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Objective: Comorbidity between difficult-to-treat epilepsies and ADHD is frequent and impacts negatively on
quality of life. The commonly held (yet poorly substantiated) view that stimulants may worsen seizure control
has prevented studies from evaluating the impact of such treatment in this population. Our aim was to study
the effect of methylphenidate on the quality of life of children and adolescents with difficult-to-treat epilepsies
and comorbid ADHD.
Methods: The study was an open-label, noncontrolled trial with intention-to-treat analysis following 30 patients
for 6 months. Subjects received methylphenidate following 3 months of baseline, during which antiepileptic
drugs (AEDs)were adjusted and epilepsy, ADHD, and quality-of-life variableswere assessed.Multivariate regres-
sion analysis identified the main variables correlated with outcome.
Results: Only one patient withdrew because of seizure worsening. Following methylphenidate introduction, doses

were titratedup to 0.40–0.50mg/kg/day. Amarked improvement in quality-of-life scores and a significant reduction
in seizure frequency and severitywere observed. Female sex, reduction of core ADHD symptoms, and tolerability to
adequate doses of methylphenidate were significantly associated with improved quality-of-life scores.
Conclusion: These preliminary data suggest that methylphenidate treatment is safe and effective in patients with
ADHD and difficult-to-treat epilepsies, positively impacting on quality-of-life scores.
© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Epilepsy affects around 1% of children and adolescents [1]. These
patients often present behavioral and cognitive symptoms that fulfill
DSM-5 criteria for psychiatric disorders [2,3]. In particular, attention-
deficit/hyperactivity disorder (ADHD), which affects approximately 5%
of childrenworldwide [4], has been described as a prominent psychiatric
comorbidity in epilepsy [5–7].

Current evidence suggests that 12 to 60% of children with epilepsy
have ADHD, with higher figures in patients with severe epilepsies
[6–9]. The mechanisms underlying the comorbidity are unclear but
likely involve genetic factors [10]; frequent seizures, epileptiform
discharges, and the effects of antiepileptic drugs (AEDs) may also
combine to trigger ADHD symptoms [11,12].

Both conditions have been independently associatedwith lowquality-
of-life scores [13–16]. However, ADHD symptoms often appear before
seizure onset [17], suggesting that the seizures and their treatment
may not have much to do with the psychiatric comorbidity. Hermann
et al. [18] reported 23 patients with ADHD and new-onset epilepsy: in
psies Outpatient Clinic, Hospital
0-000 Porto Alegre, RS, Brazil.
19, ADHD symptoms preceded seizure onset. An epidemiologic study
showed that the risk of epilepsy was 2.5 times greater in children who
had already developed ADHD symptoms [5].

Attention-deficit/hyperactivity disorder is a chronic disorder
which persists into adulthood in about two-thirds of patients and
causes a negative impact on familial and social relationships, aca-
demic achievement, and occupational status [19]. Treating ADHD is,
thus, crucial to improve quality of life for patients and families [20,
21]. Although a number of psychosocial interventions have been pro-
posed, the cornerstone of treatment for ADHD is stimulant medica-
tion [22]. However, in the presence of comorbid epilepsy, a clinical
dilemma ensues because of the long held view that methylphenidate
may reduce the seizure threshold and interfere with seizure control
[23,24].

Nonetheless, this view has been challenged on several accounts.
First, methylphenidate is as effective in alleviating ADHD symptoms
in patients who have associated epilepsy as it is in patients with
ADHD without epilepsy [20,25,26]. Furthermore, available data do not
indicate loss of seizure control with methylphenidate in patients with
well-controlled epilepsy [20,27–29], and the limited data suggesting
otherwise are not conclusive [30].

While it is well established that children with comorbid ADHD and
difficult-to-treat epilepsies face educational, physical, social, and
emotional difficulties that directly impact quality of life [13,26], it is
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not known whether treatment of ADHD with stimulants improves
quality of life in these patients. In this study, we investigated a sample
of patients with difficult-to-treat epilepsies and ADHD seen in a tertiary
epilepsy center, treated their ADHD symptoms with methylphenidate,
and measured the impact of the treatment on quality-of-life scores.

