age (2). 
The overall rate of recurrence after the first episode is 30‑37%, 
however, this value may be ~50% in children aged <1 year 

old (3). Emerging evidence suggests that prolonged or recurrent 
FS increases the risk of cortex neuron apoptosis (4), hippo-
campal injury (5) and poor cognitive outcomes (6). In clinical 
trials, avoiding brain injury is important for the prevention of 
FS recurrence (7,8). Therefore, improved prevention and treat-
ment approaches are required for FS clinical trials.

Treatment trials for FS suggest that there are no obvious 
differences between intense routine use and intermittent use 
of the antipyretic agents in reducing the incidence of FS recur-
rence (9). Furthermore, antipyretic agents are ineffective for 
the prevention of FS recurrence and for the lowering of body 
temperature in patients with a febrile episode that leads to 
recurrent FS (10). At present, the medication guidelines do not 
recommend the use of continuous or intermittent therapy with 
neuroleptics, such as benzodiazepines, after a simple febrile 
seizure (11,12). In previous studies, antiepileptic drugs (AEDs), 
such as phenobarbital and valproic acid, are considered effec-
tive at protecting against the recurrence of FS; however, 
long-term treatment with these drugs may be associated with 
a wide spectrum of adverse effects, including behavioral 
disturbances, irritability, hyperactivity and decreased cogni-
tive function (13,14). Intermittent therapy with oral diazepam 
also results in a reduced risk of recurrent FS, although the 
effectiveness is limited (15).

Levetiracetam (LEV) is a novel AED that is reported to 
have far less potential side effects in the treatment of brain 
injury (16). Evidence has shown that LEV can effectively 
prevent FS recurrence (17). A previous systematic review 
and meta-analysis suggested that LEV is associated with a 
lower adverse drug reaction rate and appears to have a similar 
efficacy to phenytoin for seizure prophylaxis (18). However, 
further investigation into the safety and efficacy of LEV in 
FS is required. This single blind, randomized prospective trial 
aimed to evaluate the effectiveness of LEV in preventing FS 
recurrence.

Materials and methods

Patients and study design. The study group included 96 chil-
dren (23.7±8.9 months) diagnosed with FS between July 2010 
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and May 2015 in the Department of Pediatrics at Maternal 
and Child Care Center of Qinhuangdao (Qinhuangdao, 
China). This prospective study was performed in two groups 
of children: 51 children (27 male and 24 female) in the no 
treatment group and 45 children (24 male and 21 female) in 
the LEV treatment group. A statistician randomly assigned 
each child to either the no treatment group or LEV treat-
ment group, and the clinicians who followed-up these 
children did not know their randomization. FS was defined 
as a seizure associated with a body temperature of ≥38˚C 
in the absence of central nervous system infection. Criteria 
for inclusion were as follows: Children with a history of two 
or more episodes of FS within the last 3 months, at least 
one seizure recurrence within the last 2 weeks, and onset 
age between 6 months and 5 years. The study was approved 
by the regional Ethics Committee of Maternal and Child 
Care Center of Qinhuangdao. Written informed consent 
was obtained from the parents of the children. As shown 
in Fig. 1, patients in the LEV treatment group received oral 
LEV (UCB, Brussels, Belgium) at a dose of 15-30 mg/kg 
twice daily at the onset of fever (38˚C) for 1 week (therapy 
period), followed by a dose increase or decrease every 2 days 
until complete withdrawal at the beginning of the second 
week (observation period). LEV was effective in all children 
after the first dose. FS recurrence and fever episodes were 
measured during the 48-week period following the LEV 
administration period of 2 weeks, and body temperature was 
observed at home.

All children with FS were hospitalized, and electroen-
cephalograms (EEGs) were performed 1 to 2 days later, after 
patients became afebrile; depending on individual circum-
stances, some patients underwent EEGs after discharge. The 
sensitivity was set at 10 µV/mm with low‑frequency filter of 
0.5 Hz, high‑frequency filter of 60 Hz. Subsequent EEGs were 
performed at weeks 20 and 50. Each EEG was interpreted 
independently by two pediatric neurologists. EEG findings 
were classified as normal, epileptiform, or nonspecific with 
regard to abnormalities.

