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We present data on a 10-year-old patient with drug-resistant epilepsy who was treated with methylphe-
nidate for symptoms of attention deficit hyperactivity disorder (ADHD) that developed after she under-
went surgical resection of a left frontal cortical dysplasia. . The patient’s parents reported
methylphenidate was helpful in improving their child’s reading performance. Based on parents’ report,
we examined benefits of methylphenidate on our patient’s cognitive problems in a controlled setting.
The patient underwent a neuropsychological evaluation completed in three sessions over a five-day per-
iod. Methylphenidate was administered prior to the second testing session only and was associated with
improvements in the patient’s attention, executive function, processing speed, and short-term memory
performances. In comparison, word-reading performance, a task less susceptible to neurological impair-
ment, was stable over the three sessions. The patient remained seizure-free after surgery and use of
methylphenidate did not reduce seizure threshold. These findings support the use of methylphenidate
in treating targeted cognitive problems associated with ADHD emerging after epilepsy surgery in
children.

� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction.

Attention deficit hyperactivity disorder (ADHD) affects up to a
third of children with epilepsy [1–4]. Young people with comorbid
epilepsy and ADHD exhibit more severe cognitive difficulties than
their peers with ADHD alone [5,6]. Frontal lobe epilepsy is the sec-
ond most common form of focal epilepsy [7]. One study indicated
that pediatric patients with frontal lobe epilepsy are at higher risk
for being diagnosed with ADHD than patients with other epilepsy
types [7]; however, other studies have not supported this finding
[4,8–11]. Patients with frontal lobe epilepsy and current abnormal
EEG discharges are at higher risk of having ADHD than those with-
out EEG discharges, either due to transient frontal lobe dysfunction
resulting from interictal abnormalities or frank cortical injury [12].
Within ADHD population studies, evidence suggests that children
with epilepsy are more commonly diagnosed with predominantly
inattentive type [4,8,13], which often includes problems with
attention, executive function, information processing speed, and
short-term memory. Further, cognitive difficulties including those
associated with ADHD may be exacerbated by epilepsy-related
sequelae, including commonly prescribed antiseizure medications
(ASMs) [14] and sleep difficulties [15].

Following pediatric epilepsy surgery, ADHD symptoms may
remain or emerge de novo [8]. Among pediatric epilepsy surgical
patients, researchers found attention problems to be more com-
mon in children undergoing frontal lobe resections than those
undergoing temporal or multi-lobar excisions [16,17], although
attention deficits can emerge as sequelae of nearly any surgical
brain procedure. Despite the elevated frequency of attention
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problems in pediatric patients following epilepsy surgery, few data
exist to support or refute the safety and efficacy of stimulant med-
ication after surgery [8].

Methylphenidate is a frontline treatment for ADHD, is safe and
effective for patients with epilepsy [18] and can contribute to
improvements in their quality of life [19,20]. However, use of
methylphenidate in the context of epilepsy is not helpful for every-
one and may increase seizure frequency, particularly at higher
dosages [19,21,22], and may worsen EEG findings [23]. Therefore,
these patients require close monitoring, especially if seizures are
not well controlled and/or there is a history of status epilepticus
or frequent generalized seizures. Our pediatric case study high-
lights the potential benefits of using methylphenidate to manage
common ADHD symptoms that can develop following epilepsy
surgery.
2. Methods.

We conducted a post-surgical neuropsychological evaluation
with our patient approximately one-year following epilepsy sur-
gery to examine the effectiveness of methylphenidate on targeted
ADHD symptoms. The evaluation was conducted in three sessions
over a five-day period. The patient was administered methylpheni-
date during the second testing session only as part of an N-of-one
trial with an A-B-A research design. Cognitive areas of interest
were those commonly problematic in individuals with ADHD,
including attention, executive function, processing speed, and
short-term memory. As a point of comparison, we included an
untimed word-reading task during each session because this skill
is more stable and less susceptible to neurological injury/disease
[24]. We compared the patient’s performances across the three
testing sessions using standard deviation (SD) change as has been
done in previous studies [25,26]. Within this context, a change
between one and two SDs was considered mild to moderate and
a change of two SDs or greater was considered clinically signifi-
cant. In addition, we reviewed the patient’s presurgical workup,
surgical procedure, and outcome following surgery.
3. Results: Case presentation.