2. Methods

2.1. Subjects and methods

This was an open-label, noncontrolled trial with intention-to-treat
analysis conducted at the Severe and Refractory Epilepsies Outpatient
Clinic of the Hospital São Lucas da PUCRS in Porto Alegre, Brazil. Between
March 2008 and December 2009, 78 children and adolescents (6–
16 years of age) with difficult-to-treat epilepsy, defined by at least one
seizure in the previous 3 months despite adequate doses of at least two
adequate antiepileptic drugs (AEDs), were screened with the Swanson,
Nolan, and Pelham questionnaire version IV (SNAP-IV) [31] because of
the presence of behavioral problems or difficulties at school. Thirty
were excluded either because they did not have ADHD or because they
did have significant ADHD symptoms but could not undergo IQ testing.
Another 13 could not be included because of a progressive neurological
disorder or a clinical disorder deemed incompatible with methylpheni-
date use. Two others were scheduled for epilepsy surgery in the follow-
ing weeks, and the parents of three patients declined inclusion.

The 30 remaining patients engaged in the following evaluation pro-
cedures. First, a clinical interview to establish the diagnosis of ADHDand
its subtype according to DSM-IV criteria was performed by two trained
child neurologists. An independent trained rater then applied the
Schedule for Affective Disorders and Schizophrenia for School-Age
Children — Present and Lifetime Version (K-SADS-PL) [32] to assess
other potential psychiatric diagnoses, and a clinical committee (includ-
ing a pediatrician, a psychologist, and two neurologists) reviewed the
data to confirm the diagnosis of ADHD and to identify additional
psychiatric disorders according to DSM-IV. The Brazilian version of the
Fig. 1. Study outline. ADHD—attention-deficit/hyperactivity disorder, Barkley—adverse events
SADS—Schedule for Affective Disorders and Schizophrenia for School-Age Children, MPH: meth
tom scale. Seizure frequency was the monthly average for the duration of the interval.
Wechsler Intelligence Scale for Children – WISC-III [33] – was used to
determine the presence of mental retardation, based on a score of ≤69,
according to International Statistical Classification of Diseases and Related
Health Problems (ICD-10) [34].

To assess quality of life, we used a specific instrument based upon
the ‘Impact of Childhood Illness Scale’ [35] that is validated for the
Brazilian population (Quality of Life in Children with Epilepsy —

QVCE) [36]. This is a 50-item questionnaire subdivided into four do-
mains: physical, psychological, social, and cognitive–educational. Each
item is scored 1–4, with higher scores indicating better quality of life
in each domain. A general score based on all 50 itemswas also obtained.
Results are reported as percentage of the total score in each and across
all domains. Seizure severity was quantified at monthly visits (see
below) with the Hague Seizure Severity Scale (HASS), an inventory of
13 ictal and postictal problems that is reliable in terms of test–retest
stability and internal consistency [37]. Scores range from 13 (no sei-
zures) to 52 (maximum seizure severity).

The Barkley Side Effects Rating Scale [38] was used to monitor
adverse effects and adjust methylphenidate dosage. This scale probes
17 symptoms and scores each from 0 (absent) to 9 (severe). Three
and 7 are the cutoff limits for mild and severe intensity, respectively,
of a given symptom; scores 4–6 indicate medium severity.

The timetable for evaluative and interventional procedures is sum-
marized in Fig. 1. Patients were seen at least four times in 6 months:
at the outset of baseline (T− 3), 3months later, whenmethylphenidate
was started (T0), and then one (T+1) and 3 (T+3)months later. Dur-
ing the first 3 months (baseline period, T − 3 to T0), modifications in
AED type and/or dosages were performed. At the outset of the baseline
period, patients were evaluated with the SNAP-IV, QVCE, and HASS and
also had their seizure frequency in the three previous months noted.
Three months later (T0), methylphenidate was started and slowly ti-
trated up at a rate of 2.5 mg/week in children weighing less and at
5 mg/week in children weighing more than 30 kg.

At this and each subsequent visit (T + 1 and T + 3), scores of the
scales described above were obtained to monitor the evolution of
MPH scale, HASS—Hague Seizure Severity Scale, IQ—intelligence quotient (WISC), Kiddie-
ylphenidate, QVCE—Quality of Life in Children with Epilepsy, and SNAP-IV—ADHD symp-



Table 1
Clinical and sociodemographic characteristics of the sample.

Variables n = 30

Age (years) — mean ± SD 11.5 ± 3.3
Age at onset of seizures (months) — median (IR) 29 (4–61)
Epilepsy duration (years) — median (IR) 7.8 (5–10.9)
Gender — n (%)

Male 20 (66.7)
Female 10 (33.3)

Epilepsy syndrome — n (%)
Generalized 10 (33.3)
Partial 19 (63.3)
Unknown 1 (3.3)

Etiology — n (%)
Cryptogenic 13 (43.3)
Symptomatic 16 (53.3)
Idiopathic 1 (3.3)

IQ (WISC-III) — mean ± SD [range] 75.3 ± 24.0 [51.3–99.3]

IR = interquartile range.
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ADHD symptoms (SNAP-IV), quality of life (QVCE), seizure severity
(HASS), and side effects (Barkley Scale).

