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SUMMARY
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assistant professor of
neurology at Lyon’s
University Hospital.

Objective: Attention-deficit/hyperactivity disorder (ADHD) is commonly observed
in children with epilepsy. However, factors associated with the development of
ADHD and which might help to guide its therapeutic management, remain an
issue of debate.
Methods: We conducted a multicenter prospective observational study that included
children, aged 6–16 years, with both epilepsy and ADHD according to Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria. After inclusion, patients entered a 12–16 week follow-up period during which they were either
treated with methylphenidate or they did not receive specific ADHD treatment.
ADHD was evaluated with the ADHD Rating Scale-IV.
Results: One hundred sixty-seven patients were included, of which 91 were seizurefree during the preinclusion baseline period. At inclusion, the ADHD Rating Scale-IV
total score was 30.4  (standard deviation) 9.2, the inattentive subscore was
17.3  4.4, and the hyperactive subscore was 13.2  6.6. We did not detect any difference of ADHD Rating Scale-IV scores across patients’ age or gender, age at epilepsy
onset, epilepsy syndrome, seizure frequency, or number of ongoing antiepileptic
drugs. Methylphenidate was initiated in 61 patients, including 55 in whom a follow-up
evaluation was available. At the last follow-up, 41 patients (75%) treated with methylphenidate and 39 (42%) of those who did not received ADHD therapy demonstrated
≥25% decrease of ADHD Rating Scale-IV total score (p < 0.001). Response to methylphenidate was greater in girls but was not influenced by any epilepsy-related variables.
Significance: We did not detect any epilepsy-related factor associated with the severity of ADHD. Twenty-five percent of patients did not respond to methylphenidate. A
better understanding of the pathologic process that underlies ADHD development in
childhood epilepsy might be required to improve therapeutic strategies.
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Key Points
•
•
•
•
•
•

Because of its impact on quality of life and cognition,
comorbid ADHD represents a key aspect of the management of children with epilepsy
ADHD symptoms are not associated with the underlying epilepsy syndrome, the severity of epilepsy, and/or
the ongoing antiepileptic drugs
Methylphenidate resulted in a clinically significant
decrease of ADHD symptoms in 75% of patients
Response to methylphenidate was greater in girls but
was not influenced by any epilepsy-related variables
Methylphenidate was not associated with increased
risk of seizure relapse
Because of the limitations related to its observational
design, the results of this study will have to be confirmed in a randomized double-blind controlled trial

Attention-deficit/hyperactivity disorder (ADHD) is
observed in about one third of children with epilepsy and
appears as one of the crucial elements of quality of life for
them.1 ADHD significantly contributes to cognitive difficulties,2 and its management has thus emerged as one of the
main priorities in these patients.3 However, factors associated with the development of ADHD and which might help
to guide its therapeutic management remain to be
determined.
Although ADHD might be observed in up to 70% in
children with drug-resistant epilepsy,4 no formal correlation has been established between the presence of ADHD
and the type of epilepsy, the duration of epilepsy, the seizure frequency, the antiepileptic treatments, or the cooccurrence of other psychiatric comorbidities (i.e., mood
or anxiety disorders).2,4,5 Similarly, the clinical determinants of the response to methylphenidate (MPH), the firstline pharmacologic treatment of ADHD with or without
epilepsy,6 remain unknown. Previous studies have shown
that treatment with MPH results in clinically significant
decrease of ADHD symptoms in 60–80% of children with
epilepsy and ADHD.7–13 Although it has been suggested
that efficacy of MPH might be lower in patients with idiopathic generalized epilepsy or in patients with predominantly inattentive subtype ADHD,8 this observation has
not been confirmed by others.7,9 However the sample size
of these studies, which ranged from 12 to 33 patients,7–13
might have been too small to identify factors associated
with response to MPH.
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To address these issues, we studied the clinical determinants of severity of ADHD symptoms and of response to
MPH in a multicenter observational prospective study, into
which 167 children with both epilepsy and ADHD were
either treated with MPH or did not receive specific ADHD
treatment during a 12–16 week follow-up period.