3.1. Patient demographics and disease-specific factors

Our patient was diagnosed with drug-resistant epilepsy at nine
years of age. She was born following a 42-week, uncomplicated
pregnancy weighing eight pounds. Maternal tobacco use was
reported during pregnancy. No problems were reported with peri-
natal course. Developmental motor milestones were achieved
within age-level expectations and speech/language skills were
delayed. At age nine, the patient began experiencing frequent focal
seizures with alteration of awareness that included staring, unre-
sponsiveness, and hypermotor activity lasting 10–30 seconds.
The frequency of the episodes increased acutely up to 40 times
per day. Postictal features included amnesia for what she was
doing immediately prior to the episode. No family history of sei-
zures was reported. Past medical history included irritable bowel
syndrome. Following the patient’s presentation of seizures, she
was rapidly up-titrated on several ASMs including phenytoin,
oxcarbazepine, and lamotrigine. None of these controlled her sei-
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zures; although frequency decreased somewhat, the seizures con-
tinued to occur daily.

3.2. Presurgical functional status

Our patient was in the third grade when she presented for
presurgical evaluation. She had received special education services
through an Individualized Education Plan under the category of
speech/language impairment in pre-kindergarten and kinder-
garten, which provided her with speech/language therapy in
school. She had not since received any formal academic support
services. The patient’s mother reported that her daughter was an
A-B student prior to seizure onset and began having more trouble
at the start of her third-grade year. According to her most recent
report card prior to surgery, the patient was earning Cs in all
classes. Math was an area of long-standing difficulty. Mild con-
cerns were reported by her teacher regarding inattention, but these
were believed to be due to seizure activity during class.

3.3. Presurgical epilepsy evaluation

During the patient’s clinical evaluation, the electroencephalo-
gram (EEG) demonstrated focal epileptiform discharges arising
from the left frontal polar region (Figs. 1a and 1b). A three-Tesla
brain magnetic resonance imaging (MRI) scan showed focal corti-
cal dysplasia described as an area of non-enhancing, hyperintense
signal in the cortex and underlying white matter in the anterome-
dial inferior left frontal lobe. Evidence of abnormal cortical thick-
ening, blurring of the gray-white junction, and mild local mass
effect was noted (Figs. 2a and 2b). Results of a positron emission
tomography (PET) scan revealed an area of focal, subtle hypometa-
bolism corresponding to the cortical dysplasia identified on MRI
(Fig. 3). Single-photon emission computed tomography (SPECT)
findings were non-contributory.

3.4. Presurgical neuropsychological evaluation results

The patient underwent a comprehensive neuropsychological
evaluation as part of her presurgical workup. Findings from the
assessment indicated that her intellectual functioning was in the
low average range, with evenly developed verbal and nonverbal
abilities. Her attention, processing speed, short-term memory,
and word-reading skills were within the broad average range
(Table 1).

3.5. Surgical procedure

The patient underwent surgical resection of the left frontal cor-
tical dysplasia to address her seizures at age nine years old. Post-
surgical pathology indicated type IIb cortical dysplasia. Following
surgery, the patient was seizure-free (Engel’s Class I outcome)
and was weaned off all ASMs three months following surgery.

A post-operative brain MRI revealed findings consistent with
her resection, with a subjacent anterior medial area of encephalo-
malacia in the left frontal lobe and minimal subdural hemorrhage
adjacent to this site (Figs. 4a and 4b). A postsurgical EEG was
abnormal due to infrequent sharp-and-slow wave discharges seen
over the left frontal region in addition to left frontal delta slowing
under a breach rhythm.
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3.6. Post-surgical outcome

During her most recent postsurgical neurological examination,
the patient presented as alert and interactive with a normal level
of activity for her age. Qualitatively, she exhibited normal verbal
output, eye contact, and nonverbal interactions. Her physical
examination was within normal limits for her age. Over the course
of the examination, the patient’s parents reported major concerns
about her attention and memory problems following surgery that
were disrupting daily functioning. Attention problems reported
by parents resulted in a diagnosis of ADHD, predominantly inatten-
tive type, and her neurologist (DCT) prescribed methylphenidate
(10 mg per day) and recommended neuropsychological testing.
After starting methylphenidate, the patient’s parents reported dra-
matic improvements in her attention that resulted in her reading
skill improving an entire grade level at school.