Three of the 30 patients did not complete the trial: one had severe
headache between T+ 1 and T+ 3, another one had seizure frequency
that increased significantly between T0 and T + 1 (this patient had an
average of 5 seizures/month during baseline and had 8 seizures already
in the first week with methylphenidate), and the last one had an
episode of aggressiveness following methylphenidate onset (between
T0 and T + 1). These three patients were included in the intention-to-
treat analysis as ‘last observation carried forward’ (LOCF).

Safety measures included providing the researchers' mobile phone
numbers to parents, neurology residents, and emergency room staff.
Parents were instructed to call or present to the emergency room
should generalized seizures or any other serious side effects occur. In
addition, they were informed about the objectives and risks of the
study, particularly the risk of more frequent or severe seizures, and
patient inclusion occurred only after their formal agreement. The
study was approved by the Ethics Committee of our institution.

2.2. Statistical analyses

Quantitative data were referred to as means and standard deviation
or median and interquartile amplitude, according to the symmetry of
the distribution, and analyzed with the Shapiro–Wilk test. Associations
between quantitative variables were tested with Pearson's or
Spearman's linear correlation. Means were compared with Student's
t-test or one-wayANOVA if datawere derived from twoormore groups,
respectively. Comparison of scores obtained at each of the four visits
was performed through repeated measures ANOVA with post hoc
Bonferroni correction for data with symmetric distribution or with
Friedman's test with post hoc Wilcoxon correction, adjusted by Finner,
for asymmetrical data. A multiple linear regression backward model
was used to control for confounding factors and identify variables inde-
pendently associated with quality of life. Variables were entered in the
model if they had p b 0.20 in the bivariate analysis. Analyses were per-
formed with SPSS (Statistical Package for the Social Sciences) version
17.0 and PEPI (Programs for Epidemiologists) version 4.0. Significance
level was established at 5%. A sample size of 20 patients assessed before
and after the intervention was determined, aiming at an alpha of 0.05
and a power of 90% to detect a 1 standard deviation difference in the
global score of the QVCE.

3. Results

Table 1 describes the sample. The mean age at seizure onset, mean
age at inclusion in the study, and duration of epilepsy were, respectively,
29 months, 11.5 years, and 7.7 years. Two-thirds were male, with mean
IQ of 75. Eight patients had a history of severe perinatal hypoxiawith dif-
fuse or localized MRI atrophic lesions. Another eight had malformations
of cortical development or tuberous sclerosis, some of whomwere being
considered for surgical treatment; two had bilateral asymmetrical
hippocampal malformations; and the other 12 did not have structural
lesions identified on MRI.

3.1. Seizure frequency and severity

Intention-to-treat analysis with LOCF, including the three patients
who did not complete the study, showed a significant reduction in sei-
zure frequency and severity from baseline (T − 3) to 1 month after
methylphenidate onset (T + 1) (p b 0.001), with stabilization between
1 and 3 months with the stimulant medication (Table 2). More specifi-
cally, significant reductions were observed not only between T− 3 and
T0, i.e., after AED adjustments but before methylphenidate onset, but
also between T0 and T + 1, suggesting an additional effect of methyl-
phenidate on seizure control, which remained stable for the ensuing
months (Table 2).
3.2. ADHD symptoms

Data in Table 2 show the evolution of ADHD symptoms during the
study, in particular the lack of symptomatic effect of AED adjustments
before methylphenidate use (T− 3 until T0).
3.3. Dosage of methylphenidate

Before adjustments dictated by side effects in five patients, themean
dose of methylphenidate reached 0.39 ± 0.18 mg/kg (range: 0.12 to
0.83), whereas at the end of the study, the mean dose was 0.40 ±
0.15 mg/kg (range: 0.13 to 0.80 mg/kg; p = 0.56).
3.4. Quality of life

Quality of Life in Children with Epilepsy scores did not change
significantly during baseline following adjustments in AED treatment.
However, 1 and 3 months after introduction of methylphenidate, a
marked increase in quality-of-life scores compared to the 3 months of
baseline was noted, encompassing all domains (p b 0.001). These scores
did not significantly differ between 1 and 3months after stimulant onset,
except for the cognitive domain which improved further (Table 2).

