
Epilepsy & Behavior 112 (2020) 107472

Contents lists available at ScienceDirect

Epilepsy & Behavior

j ourna l homepage: www.e lsev ie r .com/ locate /yebeh
Behavioral alterations associatedwith levetiracetam in pediatric epilepsy
Camila Cortes a,b, Carla Manterola a,c,⁎
a Facultad de Medicina Universidad de Chile, Hospital Dr. Luis Calvo Mackenna, Chile
b Servicio Pediatría. Hospital de Carabineros, Chile
c Servicio de Neuropediatría, Departamento de Pediatría, Clínica Alemana de Santiago, Facultad de Medicina Clinica Alemana, Universidad del Desarrollo, Santiago, Chile
⁎ Corresponding author at: Antonio Varas 360, Provide
E-mail addresses: carlamanterolam@gmail.com, cman

https://doi.org/10.1016/j.yebeh.2020.107472
1525-5050/© 2020 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 17 July 2020
Revised 4 September 2020
Accepted 6 September 2020
Available online 25 September 2020
Levetiracetam (LEV) has an improved pharmacological profile and is one of themost commonly used antiepilep-
tic drugs (AEDs). However, associations between this pharmacological profile and behavioral side effects have
been extensively reported in pediatric populations. We assessed behavioral changes after initiation of LEV, pre-
scribed by the treating neurologist, in Chilean patients with epilepsy aged 4–15 years. A behavioral questionnaire
was applied at baseline and at two, four, and twelveweeks of treatment. Thirty patients were enrolled: 16males,
14 females, average age 8 years (range: 4–14). By week four, 23.3% of patients showed significant behavioral al-
terations that persisted throughout the observation period. No significant alterations emerged after fourweeks in
the remaining patients. Family history of psychiatric disease and prior behavioral difficulties were predisposing
factors for adverse behavioral effects.
Although previous studies associated adverse behavioral effects with LEV in pediatric patients with epilepsy, we
believe that this is the first study to use a prospective methodology and standardized tools to quantify the symp-
tomatology. Adverse behavioral effects may significantly affect quality of life for patients and families,
diminishing the tolerability of treatment. To ensure successful therapy and improve medical decision-making,
it is essential to consider predisposing factors for drug-related adverse effects and to regularly assess for behav-
ioral alterations during treatment.

© 2020 Elsevier Inc. All rights reserved.
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1. Introduction

Levetiracetam (LEV) is a new-generation antiepileptic drug (AED),
approved for adults since 2000 and pediatric patients since 2005 [1].
The drug has an improved pharmacological profile compared with
others AED, a wide spectrum of action, high bioavailability, broad ther-
apeutic concentration levels, few pharmacological interactions, linear
kinetics, minimal hepatic metabolism, low protein binding, and revers-
ible adverse effects [2]. Levetiracetam is commonly used as monother-
apy in pediatric patients with focal or generalized epilepsy [3]. Over
the past decade, the frequency of LEV prescriptions has increased signif-
icantly, making the drug one of the most commonly prescribed AED
today [4,5]. Although adverse behavioral effects of LEV have been exten-
sively reported, these issues are usually considered minimal and man-
ageable. In addition to adverse behavioral effects of AED, epilepsy
itself is highly comorbidwith psychological symptoms in pediatric pop-
ulation [5,6]. Behavioral and cognitive symptomatology may signifi-
cantly impact quality of life and decrease AED tolerability in children
with epilepsy [7]. These adverse effects must be taken into account in
treatment decision-making.
ncia, Santiago, Chile.
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Several second- and third-generationAEDshavebecomeavailable over
the past decades, offering a wider repertoire for pharmacologic epilepsy
treatment. Newer drugs have similar seizure-control rates but safer pro-
files [8]. In 2016, an International League Against Epilepsy (ILAE) task
forcedevelopedAED recommendations for pediatric patients that included
a discussion of adverse cognitive and behavioral effects. The ILAE report
noted that LEVmayproduce positive effects in cognitive areas but negative
behavioral outcomes [9]. In a key study, Chen et al. retrospectively assessed
nearly 1000 pediatric patients with epilepsy, treated with different AEDs,
for adverse psychiatric effects. The authors found that 14% of patients
had adverse cognitive or behavioral effects, triggering a reduced dosage
in 11% and suspension of the AED in 5% of patients [9]. Of all AED studied,
LEV showed the highest rate of adverse psychiatric effects, with a reported
range of 4–88% [10,11]. Some of the adverse behavioral effects that have
beendescribed include irritability, aggressivity, hostility, emotional lability,
abnormal conduct, hyperactivity, mood disorder, fatigue, somnolence, and
suicide attempts [12–18]. The physiopathological mechanism underlying
adverse behavioral effects related to LEV is not fully understood. Some
findings suggest that there is a relationship between negative modulation
of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors
(AMPARs) and reduced serotine levels [19]. Predisposing factors associ-
ated with higher rates of adverse psychiatric effects include AED dosage,
age younger than four years, previous psychiatric disease, generalized
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Table 1
Demographic and clinical characteristics (total = 30).