As a result of the patient’s dramatic improvement, we sought to
empirically validate parents’ report with the current study. The
study was a multidisciplinary and interdisciplinary collaboration
that included the patient’s neurologist (DCT), a developmental
pediatrician (DO), and neuropsychology team (DJB, KEO, DLD, &
DWL). Together, we conducted an N-of-one trial to assess
medication-related performance changes using an A-B-A research
design.

3.7. Post-surgical neuropsychological evaluation

The patient underwent a comprehensive neuropsychological
evaluation over three sessions within a consecutive five-day period
approximately one year after surgical resection of the left frontal
dysplastic area (age 10 years old). Session one established a base-
line on tasks of relevance (i.e., attention, executive function, pro-
cessing speed, and short-term memory), session two assessed the
immediate treatment effects of methylphenidate, and session three
reassessed the patient after discontinuing methylphenidate. Initial
findings indicated the patient’s overall intellectual ability was
within the low average range with equally developed verbal and
nonverbal skills, consistent with presurgical evaluation findings.

To examine the effects of methylphenidate on the patient’s cog-
nitive skills, multiple measures were used. She was assessed with
the Conners’ Continuous Performance Test, Third Edition (CPT-3)
[27]. The CPT-3 is a well-established, computerized test and con-
sidered a gold-standard tool for assessing sustained attention/ex-
ecutive function skills, including inattentiveness, impulsivity, and
vigilance, though some studies have found limitations in earlier
versions of the measure’s ability to predict behavior in real-
world milieus [28–30]. One study [30], however, found that omis-
sion errors and variable response times clearly differentiated chil-
dren with ADHD from healthy controls on the second edition
Conners’ Continuous Performance Test (CPT-II) [31].

Processing speed was assessed with the Coding subtest of the
Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V)
[32]. Coding is a timed task (120 seconds) that requires the exam-
inee to draw a symbol that corresponds to a number as quickly as
possible without making mistakes. According to Wechsler [32], the
task assesses processing speed, as well as ‘‘short-term visual mem-
ory, procedural and incidental learning ability, psychomotor speed,
visual perception, visual-motor coordination, visual scanning abil-
ity, cognitive flexibility, attention, concentration, and motivation.”
3

Due to the lack of available pediatric memory measures with
alternative forms, and the likelihood of practice effects if the same
memory measures are repeated over a short time period, short-
term memory was examined using three distinct, but similar ver-
bal memory measures. These included the Story Memory subtest
from the Wide Range Assessment of Memory and Learning, Second
Edition (WRAML-2) [33], Instructions subtest from the Child and
Adolescent Memory Profile (ChAMP) [34], and Stories subtest from
the Children’s Memory Scale (CMS) [35]. All three of these mea-
sures are commonly used in pediatric neuropsychological evalua-
tions to assess immediate (i.e., short-term), contextualized verbal
memory. In this context, immediate verbal memory is conceptual-
ized as the ability to hold and organize auditory-verbal informa-
tion in mind for a short period of time until it needs to be
recalled [35].

As a point of comparison, we included a word-reading task dur-
ing each test session (Woodcock-Johnson Tests of Achievement,
4th Edition (WJ-IV), Letter-Word Identification, Forms A & B)
[36]. Word-reading tasks have been found to be more stable and
less susceptible to neurological damage when compared to tasks
that tap online, in-the-moment information processing skills such
as processing speed and attention [24].

3.8. Observations & analyses

To assess for statistically significant changes in the patient’s
performance on attention/executive function and processing speed
tasks, we examined standard deviation change in the patient’s test
performance among the three evaluation sessions as has been done
in prior research [25,26]. A one-standard deviation change was
interpreted as mild to moderate, and a two-standard deviation or
greater change was interpreted as significant. Standard deviation
change in performance could not be calculated for short-term ver-
bal memory because different verbal memory measures were used.
Thus, findings in this domain are discussed qualitatively.