Statistical analysis. Groups were compared statistically using 
the Chi-square test. All statistical analyses were performed 
using SPSS v12.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical characteristics of the patients. Clinical characteris-
tics of the children are shown in Table I. A total of 96 children 
(51 males and 45 females) met the inclusion criteria and were 
classified into two groups: No treatment group (n=51) and 
LEV group (n=45). The 27 males and 24 females in the no 
treatment group did not receive LEV administration in the 
primary analysis, whereas the 24 males and 21 females in the 
LEV group received oral LEV (10-30 mg/kg twice daily) in 
the initial treatment period. No differences were observed in 
terms of age, sex, family history, prolonged duration of FS, or 
body temperature in the two groups before LEV administra-
tion (Table I). Among the subjects, 11.5% (11/96) were patients 
with complex FS, and 88.5% (85/96) were patients with simple 
FS (Table II).

LEV reduces the risk of FS recurrence. In this study, multiple 
recurrences were associated with early administration. 
Recurrences of FS were recorded during the 48-week period 
following LEV administration. In the LEV treatment group, 
2.2% (1/45) of second attacks occurred during the 10 weeks 
after the initial week, 6.7% (3/45) within 20 weeks, 8.9% (4/45) 
within 30 weeks, 11.1% (5/45) within 40 weeks and 15.5% 
(7/45) within 50 weeks. In addition, 9.8% (5/51) of recurrences 
occurred during the 10 weeks after the initial week in the no 
treatment group, 17.6% (9/51) within 20 weeks, 27.4% (14/51) 
within 30 weeks, 39.2% (20/51) within 40 weeks and 51.0% 
(26/51) within 50 weeks (Fig. 2A; Table I). In the LEV treatment 
group, 45 children experienced 97 febrile episodes. Among 
these 45 children, 7 children experienced 12 recurrences of FS. 
In the no treatment group, 51 children experienced 110 febrile 
episodes. Among these 51 children, 26 children experienced 
57 recurrences of FS during the 48-week period following 
LEV administration (Fig. 2A and B). As shown in Fig. 2B, 
the FS recurrence/fever episode was 12.4% (12/97) in the 
LEV treatment group and 51.8% (57/110) in the no treatment 
group. Furthermore, the body temperatures of patients in the 
no treatment group (n=51) and LEV treatment group (n=45) 
were divided into four degrees: 37.0-37.9, 38.0-38.9, 39.0-39.9, 
and ≥40˚C. There was a significant difference between the 
two groups (P=0.017; Table III). These results suggest that 
oral LEV is an effective therapeutic method of reducing FS 
recurrence.

EEG analysis. EEGs were performed 1-2 days after treat-
ment when all of the children with FS were hospitalized and 
became afebrile. EEG findings were classified as normal, 
epileptiform, or nonspecific with regard to abnormalities. As 
shown in Fig. 3A, EEG abnormalities (focal slow waves) were 
detected at week 0 prior to the start of LEV administration. 
These EEG abnormalities were improved after LEV treat-
ment in the LEV group at weeks 20 and 50 (Fig. 3B and C, 
respectively). In the LEV treatment group, EEG abnormalities 
were found in 8 children (17.8%), including 2 children (4.4%) 
with epileptiform abnormalities and 6 children (13.4%) with 
nonspecific abnormalities (6/45). In the no treatment group, 
EEG abnormalities were detected in 35 children (68.6%), 