Characteristic n %

Age, mean (range) 8.03 (4–14) years
Sex
Male 16 53.3
Female 14 46.7

Normal psychomotor development 20 66.7
Psychiatric comorbidity 3 10
Nonpsychiatric comorbidity 19 63.3
History of behavioral difficulties at home 8 26.7
History of behavioral difficulties at school 3 10
Family history of psychiatric disease 12 40
Type of epilepsy
Focal 15 50
Generalized 15 50

Pretreatment EEG findings
Normal 9 30
Abnormal 21 70

Interictal epileptiform activity 19 63.3
Slow background activity 2 6.7

Concomitant AEDs 6 20
Daily LEV dosage, mean (range) 32 (20–66) mg/kg/day

EEG: electroencephalography, AED: antiepileptic drug, LVT: levetiracetam.
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epilepsy, and frontal lobe epilepsy [8,16,17,20]. Understanding themecha-
nisms underlying LEV-related behavioral effects, a better characterization
of adverse behavioral effects, and an increased knowledge of predisposing
factors will lead to improved decision-making regarding LEV prescription
and reduced rates of adverse effects.

The Strengths and Difficulties Questionnaire (SDQ) is a brief instru-
ment that evaluates conduct in pediatric patients. The tool is based on
the Diagnostic and Statistical Manual of Mental Disorders IV symptom-
atology and assesses the behavior, emotions, and interpersonal relation-
ships of children and adolescents. The measure consists of a series of
indicators that represent strengths and difficulties, classified into five
domains: conduct problems, emotional symptoms, hyperactivity, diffi-
culties in relationships with peers, and prosocial conduct. Each domain
consists of three to five questions, rated on a three-point Likert scale
with the following statements: “Not true,” “true”, and “absolutely
true” [21]. The instrument may be completed by the caregiver or pa-
tient, and the application time is approximately 5 min. The SDQ has
been translated into Spanish (SQD-cas) and validated for the Chilean
population [21]. The total and domain scores have cutoff points for out-
comes characterizing behavior as “normal” or “abnormal.” This instru-
ment has been found to be reliable and internally consistent, with a
Cronbach's alpha of 0.80 [22]. Furthermore, its low cost and ease of ap-
plication make this instrument useful for screening behavioral and
emotional symptomatology in pediatric populations.

Studies of adverse behavioral effects related to the use of AED in pe-
diatric populations are limited as compared with research on adult pa-
tients. A better understanding of how LEV might be related to adverse
psychiatric effects that seriously affect patient and family quality of
life is essential for improving decision-making aroundAEDprescription.
Adverse psychiatric effects must be evaluated with standardized instru-
ments that assess specific areas of symptomatology, and predisposing
factors for these side effects should be identified. Our study aimed to
evaluate changes in behavior after initiation of LEV treatment, using
the SDQ-cas in Chilean patients with epilepsy aged 4–15 years. Fre-
quency, characterization, and associated factors of adverse behavioral
effects will be analyzed.

2. Materials and methods

2.1. Participants

A convenience sample was selected from ambulatory and hospital-
ized patients evaluated by the Pediatric Neurology Department at Dr.
Luis Calvo Mackenna Hospital in Santiago, Chile between 2017 and
2018. Dr. Luis Calvo Mackenna Hospital is a tertiary institution that
cares for patients from an extensive area of the city. Patients aged
4–15 years old with a diagnosis of epilepsy who were prescribed LEV
by their treating physician were selected. Levetiracetam may be used
asmono- or polytherapy. Patients with any of the following characteris-
tics were excluded: a) initiation of another AED within 4 months of
study entry, b) history of adverse behavioral effects with another AED,
and c) caregivers incapable of responding to the questionnaire. If thepa-
tient reported adverse behavioral effects, he/shewas referred for evalu-
ation by the treating pediatric neurologist. All patients provided assent
for participation, and written consent was provided by caregivers.