Examiner observations of the patient over the testing sessions
included increased distractibility and fidgetiness when not medi-
cated (sessions one and three) compared to when medicated (ses-
sion two). Otherwise, the patient was motivated to perform well
and put forth good effort. There was no indication of validity
issues; results were considered valid.

Analyses of test data indicated improvements of relative to sig-
nificant magnitude in the patient’s performance associated with
methylphenidate use (Tables 2-4) across all experimental tasks.
On the CPT-3 (Table 2), improvements were seen in detectability
(i.e., ability to differentiate between targets and non-targets), num-
ber of missed targets (i.e., omission errors), perseveration errors,
hit reaction time (i.e., response speed), response speed inconsis-
tency (i.e., hit reaction time standard deviation), and variability
of response speeds across sub-blocks of the test (i.e., variability).
A similar trend was seen in the patient’s processing speed skill
(WISC-V Coding) (Table 3); however, the difference was only sig-
nificant between sessions two and three.

Qualitative comparison of the patient’s performance on three
different verbal memory tasks (i.e., WRAML-2 Stories; ChAMP
Instructions; CMS Stories) (Table 4) suggested that her short-
term memory improved when she was treated with methylpheni-
date compared to when she was not. Compared to the patient’s
performance across the three trials on the experimental tasks,
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her performance on a word-reading task (WJ-IV Letter-Word Iden-
tification) remained stable over the three test sessions (Table 5).
Fig. 1a. Interictal EEG presented as local reference montage (Laplacian).
4. Discussion.

Overall, neuropsychological findings from our study suggest a
positive effect of methylphenidate on performance in areas of sus-
tained attention, executive function, processing speed, and short-
term verbal memory, which is consistent with findings from previ-
ous studies indicating that methylphenidate improves perfor-
mance in these areas in individuals with epilepsy [22,37]. In
comparison, methylphenidate did not affect performance on a
word-reading task, a finding that is in line with research indicating
that this skill is more stable than skills of interest in our study [24].
Our patient was only prescribed 10 mg of methylphenidate, sup-
porting prior research showing that low to moderate doses of
methylphenidate are safe and effective at reducing ADHD symp-
toms and improving quality of life in pediatric patients with
difficult-to-treat-epilepsies [18,38–40]. Furthermore, our findings
indicated methylphenidate can be beneficial for patients following
epilepsy surgery despite continued abnormal EEG findings. Never-
theless, methylphenidate use may increase seizure frequency
[19,21,22,41–43] and worsen EEG results [23]. Therefore, we rec-
ommend closely monitoring these patients when prescribing
methylphenidate or other stimulants.

An additional reason for closely monitoring pediatric epilepsy
patients treated with methylphenidate is the myriad factors that
may contribute to problems in these individuals, which differ
when compared to those seen in children with ADHD alone. For
example, ictal and interictal epileptiform discharges alike can con-
tribute to altered attentional processing [44,45]. Certain ASM’s,
such as benzodiazepines and decarboxylase inhibitors can affect
attention as well [46,47]. Sleep problems are a common comorbid-
ity in patients with epilepsy [15] and can result in difficulty with
alertness and attention. As in the current case, attention problems
can appear or worsen after undergoing neurosurgical intervention
[48,49]. Therefore, prior to prescribing methylphenidate a compre-
hensive neurological examination is necessary, including EEG and
a thorough behavioral analysis.

In general, treatment of pediatric ADHD should follow estab-
lished guidelines [50], which consist of monitoring the effect of
stimulant medications on the changes in core ADHD symptoms.
Following this approach, clinicians should gather repeated rating
scales of behavior while their patients take stimulants. This can
be an onerous task, and most often is not completed [51], which
leaves medication titration essentially unmeasured.