Multivariate linear regression showed that alleviation of ADHD
symptom burden, female sex, and tolerability to methylphenidate
correlated with global scores in the quality-of-life scale (Table 3). The
greater the reduction in SNAP-IV scores, the higher the QVCE scores.
Furthermore, girls and patients who did not need to decrease methyl-
phenidate doses because of side effects had, respectively, a probability
of 8% and 11% increase in their quality-of-life scores. As the variables
accepted by the model (Table 3) were more related to ADHD than to
epilepsy (e.g., seizure frequency and severity), our findings suggest
that the former bears a closer relationship to the quality-of-life scores
in patients with this comorbidity. Fig. 2 details global and domain-
specific quality-of-life scores before and after MPH.
4. Discussion

There is a consensus that neurologists need to paymore attention to
the psychiatric comorbidities of epilepsy. Not only are these comorbid-
ities frequent, but they also challenge superficial assumptions about
suffering in patients with epilepsy, and a growing number of studies
has been demonstrating that quality of life may relate more to behavior
than to seizure variables. For instance, Choi-Kwon et al. showed that the
presence of comorbid depression is a better predictor of quality of life
than seizure control [39].



Table 2
Seizure, ADHD, and quality-of-life scores before and after methylphenidate (values presented as median (interquartile range)).

−3 months (baseline, T − 3) MPH onset (T0) +1 month (T + 1) +3 months (T + 3) p-Value

SNAP-IV
Hyperactivity 1.72 (1.22–2.18)b 1.55 (0.88–2.03)b 0.72 (0.30–1.17)a 0.77 (0.22–1.25)a b0.001⁎

Inattention 2 (1.69–2.33)b 1.94 (1.69–2.33)b 1.32 (0.77–1.69)a 1.06 (0.77–1.58)a b0.001⁎

ODD 1.25 (0.30–1.81)b 0.56 (0.09–1.62)b 0.37 (0.00–0.78)a 0.37 (0.00–0.78)a b0.001⁎

QVCE#

Global 61.5 ± 8.64a 64.4 ± 8.68a 72.6 ± 11.7b 75.7 ± 11.8c b0.001⁎⁎

Physical 59.8 ± 13.3a 62.6 ± 14.6a 71.9 ± 15.5b 74.3 ± 14.8b b0.001⁎⁎

Psychological 64.8 ± 9.89a 68.4 ± 9.00a 75.5 ± 11.5b 75.8 ± 13.2b b0.001⁎⁎

Social 66.7 ± 19.0a 69.1 ± 18.5a 77.7 ± 18.4b 79.2 ± 17.4b b0.001⁎⁎

Cognitive–educational 56.6 ± 14.9a 59.1 ± 14.9a 68.0 ± 15.3b 72.8 ± 13.9c b0.001⁎⁎

Seizures
Frequency 6.5 (1–20)c 2 (0–9.0)b 0 (0–2.0)a 0 (0–4)a b0.001⁎⁎⁎

Severity 29 (24–35)c 24 (13–31)b 13 (13–24)a 13 (13–25)a b0.001⁎⁎⁎

QVCE=Quality of Life inChildrenwith Epilepsy, and SNAP-IV=ADHD symptoms scale. Seizure severitywasmeasured according to theHASS. Seizure frequencywas themonthly average
for the duration of the interval.
⁎ Friedman test; a and b — same letters mean no difference by Wilcoxon correction adjusted by Finner at 5% (p b 0.05).
⁎⁎ Repeated measures ANOVA; a, b, and c — same letters mean no difference by Bonferroni correction at 5% (p b 0.05).
⁎⁎⁎ Friedman test; a, b, and c — same letters mean no difference by Wilcoxon correction adjusted by Finner at 5% (p b 0.05).

# Described by mean ± standard deviation.
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Attention-deficit/hyperactivity disorder is highly prevalent in chil-
dren and adolescents with epilepsy in general, but particularly in
those with difficult-to-treat epilepsies, and the negative impact of this
comorbidity has been demonstrated [6,7,12,13]. However, the pharma-
cological management of ADHD in the context of difficult-to-treat
epilepsies is plagued by the commonly held view that stimulants may
worsen seizure control [23,30]. Therefore, data on the possible impact
of treating ADHD symptoms with stimulants on the quality of life of
these children are lacking.

Within the limitations of an open-label, uncontrolled trial, our re-
sults suggest that low to moderate doses of methylphenidate signifi-
cantly reduce ADHD symptoms and improve quality of life in children
and adolescents with difficult-to-treat epilepsies. Furthermore, as de-
tailed elsewhere [25], treatmentwithmethylphenidatewas an adjuvant
to AEDs in reducing seizure frequency and severity instead of an
obstacle to seizure alleviation (Table 2).