2.2. Measures

Demographic, medical, and diagnostic information was obtained
from anamnesis, clinical evaluation, and medical charts. Data included
age, sex, clinical evaluations of psychomotor development or cognitive
capacity, personal and family history of psychiatric disease,
nonpsychiatric comorbidities, behavioral difficulties, type of epilepsy,
electroencephalographic studies, use of other AEDs, and LEV dosage.
The SDQ-cas was given to caregivers immediately prior to initiating
LEV and after 2, 4, and 12 weeks of treatment. The questionnaire was
2

administered by a researcher during a medical visit or by phone. Treat-
ment adherence was reported by caregivers.

2.3. Statistical analysis

A database was created and analyzed using STATA statistical soft-
ware (Stata/IC 15) for Windows. Frequencies and percentages were
used to summarize the categorical data, and continuous datawere sum-
marized using means and standard deviations (SD). Data analysis was
performed using Fisher's test for categorical variables or a t-test for con-
tinuous variables; p-values below 0.05were considered statistically sig-
nificant. Patients who discontinue treatment with LEV will be included
for the period receiving treatment.

2.4. Ethics

The study was approved by the local Ethics Committee of the
Universidad de Chile School of Medicine.

3. Results

3.1. Patient characteristics (Table 1)

A total of 30 children (16 males and 14 females) were enrolled in
this study. The mean patient age was 8 years (SD 3.3; range 4 to 14).
Ten patients presented with clinically abnormal development, charac-
terized as a global developmental delay in four and a language delay
in six of the patients. Moreover, 40% of patients had a family history of
psychiatric disease; 63% had a nonpsychiatric comorbidity; 10% had a
psychiatric comorbidity, all of them diagnosed with attention-deficit
hyperactivity disorder (ADHD); and 30% reported previous behavioral
problems at home or school. Fifteen (50%) patients were diagnosed
with focal epilepsy, and the other half with generalized epilepsy. The
etiological cause of the epilepsy was not established in the majority of
the patients at study enrollment. At the time when LEV was initiated,
70% of patients had abnormal electroencephalographic results; 19
(63%) showed interictal epileptiform activity (5/19 temporal, 4/19 cen-
tral–temporal, 3/19 central–frontal, 3/19multifocal, 2/19 frontal, and 2/
19 generalized), and slow background activity was found in 2 (7%) pa-
tients. A total of 24 (80%) patients used LEV as monotherapy, while 6
(20%) used LEV in polytherapy. Of these six, 5/6 used two AEDs; other
AEDs prescribed included phenobarbital, phenytoin, valproic acid, and
clobazam. One patient had a three-AED regimen of LEV, clobazam, and
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Fig. 2. Individual SDQ-cas scores at baseline and weeks two, four and twelve of treatment
with levetiracetam. Individual SDQ-cas scores before and during treatment with
levetiracetam. Dashed line indicates threshold dividing “normal” from “abnormal”
conduct.
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valproic acid. The mean LEV dose was 32 (SD: ±9.72; range: 20–66)
mg/k/day. Levetiracetam starting dose and speed of titrationwas not in-
cluded as a study variable. All patients' caregivers reported pharmaco-
logical adherence.