Methods
The study consisted of a prospective observational study
fulfilling the STROBE checklist (see Appendix S2). Registration number was NCT01482026.
Study population
Patients were recruited by 10 French pediatric epilepsy
departments (see Appendix S1) between November 2011
and September 2014, according to the following inclusion
criteria: (1) age ≥6 years and <16 years; (2) patients having
epilepsy according to International League Against Epilepsy (ILAE) classification14 regardless of underlying epilepsy syndrome, seizure frequency, or ongoing antiepileptic
drug treatment; (3) diagnosis of ADHD of Inattentive subtype (ADHD-I) or combined Inattentive/HyperactiveImpulsive subtype (ADHD-C) according to the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) criteria except for the criterion of onset before
age of 715; (4) no ongoing specific ADHD treatment, including methylphenidate and atomoxetine.
ADHD was diagnosed by the treating physician according to the DSM-IV criteria. None of the participating centers used the ADHD Rating Scale-IV as a screening tool
in all patients with epilepsy. According to previous studies
that showed that inattention was the core symptom of
ADHD in children with epilepsy,2,4 patients with ADHD
Hyperactive-Impulsive subtype15 were not included in the
study. Patients with a significant intellectual disability
based on clinical evaluation or using the Wechsler Intelligence Scale for Children-Fourth Edition (WISC IV, IQ
<70) were excluded. Specifically, a clinical evaluation
was performed by the treating neuropediatrician. In
patients suspected of mental retardation, a full neuropsychological evaluation using the WISC-IV was then
performed by a neuropsychologist.
The study has been approved by both the ethics committee (CPP Sud Est II n°2011-042-AM1) and the competent authority (CCTIRS n° 11.530). All patients agreed
to participate in the study and their parents/legal
guardian provided written informed consent prior to
participation in the study.
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Study design
Patients were seen at the inclusion visit and after a 12–
16 week follow-up period. Baseline clinical features were
collected at the inclusion visit, including demographic characteristics (age, gender, and medical history), school difficulties (history of repeated grade), parents’ subjective
judgment of academic progress (i.e., good, average, or poor)
and specific educational program, epilepsy features (type of
epilepsy, age at seizure onset, epilepsy duration, ongoing
antiepileptic drug treatment, and seizure frequency in the
4 weeks before inclusion as determined by patient and/or
parent reports) and characteristics of ADHD (ADHD
subtype according to DSM-IV,15 age at ADHD onset). The
type of epilepsy was classified into five groups according to
ILAE classification14: (1) nonidiopathic focal epilepsy; (2)
idiopathic focal epilepsy, including benign epilepsy with
centrotemporal spikes and Panayiotopoulos syndrome; (3)
childhood absence epilepsy; (4) other genetically determined generalized epilepsies, including juvenile myoclonic
epilepsy and epilepsy with grand mal on awaking; and (5)
other types of epilepsy. For patients who were seizure-free
during the 4-week preceding study entry, investigators were
asked to indicate whether epilepsy was controlled or still
active. Epilepsy was judged as controlled in patients who
achieved a seizure-free period ≥12 months.
According to the inclusion criteria, none of the included
patients received specific ADHD treatment at study entry.
The inclusion visit corresponded to an outpatient visit
planned in the habitual follow-up of the patient during
which the treating physician decided, after discussion with
the patients’ parents, either to introduce MPH or to followup the patient without specific pharmacologic intervention
for ADHD. For patients in whom MPH was initiated, titration and target dose were managed according to French
guidelines,16 with a dosage of 0.3–1.0 mg per kilo either
two to three times per day (short-acting MPH) or once per
day (slow-acting MPH).
Baseline level and evolution of ADHD symptoms were
evaluated with the ADHD Rating Scale-IV, which was
scored at study inclusion and at the end of the follow-up.
The latter quantifies each of the 18 symptoms of ADHD on
a scale of 0–3, with a maximum score of 54 points. Nine of
the 18 items score for inattention, whereas the nine others
assess hyperactivity with a maximum of 27 points each. The
ADHD Rating Scale-IV is correlated with other measures of
ADHD symptoms, including the Clinical Global Impressions-ADHD-Severity.17,18 The patients who were rated
mildly ill demonstrated in average a total score of the
ADHD Rating scale-IV >20, those moderately ill a total
score of the ADHD Rating Scale-IV >30, those markedly ill
a total score of the ADHD Rating Scale-IV >35, and those
severely ill a total score of the ADHD Rating Scale-IV
>40.18 The discriminative value of the scale was validated
in patients without epilepsy,17 and its use as outcome measurement in studies investigating ADHD treatments has