As preliminary as thesefindings should be taken, they shed light on a
number of issues that deserve more careful scrutiny in the future. First
and foremost, the data suggest that adequately treating ADHD symp-
toms in patients with difficult-to-treat epilepsies leads to improvement
in quality of life similar to that observed in ADHD children without
epilepsy [39].

The practical relevance of this, if confirmed by future research,
cannot be overemphasized because these children face several levels
of limitation in their quest for social integration and learning, including
the seizures, the cognitive handicap, and the ADHD symptoms. Not un-
commonly, despite aggressive and adequate AEDmanagement, seizures
cannot be completely controlled and cognitive limitations may also not
be reversible. Our findings confirm and extend previous investigations
showing that methylphenidate can be successfully used to treat chil-
drenwith severe epilepsy and comorbid ADHDwith orwithout learning
disability (IQ b 70) [40]. Therefore, reducing ADHD symptoms can be of
great value and, not surprisingly, did appear to have a significant impact
on quality of life.

Second, the data suggest that in patientswith ADHDand difficult-to-
treat epilepsies, AED adjustments alone do not significantly impact on
Table 3
Multivariate linear regression with backward estimation to identify variables independently as

Variables Regression coefficie

Global QVCE Female sex 8.04
MPH adjustment −10.78
ΔInattention, T − 3 to T + 3 −5.32
quality of life despite reducing seizure frequency and severity. These
preliminary findings not only agree with reports indicating that behav-
ior is a better predictor of quality of life in epilepsy than seizures [16] but
also suggest that seizure improvement without behavior improvement
brings only limited benefit for patients and families. Should these find-
ings be confirmed, they imply that not making the diagnosis and there-
fore not starting treatment of ADHD symptoms in patients with severe
epilepsies does not meet their needs and is insufficient for improving
their quality of life. Furthermore, theywould urge neurologists to screen
for ADHD and managers to provide comprehensive multidisciplinary
care in tertiary outpatient clinics to identify and treat these patients.

Third, although three of the 30 patients had to discontinue methyl-
phenidate and withdraw from the study because of significant head-
ache, aggressiveness, and seizure worsening, respectively, the majority
completed the trial. Thus, although these not unexpected adverse
events do occur in this population, they do not rise to the level of consid-
eringmethylphenidate as inadequate or unsuitable to treat ADHD in pa-
tients with epilepsy. In this respect and contrary to the preconceived
view that methylphenidate worsens seizure control, themedication ap-
peared to have a positive effect on seizure frequency and severity,
which was additional to that of established AEDs. Along these lines,
the improvement in seizure control was maintained during months 1
to 3 of methylphenidate use, reducing the possibility that this was a
transient effect and supporting the finding that methylphenidate did
not negatively interfere with seizure control. Additional studies with a
placebo control group may clarify whether the prevalence and type of
severe adverse events are significantly greater or more frequent in pa-
tients with epilepsy who use stimulant medication.

Quality of life improved through all domains of the QVCE after intro-
duction of methylphenidate and remained stable during maintenance,
between months 1 and 3, except for the cognitive domain, which
improved further. This stabilization is expected in the short-term, and
future studies should focus on the long-term effects ofmethylphenidate
treatment in this population. In particular, such studies may clarify
whether there is a ceiling effect to the positive impact of stimulant
medications on the quality of life of patients with severe epilepsy,
sociated with quality of life (QVCE scores).

nt (b) 95% CI Βeta (β) p-Value

−1.76 to −13.31 −0.455 0.004
−17.44 to −4.13 −0.482 0.003
−9.52 to −1.12 −0.380 0.015



Fig. 2. Global and domain-specific quality of life in children with epilepsy (QVCE) at each evaluation. Circles indicate mean scores, and error bars represent lower and upper limits of the
95% confidence interval.
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which is likely, given the broad range of limitations also imposed by the
epilepsy itself and other cognitive handicaps.

Multivariate analysis raised further issues to be explored in the
future. Female sex, level of improvement in ADHD symptoms, and toler-
ability to methylphenidate were retained in the regression model as
variables significantly correlated with improvement in quality-of-life
scores. Patients who needed to reduce methylphenidate dose because
of side effects had around 11% lower scores in the general quality of
life and 16% lower scores in the psychological domain compared to
thosewho tolerated the therapeutic doses establishedwith the titration
schedule. This may suggest that some patients need higher doses of
methylphenidate to control their symptoms and to positively impact
on quality-of-life measures.