A unique aspect of our study is that we were able to empirically
validate parents’ subjective report of methylphenidate-related
improvements in their child’s reading ability with respect to atten-
tion. Children with epilepsy who have ADHD often improve [43] on
stimulant medication, but rarely report such a specific improve-
ment as the one seen here. This may be due to the location of
our patient’s dysplasia within the frontal lobe and the role this
brain region plays in attention during reading. Additionally, our
study demonstrated that methylphenidate can be used to success-
fully treat cognitive problems associated with ADHD in pediatric
patients following epilepsy surgery without lowering seizure
threshold. Another strength of the current study is that it supports
the use of multidisciplinary and interdisciplinary team approaches
when treating patients diagnosed with epilepsy, especially more
complex patients with comorbid diagnoses. Specifically, our
patient’s care required the expertise of a pediatric neurologist, a
developmental pediatrician, and neuropsychologists.

Our study also has limitations. First, it examines a single sub-
ject, which limits generalizability of findings. Next, practice effects
4

may have played a role in our findings on sustained attention/ex-
ecutive function and processing speed tasks. However, despite
the possible confounding influence of practice effects, the patient’s
attention, executive function, and processing speed performances
declined on the third evaluation session, adding further support
to the effectiveness of methylphenidate in improving these skills.
Another weakness of our study pertains to the use of three differ-
ent verbal memory measures, making direct examination of per-
formance changes across the three time points less precise. It is,
however, noteworthy that the pattern of the patient’s performance
is similar to performances seen on other tasks of interest in the
current study, as well as findings in another study examining
short-term verbal memory in adults treated with methylphenidate
[37]. Future research in this area should include adequately pow-
ered, prospective studies that account for lesion location, neuro-
surgical history, EEG findings, and varying seizure types when
examining the effect of methylphenidate on seizure activity in
pediatric patients with epilepsy.

In conclusion, findings from our study highlight the potential
for emergence of ADHD after epilepsy surgery and support previ-
ous research advocating the measured use of stimulants to treat
ADHD patients with epilepsy. Additionally, in our patient we found
that post-operative cognitive problems, including attention, execu-
tive function, processing speed, and short-term memory may be
successfully managed with methylphenidate without seizure
aggravation. Although further research is needed to validate these
results, it is our hope that more information will emerge as more
clinicians consider using methylphenidate to address cognitive
symptomatology of ADHD following epilepsy surgery.
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Fig. 1b. Ictal EEG presented as local reference montage (Laplacian). EEG compressed to demonstrate 33 second epoch (dark green vertical lines represent 1 second).

Fig. 2a. Pre-surgical T1 MRI demonstrating left frontal cortical thickening.

Fig. 2b. Lesion to be removed highlighted with red markings.

Fig. 3. Fluorodeoxyglucose-positron emission tomography (PET) demonstrating hypometabolism in left frontal pole.
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Fig. 4a. Post-surgery T1 MRI.

Fig. 4b. Post-surgery T1 MRI (after skull stripping).
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Appendix B
Table 1
Standard scores of presurgical neuropsychological evaluation findings in areas of attention, processing speed, short-term verbal memory, and word reading.

Measure Description Standard Score

WISC-V Digit Span Auditory-verbal attention and working memory 85
WRAML-2 Finger Windows Visual-spatial attention and working memory 90
WISC-V Coding Processing speed 100
WRAML-2 Story Memory, Immediate Short-term verbal memory 100
WJ-IV Letter-Word Identification (Form A) Single-word reading 95

Standard scores (M = 100; SD = 15); higher scores = better performance.

Table 2
T-Scores for attention performance across the three sessions. Performance differences between sessions 1 (unmedicated) and 2 (medicated) are displayed in the first block.
Performance differences between sessions 2 (medicated) and 3 (unmedicated) are displayed in the second block.