been recommended by the European Medicines Agency.19
ADHD Rating Scale-IV was thus used as the primary endpoint in several clinical trials,20–22 including studies of
MPH in children with epilepsy and ADHD.8 In these trials,
the level of significant clinical response was set at a 25%
reduction in the total score.20,23
AEDs remained unchanged throughout the study and
patients and/or their parents completed daily record cards
on which they logged the number, description, and date of
each seizure.
Statistical analyses
Clinical determinants of ADHD severity at baseline
The association between the total score or the two
sub-scores of the ADHD Rating Scale-IV and patients’
baseline clinical characteristics (i.e., patients’ gender, epilepsy syndrome, active epilepsy, number of ongoing AEDs,
history of repeating grades, and parental estimation of
school performances) was assessed with chi-square or Student’s t-test, where appropriate. Adjustments for multiple
comparisons were made using the Bonferroni method.
Clinical determinants of response to MPH
The differences between the MPH group and the control
group were compared regarding baseline clinical characteristics (i.e., patients’ age, patients’ gender, epilepsy syndrome, age at epilepsy onset, active epilepsy, number of
ongoing AEDs, history of repeating grades, parental estimation of school performances, and type of ADHD), baseline
total score and subscores of the ADHD Rating Scale-IV and
changes in the ADHD Rating Scale-IV total score and
subscores between baseline visit and follow-up visit, using
Fisher exact probability test, chi-square, or Mann-Whitney
U tests, where appropriate. For changes in scores, a 0.05
threshold was considered significant. Adjustments for multiple comparisons were made using the Bonferroni method
for the other comparisons.
The association between the use of MPH and the difference between the ADHD Rating Scale-IV total score at
the end of the follow-up and the baseline score was
assessed using a linear regression model after adjustment
for baseline ADHD Rating Scale-IV total score. Interactions between response to MPH and baseline clinical characteristics were further assessed using a stepwise
approach, where only significant predictors at p < 0.1
were kept in the final model.
Similarly, the association between the number of patients
who demonstrated ≥25% decrease of ADHD Rating ScaleIV total score at the end of the follow-up in comparison with
the baseline score and the use of MPH was assessed using a
logistic regression model after adjustment for baseline
ADHD Rating Scale-IV total score. Interactions between
the response to MPH and baseline clinical characteristics
were further assessed using a stepwise approach, where only
Epilepsia, 57(7):1069–1077, 2016
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significant predictors at p < 0.1 were kept in the final
model.
Risk of seizure aggravation in patients who received MPH
The MPH group and the control group were compared on
the number of patients who were seizure-free during the
4 weeks preceding study entry and for whom the investigator considered that epilepsy was no longer active but who
demonstrated seizure recurrence during the follow-up using
Fisher’s exact probability test. A p-value of <0.05 was considered statistically significant.
Statistical analyses were performed using SPSS version
13.0 software (SPSS Inc., Chicago, IL, U.S.A.).