3.2. Frequency of adverse behavioral effects after LEV initiation

The SDQ-cas was applied to every patient immediately before initia-
tion of LEV treatment. At baseline, 29 (97%) scored within normal range
according to the norms for the questionnaire, with an average score of
5.8 points (±4.1). Only one patient, previously diagnosed with ADHD,
was classified as showing “abnormal” behavior, primarily attributable
to the hyperactivity domain. At week two of treatment, the median
score was 8.6 (±5.3), with three (10%) of patients moving from the
“normal” to “abnormal” SQD-cas behavior category. By week four,
seven (23.3%) patients were classified as having “abnormal” behavior
according to SQD-cas score. These behavioral abnormalities persisted
through week twelve of follow-up. No patient classified as having “nor-
mal” behavior at week four moved into the “abnormal” behavior cate-
gory when evaluated at week twelve. Six patients discontinued LEV
between weeks four and twelve, four due to insufficient seizure control
and two due to adverse behavioral effects. Children who maintained
“normal” behavior according to the SQD-cas showed small variations
in score throughout the study. Behavioral outcomes according to SDQ-
cas score at baseline and weeks two, four, and twelve of LEV treatment
are presented in Fig. 1. Individual SDQ-cas scores at all timepoints and
the threshold dividing “normal” and “abnormal” behavior are shown
in Fig. 2.

3.3. Characterization of adverse behavioral effects

Patients with adverse behavioral effects after initiation of LEV
showed effects in all domainsmeasured by the SDQ-cas, with exception
of the prosocial domain. Conduct problems, emotional symptoms, and
hyperactivity were the most significantly affected domains. Changes in
domain scores between baseline and week four for patients with ad-
verse behavioral effects are shown in Fig. 3.

3.4. Demographic and clinical factors associated with adverse behavioral
effects

Patientswere classified aswith orwithout adverse behavioral effects
after four weeks of LEV treatment. Demographic and clinical factors as-
sociated with the presence of adverse effects were studied. Significant
0% 20% 40% 60% 80% 100%
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Fig. 1. Behavioral outcome according to SDQ-cas score at baseline and weeks two, four,
and twelve of treatment with levetiracetam. SDQ-cas scores after before and during
treatment with levetiracetam.

3

differences in the appearance of adverse behavioral effects were related
to previous behavioral difficulties at school or home and family history
of psychiatric disease. No differences were found for normal/abnormal
development, nonpsychiatric comorbidities, absence/presence of previ-
ous psychiatric pathology, mono/polytherapy, normal/abnormal elec-
troencephalographic results, or LEV dosage. Statistical significance was
stated for p values below 0.05 and 28 degrees of freedom using Fisher's
test. A comparison of the demographic and clinical characteristics of pa-
tients with and without adverse behavioral effects is shown in Table 2.

4. Discussion

Levetiracetam is a broad-spectrum AED with an improved pharma-
cological profile, but adverse behavioral effects in adult and pediatric
population have been extensively reported. The present study supports
these reports by demonstrating the association using a prospective
methodology and standardized behavioral measurements. We showed
that after initiation of LEV, 23% of patients showed behavioral difficulties
not evident before the pharmacologic treatment. The SDQ-cas was used
to obtain objectivemeasurements of various behavioral dimensions and
to quantify changes during the follow-up period. Most patients showed
no adverse behavioral effects, remaining in the “normal” SDQ-cas be-
havioral category, but also showed no improvement on any of the di-
mensions evaluated. Nearly a quarter of the patients had a shift in
their behavioral SQD-cas classification outcome from “normal” to “ab-
normal.” Behavioral changes present during the first four weeks of
treatment maintain through the study time. Patients with adverse be-
havioral effects had a similar profile of behavioral changes. Hyperactiv-
ity, conduct, and emotional difficulties were the domains with themost
marked changes. It is important to characterize the specific behavioral
symptomatology associated with adverse effects of LEV. An exhaustive
symptomatologic characterization will allow physicians to direct their
clinical evaluation and anticipate eventual changes to caregivers. More-
over, this knowledge will facilitate accurate clinical evaluation, helping
professionals to identify or exclude other pathologies, related or unre-
lated to epilepsy, that may present as behavioral difficulties.

Understanding potential adverse behavioral effects of LEV is impor-
tant whenmaking treatment decisions in pediatric epilepsy. Our results
show that adverse behavioral effects are significantly more common in
patients with a history of behavioral difficulties at home or school, but
prior history of a psychiatric comorbidity was not a significant predis-
posing factor. It is important to evaluate the behavior of the child during



Fig. 3. SDQ-cas domain scores at baseline and week four of treatment in patients with abnormal behavior after initiation of levetiracetam. Variations in SDQ-cas scores by domain in
patients with behavioral alterations.