Figure 1. Study medication. Patients with FS in the LEV treatment group 
received oral LEV at a dose of 15-30 mg/kg twice daily at the onset of fever 
(≥38˚) for 1 week (therapy period), followed by a dose increase or decrease 
every 2 days until complete withdrawal at the beginning of the second week 
(observation period). LEV was effective in all children after the first dose. 
LEV, levetiracetam; FS, febrile seizure.
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including 8 children (15.7%) with epileptiform abnormalities 
and 27 children (52.9%) with nonspecific abnormalities. These 
results demonstrated that FS patients treated with LEV exhib-
ited significantly improved (P<0.001) EEG abnormalities, as 
compared with the no treatment group at week 50 (Table IV). 
Furthermore, clinical characteristics, including age, family 
history of FS and duration of seizure, in the normal and 
abnormal EEG groups with FS are shown in Table V. Our find-
ings indicated that age and duration of seizure had no apparent 
association with abnormal EEG findings. However, family 
history of FS was demonstrated to be significantly associated 
with abnormal EEGs (P=0.009).

Discussion

FS is benign in children and is typically associated with a 
good prognosis. In most instances, FS is closely related to 
upper respiratory tract infections, and the majority of chil-
dren recover without complications within a few days (19). 
However, prolonged or recurrent FS has been shown to 
increase the risk for developing subsequent temporal lobe 
epilepsy in adults (5). More importantly, recurrent FS 
may result in brain structure damage, particularly in the 

hippocampus (5,20). The present findings demonstrated that 
~51% of the children had undergone FS recurrences within 
12 months from their first FS. These findings correlate with 
the data collected in previous reports (17,21,22). In our study, 
it was demonstrated that intermittent oral LEV effectively 

Table I. Clinical profiles of the patients.

 No treatment LEV
Characteristics (n=51)  (n=45) P-value 

Age at FS onset (months)a 24.6 (7-63) 27.1 (8-60) 0.137 
Male/female  27/24 24/21 >0.99 
Family history of seizuresb  24 (47.0) 18 (40.0) 0.487 
Prolonged duration of FS ≥15 minb  4 (7.8) 2 (4.4) 0.792 
Body temperature (˚C) at onset admissiona 38.2 (37.1-40.3) 38.7 (37.0-41.2) 0.843 
Interval between the onset of fever and seizure (h)a 9.7 (0.0-48.3) 10.3 (0.0-51.7) >0.99 
Multiple FSs before admissionb  5 (9.8) 6 (13.3) 0.588
Use of LEV treatment before admissionb  10 (19.6) 8 (17.8) 0.819
Recurrence of FS after with or without LEV treatmentb 26 (51.0) 7 (16.0) <0.001

Data are presented as the amedian (range) or bnumber (%). FS, febrile seizure; LEV, levetiracetam.

Table II. Distribution of simple FS and complex FS.

 Patients
 ----------------------------------------
Type of FS No treatment LEV

Simple FS 46 39
Complex FS   5   6
Prolonged duration (≥15 min)   4   2
Recurrent seizures within the same   1   1
febrile illness over a 24-h period
Focal onset   0   3

FS, febrile seizure; LEV, levetiracetam.

Figure 2. LEV reduces the risk of FS recurrence. (A) Cumulative incidence of 
recurrent FS in the no treatment group and the LEV treatment group during 
the experimental period. (B) FS recurrence or free frequency/fever episode in 
the no treatment group and the LEV treatment group during the experimental 
period. LEV, levetiracetam; FS, febrile seizure.
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prevented FS recurrence in the LEV group (15.6%; 7/45) as 
compared with the control group (51.0%; 26/51). No adverse 
effects occurred in the patients. These findings suggest that 

intermittent LEV therapy is safe for FS patients as a clinical 
therapy.

In the past two decades, many studies have investigated 
the prevention of FS (14,21,23-25), however, few of these 
studies have evaluated the therapeutic effect of oral LEV. In 
several animal models, LEV has been shown to be a highly 
effective antiepileptic drug against partial and generalized 
seizures (26,27). A randomized clinical trial by Hu et al (17) 
demonstrated a significant reduction in FS recurrence 
with intermittent oral LEV. In the chronic phase of acute 
encephalitis with refractory, repetitive partial seizures, 
administration of LEV (750-1,500 mg/kg) has been shown 
to reduce seizure frequency by >75% for 5 to 18 months (28). 
However, detailed information, particularly suitable LEV 
dosages, is lacking in the clinic treatment of FS. We initially 
planned to perform a randomized controlled trial to elucidate 
the possible treatment options of LEV in patients with FS. In 
this study, the range of LEV dosage was set at 15-30 mg/kg 

Figure 3. LEV administration improves EEG abnormalities. EEGs were 
performed at (A) 1-2 days (week 0) after patients became afebrile and at 
(B) week 20 and (C) week 50 after levetiracetam administration in patients 
with febrile seizure. EEG, electroencephalogram.