Results
Baseline clinical characteristics
A total of 168 patients were screened and 167 were
included in the study, including 112 boys (67%) and 55 girls
(33%), with a mean age  standard deviation (SD) of
9.6  2.4 years (Table 1). Absence of significant intellectual disability was based on clinical evaluation in 121
patients (72%), whereas 47 (28%) underwent WISC-IV
evaluation. In these latter patients, the median verbal and
performance IQ scores were 100 (range 59–150) and 90
(range 58–132), respectively.
Epilepsy
Mean age  SD at epilepsy onset was 5.0  3.3 years
(range 0–14 years). The type of epilepsy was unavailable
for four children. Among the other 163 children, 50 (31%)
had nonidiopathic focal epilepsy, 46 (28%) idiopathic focal
epilepsy, 27 (17%) childhood absence epilepsy, 26 (16%)
other forms of genetically determined generalized
epilepsies, and 14 (9%) unclassified epilepsy. Age at epilepsy onset significantly varied across syndromes
(p < 0.001 by Kruskall-Wallis test), with an epilepsy onset
at younger age in patients with nonidiopathic focal epilepsy (4.3  3.2 years) and unclassified epilepsy (2.5 
2.3 years) than in patients with idiopathic focal epilepsy
(6.1  2.9 years), childhood absence epilepsy (5.7  1.9),
or other forms of genetically determined generalized epilepsy (5.4  4.4 years). Epilepsy was considered controlled by the treating physician at study entry in 91
patients (54%), including 36 in whom antiepileptic drug
(AED) treatment was not considered necessary.
Only 35 patients reported seizures during the 4 weeks
preceding study inclusion. In these latter, the median number of seizures during this period was 3.0 (range 1–280),
with a significant variation across epilepsy syndromes
(p = 0.029 by Kruskal-Wallis test). The median number of
seizures during the 4 weeks preceding study inclusion was
thus 2.5 (range 1–80) in children with nonidiopathic focal
epilepsy, 1.5 in those with idiopathic focal epilepsy (range
0–4), 80 in those with childhood absence epilepsy (range
Epilepsia, 57(7):1069–1077, 2016
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50–280), 2.5 in those with other forms of idiopathic generalized epilepsy (range 1–4), and 3 in those with unclassified
epilepsy (1–100).
Attention-deficit/hyperactivity disorder
According to DSM-IV classification, 68 children (42.5%)
had ADHD-I and 92 (57.5%) had ADHD-C. Mean age at
onset of ADHD symptoms was 5.4  1.9 years (range 2–
13 years). In 53 patients (32%), ADHD symptoms preceded
epilepsy onset by 2.8  2.4 years in average. In the remaining patients, ADHD symptoms started in average
2.1  1.8 years after the first seizures. Of interest, age at
onset of ADHD symptoms and delay between onset of
ADHD symptoms and epilepsy significantly varied across
epilepsy syndromes (p = 0.025 and p < 0.001 by KruskalWallis test, respectively). Thus, ADHD symptoms preceded
epilepsy onset by a median delay  interquartile range of
1.08  3.7 years and 0.17  3.6 years in patients with
idiopathic focal epilepsy and in those with other forms of
genetically determined generalized epilepsies, respectively.
In contrast, ADHD symptoms started after epilepsy onset in
patients with nonidiopathic focal epilepsy and unclassified
epilepsy and, with a median delay  interquartile range of
1.71  3.6 years and 3.4  2.7 years, respectively. In
patients with childhood absence epilepsy, ADHD symptoms
started with epilepsy (0.0  1.1 years).
Clinical determinants of severity of ADHD symptoms
At inclusion, the mean  SD ADHD Rating Scale-IV
total score was 30.4  9.2, the inattentive subscore was
17.3  4.4, and the hyperactive subscore was 13.2  6.6.
As shown in Table S1, we did not detect any significant difference of ADHD Rating Scale-IV total score or subscores
across patient age or gender, age at epilepsy onset, epilepsy
syndrome, seizure frequency, or number of ongoing
antiepileptic drugs. Results remained similar when analyses
were reprocessed in the subgroup of patients who received
monotherapy, where the association between ADHD Rating
Scale-IV total score and ongoing AEDs could be tested
(Table S2). No significant association between school difficulties and ADHD severity was observed.
Pharmacologic intervention for ADHD
MPH was initiated at the inclusion visit in 61 patients
(37%), whereas the 106 other patients (63%) were followed
up without specific pharmacologic intervention for ADHD.
As shown in Table 1, the two groups demonstrated similar
baseline characteristics regarding both epilepsy and ADHD,
including the ADHD Rating Scale-IV total score and subscores. There was a trend toward greater likelihood of MPH
treatment for patients with childhood absence epilepsy, with
59% of them receiving MPH in comparison with 28%, 39%,
19%, and 44% of patients suffering with nonidiopathic focal
epilepsy, idiopathic focal epilepsy, other forms of genetically determined generalized epilepsies, and unclassified
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Table 1. Patients’ baseline clinical characteristics