C. Cortes and C. Manterola Epilepsy & Behavior 112 (2020) 107472
clinical consults and to complement these observations with reports
from the caregivers and school to optimize characterization of baseline
behavior. Children with a history of behavioral difficulties, even when
these issues are not formally diagnosed as a disorder, are at higher
risk of adverse behavioral effectswhen treatedwith LEV. Familymedical
history of psychiatric disease is another variable that must be taken into
accountwhen selecting LEV as an AED. The presence of a developmental
delay or cognitive impairment, nonpsychiatric comorbidities, and the
use of polytherapy, variables previously described as predicting factors
for adverse behavioral effects in patients treatedwith LEV, were not sig-
nificant in our study. These differences may be related to the small
sample size.

Seven patients in the study shifted from “normal” to “abnormal” be-
havior after initiation of treatment with LEV as assessed by a standard-
ized tool (SDQ-cas). However, LEV was discontinued in only two of
these patients. The standardized instrument usedmay overdiagnose be-
havioral difficulties; however, we encourage physicians to carefully
evaluate various behavioral domains in patients receiving LEV. Behav-
ioral symptomatology that does not reach the threshold for a patholog-
ical diagnosis may nevertheless cause important distress to the family
system and affect quality of life.

This study evaluates changes in patient behavior after initiation of
LEV as compared with a baseline score. An important limitation of this
study is that these changes may be related to other variables. The epi-
lepsy diagnosis, parental stress due to the illness, a history of hospitali-
zations, pharmacological adherence, and exposure to a structural
Table 2
Predisposing factors associated with adverse behavioral effects.

Variable Patients with behavioral
alterations
(total = 7)

n %

Abnormal development 2 28
Psychiatric comorbidity 1 14
Nonpsychiatric comorbidity 6 85
History of behavioral difficulties at home 5 71
History of behavioral difficulties at school 3 42
Family history of psychiatric disease 6 85
Concomitant AEDs 2 28

AED: antiepileptic drug.
⁎ Statistical significance: p > 0.05.
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questionnaire regarding behavior are confounding factors that may
have affected the caregiver evaluation. Caregivers of patients with pre-
vious behavioral difficulties and have family history of psychiatric dis-
ease may have an observation bias when exposed to a questionnaire.
Levetiracetam starting dose and titration speed had been associated
with behavioral adverse effects; these variables were not included in
our analysis andmay be a confounder. Furthermore, our study was per-
formed in a tertiary hospital, and therefore, most of the patients had
other medical pathologies, which may constitute a selection bias. We
were not able to compare different types of epilepsy in relationship
with LEV-related adverse effects. The sample size was too small for
such an analysis; furthermore, the etiology of the disorder was un-
known in most patients at the time of enrollment. These disease-
related factors have been reported as significantly related to the pres-
ence of adverse effects. Finally, the objective of this studywas to observe
changes in behavior during the first three months of treatment with
LEV; therefore, emergence of new issues or persistence of symptoms
past this timepoint was not studied.

Various studies have reported adverse behavioral effects related to
treatment with LEV in pediatric populations. Our results support previ-
ous findings using a prospective methodology and a standardized and
validated measurement of behavior. Levetiracetam is an AED that is
widely used as it shows favorable pharmacokinetic properties, treats a
broad spectrum of epilepsy disorders, and rarely causes severe adverse
effects.When selecting an AED, physicians must balance the probability
of seizure control and the probability of adverse effects. Adverse
Patients without behavioral
alterations
(total = 23)

p-Value

n %

.5 8 34.9 0.4865

.3 2 8.7 0.5769

.7 13 56.5 0.0819

.4 3 13 0.0467⁎

.8 0 0 0.0048⁎

.7 6 26.1 0.0149⁎

.5 4 17.4 0.2738
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behavioral effects may diminish quality of life for patients and care-
givers. Evaluating individual predisposing factors for adverse behavioral
effects and actively assessing for behavioral changes will result in better
medical decision-making.

5. Conclusion

The present study found adverse behavioral effects in one quarter of
a sample of pediatric patients treated with LEV. To the best of our
knowledge, this is thefirst study that demonstrates this association pro-
spectively using a standardized instrument to measure conduct and
characterize the behavioral dimensions affected. Levetiracetam has
proven to be an excellent AED, but physicians must take into account
predisposing factors for adverse behavioral effects when considering
this prescription, and behavioral changes should be evaluated regularly
during treatment.
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