Table IV. Electroencephalographic characteristics of patients 
with or without LEV treatment were collected at week 50.

EEG characteristics,  No treatment  LEV
N (%) (n=51)   (n=45)  P-value 

Normal  16 (31.4) 37 (82.2) <0.001
Epileptiform abnormalities 8 (15.7) 2 (4.4) 0.143
Nonspecific abnormalities 27 (52.9) 6 (13.4) <0.001
  Generalized slow waves 15 (29.4) 3 (6.7) 
  Focal slow waves 2 (3.9) 1 (2.2) 
  Generalized spike 1 (2.0) 2 (4.4)
  and waves
  Abnormal theta rhythms  6 (11.8) 0 (0.0) 
  Asymmetric background  3 (5.9) 0 (0.0) 
Epileptiform + Nonspecific  35 (68.6%) 8 (17.8%) <0.001
abnormalities

FS, febrile seizure; LEV, levetiracetam.

Table V. Clinical variables associated with abnormal EEG.

 Normal  Abnormal 
Variable EEG EEG P-value

Age (months)   0.362
  <24 13 20 
  ≥24 19 44 
Family history of FS   0.009
  Yes   5 27 
  No 27 37 
Duration of seizure (min)   
  <15 31 59 0.655
  ≥15   1   5

FS, febrile seizure; EEG, electroencephalography.

Table III. Episodes of fever in patients with or without LEV 
treatment.

Temperature
(˚C) No treatment LEV χ2 P-value

37.0-37.9   9 22 2.157 0.017
38.0-38.9 23 13
39.0-39.9 17   7
≥40.0   2   3

LEV, levetiracetam.
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or a higher concentration when taken twice daily. The use of 
antipyretic medication, LEV, may reduce the frequency of 
fever and FS recurrence.

Previous studies have suggested that the incidence of 
EEG abnormalities in children with FS changes from 2 to 
86% in different populations (19,29). In general, an EEG 
is not recommended in the routine evaluation of children 
with FS; however, EEG is often performed by clinicians to 
evaluate FS, since complex FS is associated with increased 
risk of development of subsequent epilepsy (19). These find-
ings suggest that the variability of EEGs diagnosis may be 
due to different courses in FS. Notably, one study proposed 
that EEG should be considered in all patients with complex 
FS, particularly those who had multiple or prolonged 
seizures (30). In our study, we found that LEV administra-
tion significantly improved (P<0.001) EEG abnormalities 
17.8% (8/45) as compared with the no treatment group 68.6% 
(35/51). Jeong et al (19) indicated that 31% (41/131) of children 
with FS have EEG abnormalities, and that multiple seizures 
within 24 h are associated with abnormal EEGs. In the present 
study, whether clinical variables are associated with abnormal 
EEGs in children with FS were also investigated. The find-
ings demonstrated that age and duration of seizure had no 
apparent association with abnormal EEGs. However, family 
history of FS was shown to be significantly associated with 
abnormal EEGs. In a previous study of 676 children with FS, 
focal seizures and seizures lasting >15 min were associated 
with abnormal EEG findings (31). Therefore, the outcome 
may be depend partly on the number of patients.

In conclusion, the present findings demonstrated that 
oral LEV was effective in preventing FS recurrence and 
the frequency of fever; therefore, we propose the use of 
oral LEV as a preventive therapy for FS. Furthermore, our 
findings suggested that LEV administration significantly 
improved (P<0.001) EEG abnormalities, which may be used 
as a clinical monitoring index for LEV treatment in patients 
with FS.
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