Total, n (%)
Age, mean  SD
Gender (boys), n (%)
Epilepsy
Syndrome, n (%)
Nonidiopathic focal epilepsy
Idiopathic focal epilepsy
Childhood absence epilepsy
Other forms of genetically determined
generalized epilepsies
Others
Unavailable
Age at epilepsy onset, mean  SD
Active epilepsy, n (%)
Number of ongoing AED, n (%)
0
1
2
≥3
AED, n (%)
Sodium valproate
Lamotrigine
Ethosuximide
Topiramate
Carbamazepine/oxcarbazepine
Benzodiazepines
Levetiracetam
Other
School performance, n (%)
History of repeating grades
Parental estimation of school performances
Very good/good
Intermediate
Insufficient/very insufficient
Specific educational program
Yes
No
ADHD
Type, n (%)
ADHD-I
ADHD-C
Age at ADHD onset, mean  SD
ADHD Rating Scale-IV, mean  SD
Total score
Inattentive subscore
Hyperactivity subscore

All patients

Patients followed without specific
pharmacologic intervention for ADHD

Patients in whom MPH was
initiated at study entry

167
9.5  2.4
112 (67)

106 (63)
9.5  2.3
74 (70)

61 (37)
9.6  2.4
38 (62)

50 (30)
46 (28)
27 (16)
26 (16)

36 (34)
28 (26)
11 (10)
21 (20)

14 (23)
18 (30)
16 (26)
5 (8)

14 (8)
4 (2)
5.0  3.3
76 (46)

7 (7)
3 (3)
4.8  3.3
48 (45)

7 (11)
1 (2)
5.3  3.2
28 (46)

36 (22)
86 (52)
38 (22)
7 (4)

21 (20)
57 (54)
21 (20)
7 (6)

15 (25)
29 (47)
17 (28)
0

69 (41)
25 (15)
13 (8)
3 (2)
27 (16)
19 (11)
19 (11)
8 (5)

46 (43)
12 (12)
9 (8)
2 (2)
19 (18)
14 (13)
12 (11)
6 (6)

23 (38)
12 (20)
4 (7)
1 (2)
8 (13)
5 (8)
7 (12)
2 (3)

57 (35)

35 (33)

22 (37)

39 (23)
65 (39)
63 (38)

26 (24)
44 (42)
36 (34)

13 (21)
21 (34)
27 (44)

11 (6)
156 (94)

10 (1)
96 (99)

1 (2)
60 (98)

68 (43)
92 (57)
5.4  1.9

42 (42)
59 (58)
5.3  1.8

26 (44)
33 (56)
5.6  2.1

30.4  9.2
17.3  4.4
13.2  6.6

29.3  8.4
16.7  4.1
12.4  6.2

32.4  10.2
18.1  4.8
14.3  7.2

epilepsy, respectively. However, this association did not
reach statistical significance after correction for multiple
comparisons (p = 0.231). Patients in whom MPH was initiated demonstrated, on average, a slightly higher ADHD Rating Scale-IV total score than the other group, but the
difference did not reach statistical significance after correction for multiple comparisons. Short-acting formulation of
MPH was used in eight patients (13%), whereas the 53
remaining patients were treated with slow-acting MPH. The
median MPH daily dose was 20 mg (range 5–40).