Conners’ Continuous Performance Test-3 Block 1 Block 2

Session 1 Session 2 Difference Session 2 Session 3 Difference

Response Style
Detectability 61* 46 >1SD 46 56y 1SD
Omissions 74** 49 >2SD 49 62* >1SD
Commissions 49 41§ ns 41§ 47 ns
Perseverations 59y 44§ >1SD 44§ 47 ns
Hit RT 57� 51 ns 51 59� ns
Hit RT SD 55y 45 1SD 45 52 ns
Variability 55y 49 ns 49 52 ns
Hit RT Block Change 46 49 ns 49 57y ns
Hit RT ISI Change 49 49 ns 49 53 ns

T-Scores (M = 50; SD = 10); higher scores = poorer performance.
RT: Reaction Time.
*Clinically Elevated; **Very Clinically Elevated; yHigh Average; �A Little Slow; §Low (in occurrence); ns: Non-Significant Difference.
Note: Score differences of one SD or greater were considered mild to moderately significant; score differences of two SDs or greater were considered clinically significant.
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Table 3
Standard scores for processing speed performance across the three sessions. Performance differences between sessions 1 (unmedicated) and 2 (medicated) are displayed in the
first block. Performance differences between sessions 2 (medicated) and 3 (unmedicated) are displayed in the second block.

WISC-V Coding Block 1 Block 2

Session 1 Block 1Session 2 Difference Session 2 Block 2Session 3 Difference

Standard Score 95 105 ns 105 90 1SD

Standard scores (M = 100; SD = 15); higher scores = better performance.
ns: Non-significant difference.
Note: Score differences of one SD or greater were considered mild to moderately significant.

Table 4
Standard scores for short-term verbal memory performance across the three sessions.

Measure Session 1 Session 2 Session 3

WRAML-2 Stories 85 - -
ChAMP Instructions - 100 -
CMS Stories - - 90

Standard scores (M = 100; SD = 15); higher scores = better performance
Note: Differences in performance across the three sessions could not be quantita-
tively examined due to use of different measures.

Table 5
Standard scores for word reading performance across the three sessions.

WJ-IV Letter-Word Identification Session 1 Session 2 Session 3

Form A 102 - -
Form B - 97 -
Form A - - 100

Standard scores (M = 100; SD = 15); higher scores = better performance.
Note: There were no significant differences in word-reading performance across the
three time points.

D.J. Bearden, S. Shakil, D. O’Banion et al. Epilepsy & Behavior Reports 16 (2021) 100435
References

[1] Reilly C et al. Neurobehavioral comorbidities in children with active epilepsy: a
population-based study. Pediatrics 2014;133(6):e1586–93.

[2] Russ SA, Larson K, Halfon N. A national profile of childhood epilepsy and
seizure disorder. Pediatrics 2012;129(2):256–64.

[3] Cohen R et al. Prevalence of epilepsy and attention-deficit hyperactivity
(ADHD) disorder: a population-based study. J Child Neurol 2013;28(1):120–3.

[4] Hermann B et al. The frequency, complications and aetiology of ADHD in new
onset paediatric epilepsy. Brain 2007;130(Pt 12):3135–48.

[5] Lee SE et al. Differences in memory functioning between children with
attention-deficit/hyperactivity disorder and/or focal epilepsy. Child
Neuropsychology 2016;22(8):979–1000.

[6] MacAllister WS et al. Neuropsychological endophenotypes in ADHD with and
without epilepsy. Applied Neuropsychology: Child 2012;1(2):121–8.

[7] Parisi P et al. Attention deficit hyperactivity disorder in children with epilepsy.
Brain and Development 2010;32(1):10–6.

[8] Dunn DW et al. ADHD and epilepsy in childhood. Dev Med Child Neurol
2003;45(1):50–4.

[9] Almane D et al. The social competence and behavioral problem substrate of
new-and recent-onset childhood epilepsy. Epilepsy Behav 2014;31:91–6.

[10] Jackson DC et al. The neuropsychological and academic substrate of new/
recent-onset epilepsies. The Journal of pediatrics 2013;162(5):1047–53.

[11] Jones JE et al. Psychiatric comorbidity in children with new onset epilepsy. Dev
Med Child Neurol 2007;49(7):493–7.

[12] Zhang D-Q et al. Clinical observations on attention-deficit hyperactivity
disorder (ADHD) in children with frontal lobe epilepsy. J Child Neurol
2014;29(1):54–7.

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

[14] Glauser TA et al. Ethosuximide, valproic acid, and lamotrigine in childhood
absence epilepsy. N Engl J Med 2010;362(9):790–9.

[15] Ekinci O et al. Understanding sleep problems in children with epilepsy:
associations with quality of life, attention-deficit hyperactivity disorder and
maternal emotional symptoms. Seizure 2016;40:108–13.