However, this should not detract from themainfinding that even low
to moderate doses of methylphenidate, around 0.40 to 0.50 mg/kg/day,
proved sufficient to provide significant ADHD symptom alleviation and
improvement in quality of life and did not interfere negatively with
seizure control in this population.

Finally, some variables correlated with scores in specific domains of
the QVCE. The presence of significant hyperactive symptoms at baseline
and later age at epilepsy onset correlated with higher scores in the
cognitive–educational domain, and a history of generalized tonic–clonic
seizures reduced scores in the physical domain. Taken as a whole, these
findings suggest that the earlier and the more severe the impact of the
epilepsy, the lower the chances of improvement in quality of life, even
if treating for ADHD symptoms. These results, however, must be
replicated in larger samples with a more sophisticated study design.
Also, they suggest that hyperactive symptoms do respond significantly
to methylphenidate in these doses, and thus, their presence leads to
higher chances of improvement in quality of life.

A major limitation of open-label, noncontrolled trials is that
outcome is apparently related to the intervention because other alterna-
tives are not tested. Thus, because we did not have a control group, we
cannot rule out the possibility that adjustments of AEDs alone would
have resulted, gradually, in the same level of improvement in quality of
life as observed with methylphenidate. Nonetheless, the fact that such
improvementwas not observed in the first 3months of the study, before
methylphenidate was started but after AEDs were adjusted, renders this
possibility less likely, although we cannot exclude it convincingly. Fur-
thermore, open-label trials may have verification biases, particularly in
studies in which outcome is a subjective variable depending exclusively
upon the person being interviewed. Participants may systematically
‘bias’ their responses to thewhole context of the study, including the ex-
pectations involved. Finally, there is another possibility of verification
bias because the main questionnaire, the QVCE, is not self-applicable,
lending it vulnerable to interviewer bias. The latter is evenmore relevant
in open trial designswhen participants and interviewers are aware of the
intervention. Nevertheless, this is a bias difficult to avoid in studies using
semistructured questionnaires.
Funding

This study was self-funded and performed in the context of the
Graduate Program in Health Sciences of PUCRS as part of Dr. Radziuk's
master degree.



220 A.L. Radziuk et al. / Epilepsy & Behavior 46 (2015) 215–220
Acknowledgments

We are indebted to statistician Ceres Oliveira for statistical assis-
tance and to our colleagues, both staff and residents at the Severe and
Refractory Epilepsies Outpatient Clinic, for continued support during
the study. We thank Drs. Cristian Zeni and Luis Rohde from the
Attention-Deficit/Hyperactivity Disorder Program (PRODAH), Hospital
de Clínicas, Universidade Federal do Rio Grande do Sul (UFRGS) in
Porto Alegre for helpful discussions and guidance. Dr. Henrique Ludwig,
Dr. Breno Matte, and Dr. Ana Paula Aguiar applied the K-SADS-PL, and
we thank them also.

Disclosures

Dr. Palminiwas on the speakers' bureau and/or acted as a consultant
for Novartis, Abbott, Janssen-Cilag, Eli Lilly, and Biogen. All other authors
have no potential conflicts of interest.

References

[1] Bell GS, Sander JW. The epidemiology of epilepsy: the size of the problem. Seizure
2001;10(4):306–14.

[2] Austin JK, Caplan R. Behavioral and psychiatric comorbidities in pediatric epilepsy:
toward an integrative model. Epilepsia 2007;48(9):1639–51.

[3] Dunn DW, Austin JK, Perkins SM. Prevalence of psychopathology in childhood
epilepsy: categorical and dimensional measures. Dev Med Child Neurol 2009;51
(5):364–72.

[4] Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide
prevalence of ADHD: a systematic review andmetaregression analysis. Am J Psychiatry
2007;164(6):942–8.

[5] Hesdorffer DC, Ludvigsson P, Olafsson E, Gudmundsson G, Kjartansson O, Hauser
WA. ADHD as a risk factor for incident unprovoked seizures and epilepsy in children.
Arch Gen Psychiatry 2004;61(7):731–6.

[6] Kaufmann R, Goldberg-Stern H, Shuper A. Attention-deficit disorders and epilepsy in
childhood: incidence, causative relations and treatment possibilities. J Child Neurol
2009;24(6):727–33.

[7] Dunn DW, Kronenberger WG. Childhood epilepsy, attention problems, and ADHD:
review and practical considerations. Semin Pediatr Neurol 2005;12(4):222–8.

[8] Hermann B, Seidenberg M, Jones J. The neurobehavioural comorbidities of epilepsy:
can a natural history be developed? Lancet Neurol 2008;7(2):151–60.