Patients’ follow-up
A total of 160 patients completed the 12–16 week follow-up, including 58 in whom MPH had been initiated at
study entry. However, evaluation of the ADHD Rating
Scale-IV was not adequately performed at the last follow-up
visit in 12 of them, including 4 patients who received MPH.
Overall, the evolution of ADHD Rating Scale-IV could
therefore be evaluated in 148 patients, including 55 patients
in whom MPH had been initiated at study entry and in 93
patients followed up without specific pharmacologic
Epilepsia, 57(7):1069–1077, 2016
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intervention for ADHD. Among the seven patients who did
not complete the study, the study withdrawal was related to
MPH adverse events in two and loss to follow-up in five.
Evolution of ADHD symptoms
As shown in Table 2, the evolution of the ADHD Rating
Scale-IV total score and subscores significantly differed
between patients treated with MPH and those who were followed up without specific pharmacologic intervention for
ADHD. At the last follow-up, patients treated with MPH
thus demonstrated a mean decrease of ADHD Rating ScaleIV total score of 11.8  11.0 points in comparison with
4.4  8.4 points in the control group (p < 0.001). The evolution was similar for inattentive subscore and hyperactive
subscore. Overall, 75% of patients treated with MPH
demonstrated significant clinical response (i.e., ≥25%
decrease of ADHD Rating Scale-IV total score at the end of
the follow-up in comparison with the baseline score) in
comparison with 42% of those who did not receive
any specific pharmacologic intervention for ADHD
(p < 0.001).
After adjustment on the baseline ADHD Rating Scale-IV
total score, the evolution of ADHD Rating Scale-IV total
score at the end of the follow-up in comparison with the
baseline score was associated with treatment with MPH
(p < 0.001), younger age at ADHD onset (p = 0.027), and
diagnostic of idiopathic focal epilepsy (p = 0.017). However, no association between significant clinical response
and the type of epilepsy was observed. Significant clinical
response at the end of the follow-up was thus more frequently observed in girls (odds ratio [OR] 2.48, 95% confidence interval [CI] 1.06–5.79; p = 0.036), in patients who
were treated with MPH (OR 1.71, 95% CI 1.16–2.53;
p = 0.007) and was significantly associated with younger
age at ADHD onset (OR 1.32, 95% CI 1.06–1.65;
p = 0.012). In patients who received MPH, there was no
association either between the evolution of ADHD Rating
Scale-IV total score at the end of the follow-up in comparison with the baseline score and the total daily dose of MPH
(p = 0.178) or between the latter and significant clinical
response (OR 1.07, 95% CI 0.97–1.19; p = 0.17).

Tolerability of MPH
Two patients in whom MPH had been initiated at study
entry withdrew from the study because of adverse events.
Both patients reported symptomatic tachycardia.
Among the patients who were seizure-free at study entry
(n = 91), six demonstrated seizure relapse during the follow-up. Specifically, 4 (12.5%) of the 32 patients (12.5%)
in whom MPH had been initiated demonstrated seizure
recurrence, with a single seizure during the 12–16 week follow-up in one patient, 2 in 2, and 7 in the remaining patient.
In contrast, 2 (3.4%) of the 59 patients who did not receive
any specific pharmacologic intervention for ADHD
reported seizure relapse, with a single seizure in one and
four seizures in the other. However, there was no statistically significant difference in the rate of seizure recurrence
between the two groups of patients (p = 0.191 by Fisher’s
exact test). Among patients with active epilepsy at study
entry, two had clear-cut seizure worsening during the study
period, with a threefold increase of the monthly seizure frequency. One of them received MPH, whereas the other did
not receive any specific pharmacologic intervention for
ADHD.

Discussion
Because of its impact on quality of life and cognitive
functioning, comorbid ADHD represents a key aspect of
the management of children with epilepsy. Our prospective observational study showed the following: (1) there
was no significant association between occurrence and
severity of ADHD symptoms, as assessed by the ADHD
Rating Scale-IV, and the underlying epilepsy syndrome,
the severity of epilepsy, and/or the ongoing antiepileptic
drug regimen; (2) MPH resulted in a clinically significant decrease of ADHD symptoms in 75% of patients;
and (3) proportion of seizure relapse was not significantly different between patients treated with MPH and
those who did not receive any specific pharmacologic
intervention for ADHD.
Several tools have been developed to evaluate the severity of ADHD symptoms in children.24 For clinical