[16] Helmstaedter C et al. Neuropsychological consequences of epilepsy surgery in
frontal lobe epilepsy. Neuropsychologia 1998;36(4):333–41.

[17] Beattie JF et al. Neuropsychological consequences of sleep disturbance in
children with epilepsy. Epilepsy Behav 2016;57(Pt A):118–23.

[18] Auvin S et al. Systematic review of the screening, diagnosis, and management
of ADHD in children with epilepsy. Consensus paper of the Task Force on
Comorbidities of the ILAE Pediatric Commission. Epilepsia 2018;59
(10):1867–80.
7

[19] Gonzalez-Heydrich J et al. Adaptive phase I study of OROS methylphenidate
treatment of attention deficit hyperactivity disorder with epilepsy. Epilepsy
Behav 2010;18(3):229–37.

[20] Yoo HK et al. Effect of methylphenidate on the quality of life in children with
epilepsy and attention deficit hyperactivity disorder. Epileptic Disorders
2009;11(4):301–8.

[21] Koneski JA et al. Efficacy and safety of methylphenidate in treating ADHD
symptoms in children and adolescents with uncontrolled seizures: a
Brazilian sample study and literature review. Epilepsy Behav 2011;21
(3):228–32.

[22] Santos K 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.

[23] Park J et al. Relationship between aggravation of seizures and
methylphenidate treatment in subjects with attention-deficit/hyperactivity
disorder and epilepsy. J Child Adolesc Psychopharmacol 2018;28(8):537–46.

[24] Bright P, van der Linde I. Comparison of methods for estimating premorbid
intelligence. Neuropsychol Rehabilit 2020;30(1):1–14.

[25] Hermann BP et al. Empirical techniques for determining the reliability,
magnitude, and pattern of neuropsychological change after epilepsy surgery.
Epilepsia 1996;37(10):942–50.

[26] Schoenberg MR, Werz MA, Drane DL. Epilepsy and seizures. In: The Little Black
Book of Neuropsychology. Springer; 2011. p. 423–520.

[27] Conners C. Conners Continuous Performance Test 3rd EditionTM. New
York: Multi-Health Systems Inc; 2014.

[28] Edwards MC et al. Estimates of the validity and utility of the Conners’
Continuous Performance Test in the assessment of inattentive and/or
hyperactive-impulsive behaviors in children. J Abnorm Child Psychol
2007;35(3):393–404.

[29] McGee RA, Clark SE, Symons DK. Does the Conners’ continuous performance
test aid in ADHD diagnosis? J Abnorm Child Psychol 2000;28(5):415–24.

[30] Munkvold LH, Manger T, Lundervold AJ. Conners’ continuous performance test
(CCPT-II) in children with ADHD, ODD, or a combined ADHD/ODD diagnosis.
Child Neuropsychology 2014;20(1):106–26.

[31] Conners CK. CPT-II: Continuous Performance Test II: Computer program for
Windows technical guide and software manual. Toronto, ON: Multi-Health
Systems; 2000.

[32] Wechsler, D., Wechsler Intelligence Scale for Children (5th edn)(WISC-V).
2014, Pearson, Bloomington, MN (German version: Petermann F, 2017).

[33] Sheslow, D. and W. Adams, Wide Range Assessment of Memory and Learning
(WRAML). 2003: NCS Pearson.

[34] Sherman, E. and B. Brooks, Memory validity profile (MVP). 2015: Psychological
Assessment Resources, Inc.: Lutz, FL.

[35] Cohen, M., Children’s memory scale. 1997: Psychological Corporation.
[36] Schrank, F.A., et al., Woodcock-Johnson IV Tests of Achievement: Form C. 2014:

Riverside Publishing Company.
[37] Adams J et al. Methylphenidate, cognition, and epilepsy: A double-blind,

placebo-controlled, single-dose study. Neurology 2017;88(5):470–6.
[38] Radziuk AL et al. Methylphenidate improves the quality of life of children and

adolescents with ADHD and difficult-to-treat epilepsies. Epilepsy Behav
2015;46:215–20.