[9] Gonzalez-Heydrich J, Dodds A, Whitney J, MacMillan C, Waber D, Faraone SV, et al.
Psychiatric disorders and behavioral characteristics of pediatric patients with both
epilepsy and attention-deficit hyperactivity disorder. Epilepsy Behav 2007;10(3):
384–8.

[10] Hesdorffer DC, Caplan R, Berg AT. Familial clustering of epilepsy and behavioral
disorders: evidence for a shared genetic basis. Epilepsia 2012;53(2):301–7.

[11] Gonzalez-Heydrich J, Weiss M, Connolly M, Wambera K, Jan JE, Plioplys S, et al.
Pharmacological management of a youth with ADHD and a seizure disorder. J Am
Acad Child Adolesc Psychiatry 2006;45(12):1527–32.

[12] Hamoda HM, Guild DJ, Gumlak S, Travers BH, Gonzalez-Heydrich J. Association be-
tween attention-deficit/hyperactivity disorder and epilepsy in pediatric populations.
Expert Rev Neurother 2009;9(12):1747–54.

[13] Sherman EM, Slick DJ, Connolly MB, Eyrl KL. ADHD, neurological correlates and
health-related quality of life in severe pediatric epilepsy. Epilepsia 2007;48(6):
1083–91.

[14] Hrabok M, Sherman EM, Bello-Espinosa L, Hader W. Memory and health-related
quality of life in severe pediatric epilepsy. Pediatrics 2013;131(2):e525–32.

[15] Baca CB, Vickrey BG, Hays RD, Vassar SD, Berg AT. Differences in child versus parent
reports of the child's health-related quality of life in children with epilepsy and
healthy siblings. Value Health 2010;13(6):778–86.

[16] Klassen AF, Miller A, Fine S. Health-related quality of life in children and adolescents
who have a diagnosis of attention-deficit/hyperactivity disorder. Pediatrics 2004;
114(5):E541–7.

[17] Dunn DW, Austin JK. Differential diagnosis and treatment of psychiatric disorders in
children and adolescents with epilepsy. Epilepsy Behav 2004;5(Suppl. 3):S10–7.
[18] Hermann B, Jones J, Dabbs K, Allen CA, Sheth R, Fine J, et al. The frequency, compli-
cations and aetiology of ADHD in new onset paediatric epilepsy. Brain 2007;130:
3135–48.

[19] Biederman J, Monuteaux MC, Mick E, Spencer T, Wilens TE, Silva JM, et al. Young
adult outcome of attention deficit hyperactivity disorder: a controlled 10-year
follow-up study. Psychol Med 2006;36(2):167–79.

[20] Gross-Tsur V, Manor O, van der Meere J, Joseph A, Shalev RS. Epilepsy and attention
deficit hyperactivity disorder: is methylphenidate safe and effective? J Pediatr 1997;
130(4):670–4.

[21] Tan M, Appleton R. Attention deficit and hyperactivity disorder, methylphenidate,
and epilepsy. Arch Dis Child 2005;90(1):57–9.

[22] Pliszka S, Bernet W, Bukstein O, Walter HJ, Arnold V, Beitchman J, et al. Practice
parameter for the assessment and treatment of children and adolescents with
attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry 2007;
46(7):894–921.

[23] Physician's desk reference. Thomson PDR; 2007.
[24] Gonzalez-Heydrich J, Whitney J, Waber D, Forbes P, Hsin O, Faraone SV, et al.

Adaptive phase I study of OROS methylphenidate treatment of attention deficit
hyperactivity disorder with epilepsy. Epilepsy Behav 2010;18(3):229–37.

[25] Santos K, Palmini A, Radziuk AL, Rotert R, Bastos F, Booij L, et al. The impact of
methylphenidate on seizure frequency and severity in children with attention-
deficit–hyperactivity disorder and difficult-to-treat epilepsies. Dev Med Child
Neurol 2013;55(7):654–60.

[26] Yoo HK, Park S,Wang HR, Lee JS, Kim K, Paik KW, et al. Effect of methylphenidate on
the quality of life in children with epilepsy and attention deficit hyperactivity
disorder: and open-label study using an osmotic-controlled release oral delivery
system. Epileptic Disord 2009;11(4):301–8.

[27] Baptista-Neto L, Dodds A, Rao S, Whitney J, Torres A, Gonzalez-Heydrich J. An expert
opinion onmethylphenidate treatment for attention deficit hyperactivity disorder in
pediatric patients with epilepsy. Expert Opin Investig Drugs 2008;17(1):77–84.