Table 2. Evolution of ADHD symptoms
Patients followed without specific pharmacologic intervention
for ADHD

Total score
Inattentive
subscore
Hyperactivity
subscore

Patients in whom MPH was initiated at study entry

Number of
patients with >25%
reduction, n (%)

Baseline,
mean  SD

Follow-up,
mean  SD

Follow-up,
mean  SD

Evolution,
mean  SD

29.3  8.4
16.8  4.1

24.4  10.3
14.5  5.1

4.4  8.4
2.0  4.9

39 (42)
33 (35)

32.6  9.9
18.1  4.8

20.8  9.5
11.5  5.8

11.8  11.0
6.8  6.3

41 (75)
40 (73)

12.5  6.2

10.0  6.2

2.3  4.5

40 (43)

14.3  7.2

8.4  4.3

6.0  6.6

37 (67)
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Evolution,
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Number of
patients with
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investigations of medicinal products for the treatment of
ADHD, the European Medicines Agency, however, recommends the use of the Connors’ Rating Scales or the ADHD
Rating Scale-IV and scales assessed by clinicians.19 Specifically, the psychometric properties of the ADHD Rating
Scale-IV proved to be sufficiently robust for assessing
ADHD symptom severity in children without epilepsy.17
Based on the cohort reported here, we recently confirmed
the psychometric validity of the ADHD Rating Scale-IV in
children with epilepsy and ADHD, showing a satisfactory
reliability of most items, a good dimensional internal consistency, and good responsiveness of the total score and the
two subscores.25
Our results were in line with previous data that reported,
both in newly diagnosed epilepsy2 and in children with
refractory epilepsy,4 that no formal correlation could be
established between the severity of ADHD and the duration
of epilepsy, the seizure frequency, or the ongoing
antiepileptic drug. However, as reported in childhood
absence epilepsy,26 the risk of developing attention dysfunction might differ across antiepileptic drugs. Because
analysis of the association between the severity of ADHD
and the AED regimen is difficult to interpret in patients taking two or more AEDs, we limited our analysis to the subgroup of patients receiving monotherapy. This approach,
however, reduced the sample size. We therefore could not
exclude that this analysis was underpowered to detect significant differences of ADHD Rating Scale-IV total score
across AEDs.
Other studies reported that ADHD frequently precedes
the occurrence of the first seizure2,27 and showed that
ADHD is a risk factor for the emergence of the seizures.27,28
In the present cohort, ADHD preceded the occurrence of the
first seizure in 32% of patients. Of interest, we observed that
the delay between onset of ADHD symptoms and epilepsy
significantly varied across epilepsy syndromes. On average,
ADHD preceded idiopathic focal epilepsy or other forms of
genetically determined generalized epilepsies, whereas epilepsy onset preceded ADHD in nonidiopathic focal epilepsies or unclassified epilepsy. Although these results might
have been related partly to the variation of age at epilepsy
onset across epilepsy syndromes, they might remain in line
with the view that ADHD and epilepsy might share common
pathophysiologic mechanisms,27,29 especially in genetically
determined epilepsies.
Therapeutic management of ADHD associated with epilepsy relies on the usual therapy of ADHD,6 specifically
MPH.30,31 Some studies have specifically evaluated MPH
in children with epilepsy.7–13 These studies, in which
sample sizes were limited, ranging from 12 to 33 patients,
suggested that the efficacy of MPH is similar to that
described in the general population.32 We also observed
that MPH initiation was associated with a significant
improvement of ADHD symptoms. It should be noted,
however, that, in comparison to the control group and