[39] Fosi T et al. 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.

[40] Rheims S et al. ADHD in childhood epilepsy: Clinical determinants of severity
and of the response to methylphenidate. Epilepsia 2016;57(7):1069–77.

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

[42] Kline G. Physicians‘‘ Desk Reference. 61st edition. Montvale, NJ: Thomson PDR;
2007.

[43] Gonzalez-Heydrich J et al. Comparing stimulant effects in youth with ADHD
symptoms and epilepsy. Epilepsy Behav 2014;36:102–7.

[44] Drane DL et al. Interictal epileptiform discharge effects on neuropsychological
assessment and epilepsy surgical planning. Epilepsy Behav 2016;56:131–8.

[45] Ebus S et al. Cognitive effects of interictal epileptiform discharges in children.
Eur J Paediat Neurol 2012;16(6):697–706.

[46] Drane DL, Meador KJ. Cognitive toxicity of antiepileptic drugs. In: Epilepsy and
developmental disorders. Boston: Butterworth-Heinemann; 2002. p. 311–30.

[47] Salpekar JA, Mishra G. Key issues in addressing the comorbidity of attention
deficit hyperactivity disorder and pediatric epilepsy. Epilepsy Behav
2014;37:310–5.

http://refhub.elsevier.com/S2589-9864(21)00009-5/h0005
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0005
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0010
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0010
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0015
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0015
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0020
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0020
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0025
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0025
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0025
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0030
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0030
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0035
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0035
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0040
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0040
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0045
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0045
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0050
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0050
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0055
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0055
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0060
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0060
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0060
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0065
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0065
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0070
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0070
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0075
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0075
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0075
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0080
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0080
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0085
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0085
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0090
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0090
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0090
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0090
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0095
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0095
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0095
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0100
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0100
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0100
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0105
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0105
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0105
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0105
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0110
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0110
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0110
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0115
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0115
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0115
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0120
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0120
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0125
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0125
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0125
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0130
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0130
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0135
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0135
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0135
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0135
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0140
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0140
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0140
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0140
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0145
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0145
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0150
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0150
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0150
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0155
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0155
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0155
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0185
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0185
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0190
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0190
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0190
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0195
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0195
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0195
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0200
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0200
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0205
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0205
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0210
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0210
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0215
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0215
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0220
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0220
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0225
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0225
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0230
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0230
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0235
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0235
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0235


D.J. Bearden, S. Shakil, D. O’Banion et al. Epilepsy & Behavior Reports 16 (2021) 100435
[48] Law N, Kerr E, Smith ML. Evaluation of behavioral outcomes in children 1 year
after epilepsy surgery. Epilepsia 2015;56(10):1605–14.

[49] Williams J et al. Cognition and behavior after temporal lobectomy in
pediatric patients with drug-resistant epilepsy. Pediatr Neurol 1998;19(3).
189–194.41.
8

[50] Wolraich M et al. ADHD: clinical practice guideline for the diagnosis,
evaluation, and treatment of attention-deficit/hyperactivity disorder in
children and adolescents. Pediatrics 2011;128(5):1007–22.

[51] Epstein JN et al. Variability in ADHD care in community-based pediatrics.
Pediatrics 2014;134(6):1136–43.

http://refhub.elsevier.com/S2589-9864(21)00009-5/h0240
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0240
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0245
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0245
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0245
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0250
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0250
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0250
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0255
http://refhub.elsevier.com/S2589-9864(21)00009-5/h0255

	Methylphenidate treatment for cognitive symptoms associated with ADHD in a pediatric epilepsy patient following resection of a left frontal cortical dysplasia
	1 Introduction.
	2 Methods.
	3 Results: Case presentation.
	3.1 Patient demographics and disease-specific factors
	3.2 Presurgical functional status
	3.3 Presurgical epilepsy evaluation
	3.4 Presurgical neuropsychological evaluation results
	3.5 Surgical procedure
	3.6 Post-surgical outcome
	3.7 Post-surgical neuropsychological evaluation
	3.8 Observations & analyses

	4 Discussion.
	Funding:
	Declaration of Competing Interest
	Appendix A
	Appendix B
	References