[28] van der Feltz-Cornelis CM, Aldenkamp AP. Effectiveness and safety of methylpheni-
date in adult attention deficit hyperactivity disorder in patients with epilepsy: an
open treatment trial. Epilepsy Behav 2006;8(3):659–62.

[29] Moore JL, McAuley JW, Long L, Bornstein R. An evaluation of the effects of methyl-
phenidate on outcomes in adult epilepsy patients. Epilepsy Behav 2002;3(1):92–5.

[30] Hemmer SA, Pasternak JF, Zecker SG, Trommer BL. Stimulant therapy and seizure
risk in children with ADHD. Pediatr Neurol 2001;24(2):99–102.

[31] Swanson J, Nolan W, Pelham W. The SNAP-IV rating scale. http://www. adhd.net;
1992.

[32] Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. Schedule for Affective
Disorders and Schizophrenia for School-Age Children—Present and Lifetime Version
(K-SADS-PL): initial reliability and validity data. J Am Acad Child Adolesc Psychiatry
1997;36(7):980–8.

[33] Wechsler D. WISC-III: Escala de Inteligência Wechsler para Crianças. Casa do
Psicólogo; 2002.

[34] World Health Organization. The ICD-10 Classification ofMental and Behavioural Dis-
orders: diagnostic criteria for research. WHO; 1993.

[35] Hoare P, Russell M. The quality of life of children with chronic epilepsy and their
families: preliminary findings with a new assessment measure. Dev Med Child
Neurol 1995;37(8):689–96.

[36] Maia Filho Hde S, Hoare P, Gomes Mda M. Validation of a Portuguese version of a
generic health quality-of-life questionnaire for children with neurological and
neuropsychiatric disorders, including epilepsy. Epilepsy Behav 2006;9(3):503–9.

[37] Carpay HA, Arts WF, Vermeulen J, Stroink H, Brouwer OF, Peters AC, et al. Parent-
completed scales for measuring seizure severity and severity of side-effects of
antiepileptic drugs in childhood epilepsy: development and psychometric analysis.
Epilepsy Res 1996;24(3):173–81.

[38] Barkley RA, McMurray MB, Edelbrock CS, Robbins K. Side effects of methylphenidate
in children with attention deficit hyperactivity disorder: a systemic, placebo-
controlled evaluation. Pediatrics 1990;86(2):184–92.

[39] Choi-Kwon S, Chung C, Kim H, Lee S, Yoon S, Kho H, et al. Factors affecting the quality
of life in patients with epilepsy in Seoul. S Kor Acta Neurol Scand 2003;108(6):
428–34.

[40] Fosi T, Lax-Perical MT, Scott RC, Neville BG, Aylett SE. Methylphenidate treatment of
attention deficit hyperactivity disorder in young people with learning disability and
difficult-to-treat epilepsy: evidence of clinical benefit. Epilepsia 2013;54(12):
2071–81.

http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0005
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0005
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0010
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0010
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0015
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0015
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0015
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0020
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0020
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0020
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0025
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0025
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0025
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0030
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0030
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0030
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0035
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0035
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0040
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0040
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0045
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0045
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0045
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0045
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0050
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0050
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0055
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0055
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0055
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0060
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0060
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0060
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0065
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0065
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0065
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0070
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0070
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0075
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0075
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0075
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0080
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0080
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0080
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0085
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0085
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0090
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0090
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0090
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0095
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0095
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0095
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0100
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0100
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0100
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0105
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0105
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0110
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0110
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0110
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0110
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0190
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0115
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0115
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0115
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0120
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0120
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0120
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0120
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0125
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0125
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0125
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0125
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0130
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0130
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0130
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0135
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0135
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0135
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0140
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0140
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0145
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0145
http://www.%20adhd.net
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0150
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0150
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0150
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0150
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0210
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0210
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0160
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0160
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0165
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0165
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0165
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0200
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0200
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0200
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0170
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0170
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0170
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0170
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0175
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0175
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0175
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0180
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0180
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0180
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0205
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0205
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0205
http://refhub.elsevier.com/S1525-5050(15)00075-X/rf0205

	Methylphenidate improves the quality of life of children and adolescents with ADHD and difficult-�to-�treat epilepsies
	1. Introduction
	2. Methods
	2.1. Subjects and methods
	2.2. Statistical analyses

	3. Results
	3.1. Seizure frequency and severity
	3.2. ADHD symptoms
	3.3. Dosage of methylphenidate
	3.4. Quality of life

	4. Discussion
	Funding
	Acknowledgments
	References