after adjustment on the baseline score, the size of the
treatment effect remained small, with an OR for clinically
significant response at 1.71 (1.16–2.53). In addition, 25%
of patients did not respond to MPH. We did not observe a
significant association between the MPH daily dose and
the improvement of ADHD symptoms. However, we
could not exclude that some patients might have benefited
from increasing MPH dose.
Although controversial, some studies have suggested that
the use of MPH in children with epilepsy may in some cases
be associated with a dose-dependent increase in seizure frequency, raising the seizure frequency up to 60%.8,33 Furthermore, it was also suggested that receiving MPH may
accelerate the occurrence of seizures in nonepileptic children who present epileptiform abnormalities when EEG is
carried out systematically before the initiation of treatment.34 We observed seizure recurrence in 4 (12.5%) of the
32 patients who were seizure-free at study entry and in
whom MPH had been initiated. Although a similar worsening was observed in a lower proportion of patients who did
not received MPH (3.4%), the difference between the two
groups did not reach statistical significance. However, given
the sample size in both groups, it remained difficult to draw
formal conclusions about the impact of MPH on the risk of
seizure recurrence.
Despite its prospective design and large sample size, our
study had several limitations that should be taken into
account when interpreting the results. Detailed neuropsychological evaluation was not required by the study protocol, and IQ was therefore assessed at the discretion of the
treating physician. In all participating centers, full neuropsychological evaluation is usually performed in patients
in whom mental retardation is suspected. Those patients
with demonstrated IQ <70 were not eligible for inclusion in
the study. However, in the absence of systematic evaluation
of IQ in all included patients, we could not formally exclude
that some of them had IQ <70. Most importantly, the relation between the ADHD severity and the IQ level could not
be evaluated. Consequently, we could not rule out that variations of IQ level across patients and/or epilepsy syndrome
might have represented a confounding factor. Similarly,
EEG data were neither retrieved at baseline nor monitored
during the follow-up. To result in informative data, prospective monitoring of EEG would have required a specific
design that was beyond the scope of the present study. However, a number of studies have suggested that interictal
spikes might negatively impact the cognitive functioning in
children with epilepsy.35 Whether or not severity and/or
evolution of ADHD symptoms during the follow-up were
associated with the abundance of interictal spikes remained
therefore an important open question. Similarly, distinction
between seizure-related disturbance of attention and comorbid ADHD might be challenging, especially in patients with
childhood absence epilepsy. In these latter, inattention
might thus primarily reflect frequent absence seizures rather
Epilepsia, 57(7):1069–1077, 2016
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than comorbid ADHD. Baseline seizure frequency over the
last 3 months was retrospectively assessed at study entry, a
design that might have impacted the interpretability both of
the relation between ADHD symptoms and the seizure frequency and of evolution of seizure frequency under MPH
therapy. Some children might have undergone behavioral
interventions. However, this information was not retrieved
during the follow-up. The present study includes the largest
cohort of children with epilepsy in whom the efficacy of
MPH on ADHD symptoms was prospectively evaluated.
However, MPH was initiated at the discretion of the treating
physician. Although the data retrieved during the study were
not sufficiently detailed to allow a formal analysis, noninitiation of MPH might have been related primarily to the
reluctance of the physician, the parents, or both to use this
drug because of their worry of drug-related adverse events.
Furthermore, the follow-up was performed using an openlabel design. As a matter of fact, patients in whom MPH was
initiated demonstrated, on average, a slightly higher ADHD
Rating Scale-IV total score than the other group. Similarly,
the distribution of epilepsy syndromes between the two
groups of patients was not balanced, with children with
childhood absence epilepsy being more likely to be treated
with MPH than those suffering from another type of epilepsy. Both the internal validity and the external validity of
the results were thus limited and the level of evidence
regarding the efficacy of MPH in this population was low.
Accordingly, a randomized double-blind controlled trial is
required to formally address this issue.
Overall, we did not detect any epilepsy-related factor
associated with the severity of ADHD or with a clinically
significant response to MPH. Although MPH was efficacious in a majority of patients, one fourth of children did not
respond to therapy. Considering the impact of ADHD on
quality of life in children with epilepsy, development of
alternative and/or complementary therapeutic strategies to
MPH is therefore an important issue. However, a better
understanding of the pathologic process that underlies
ADHD development in childhood epilepsy might be
required to unravel specific therapeutic target.
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