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ABSTRACT
Objective: Attention-deficit/hyperactivity disorder (ADHD) is the most common 
neurodevelopmental disorder in childhood, however few studies have investigated epileptic 
seizures and electroencephalographic abnormalities in children with ADHD. The aim of this 
study was to explore the occurrence of epileptiform discharges in children with ADHD. 

Method: We enrolled children with ADHD who visited the neurology clinic of our hospital 
between January 2014 and June 2016, all of whom met the DSM-V criteria and underwent 
awake and sleep electroencephalography examinations. We excluded those with histories 
of intellectual disabilities, epilepsy, congenital anomalies and substance abuse. None of the 
patients had a history of seizures before the examination. 

Results: A total of 121 patients were included (93 males, 28 females, mean age 6.9±2.5 years), 
of whom 28 (23.1%) had electroencephalographic abnormalities, including three (10.7%) with 
generalized epileptiform discharges and 25 (89.3%) with focal epileptiform discharges. The 
focal epileptiform discharges were most prevalent from the rolandic area (15/25), followed by 
the parietal area (5/25), frontal area (4/25) and occipital area (1/25). Fourteen (50%) of the 28 
patients had abnormal electroencephalographic findings only during sleep recordings. 

Conclusions: Electroencephalographic focal abnormalities were found in 23.1% of our 
patients, of which 50% appeared only during sleep recordings. We suggest that sleep and 
awake electroencephalography recordings should be part of the routine assessment of 
children with ADHD regardless of whether or not they have overt seizures or other neurological 
conditions. In patients who do not respond well to traditional ADHD drugs, treatment for 
paroxysmal electroencephalographic abnormalities may be considered.
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Introduction 

Attention-deficit/hyperactivity disorder 
(ADHD) is one of the most common 
neurodevelopmental disorders in childhood. 
It is characterized by symptoms of inattention, 
hyperactivity, and impulsivity, and occurs in 

3-8% of school-aged children in the general 
population [1,2]. The reported prevalence of 
ADHD varies from 23% to 40% in children 
with epilepsy, compared to 3-6% of the general 
population [3,4]. A number of studies have 
reported a close association between ADHD 
and epilepsy [5-10]. Chou et al. [10] reported 
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diagnosed with ADHD at our early intervention 
clinic or pediatric neurology clinic. Patients with 
any history of intellectual disabilities, epilepsy, 
seizures, substance abuse, congenital anomalies 
or other neurologic disorders were excluded. 
All of the patients met the ADHD criteria 
of the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition. This study was 
approved by the Institutional Review Board of 
our hospital (IRB number: CGH-P105055).

Awake and sleep electroencephalographic 
examinations were performed in all of the 
enrolled children using 16 channel digital 
recording with an international 10-20 electrode 
system. Digital EEGs were recorded for at 
least 60 minutes during wakefulness and sleep. 
Hyperventilation and photic stimulation were 
included. All EEG recordings were interpreted by 
experienced pediatric neurologists and classified 
as being normal or abnormal. We defined 
EEG abnormalities as generalized epileptiform 
discharges and focal epileptiform discharges. 
Epileptiform discharges only occurring during 
sleep were also recorded. The origins of the focal 
epileptiform discharges were further divided into 
rolandic, parietal, frontal and occipital regions.

The chi-square test and independent t-test were 
used for comparison between the normal EEG 
group and the epileptiform group. 

Results

One hundred and twenty-one patients diagnosed 
with ADHD were enrolled in this study, all 
of whom completed awake and sleep EEG 
examinations. Of the 121 patients, 93 (76.9%) 
were male and 28 (23.1%) were female, with 
ages ranging from 3 to 14 years (mean 6.9±2.5 
years). None of them received any stimulant 
medication before. All patients were further 
divided into three ADHD subtypes: 29 (24%) 
were the primarily inattentive type, 3 (2.5%) 
were the primarily hyperactive/impulsive type, 
and 89 (73.5%) were the combined type of 
ADHD. Normal EEG recordings were found 
in 93 (76.9%) of the patients, and abnormal 
recordings in 28 (23.1%). Of the 28 patients 
with abnormal EEG recordings, 7 (25%) were 
the primarily inattentive type, 1 (3.6%) were the 
primarily hyperactive/impulsive type, and 20 
(71.4%) were the combined type of ADHD. The 
proportion of girls in the epileptiform group was 
significantly higher than the normal EEG group 
(P=0.021). There were no significant differences 
in their mean age (P=0.559) and ADHD subtypes 

that the hazard ratio of ADHD in children with 
epilepsy was 2.54 (95% confidence interval [CI], 
2.02-3.18), while the hazard ratio of epilepsy 
in children with ADHD was 3.94 (95% CI, 
2.58–6.03). The coexistence of ADHD and 
epilepsy suggests the possibility of overlapping 
neurodevelopmental pathways. Previous 
studies reported psychostimulants as the first-
line treatment for ADHD children has risk of 
lowering seizure threshold in ADHD children 
with comorbid epilepsy. However, recent studies 
[11,12] have showed that psychostimulants are 
safe and effective in children with ADHD and 
concomitant active seizures or difficult-to treat 
epilepsies, but the choice of therapeutic strategies 
in this population was still controversial. 

Electroencephalography (EEG) has been used to 
evaluate electrical activity in the brain for some 
time, and several studies have demonstrated a 
high incidence of epileptic seizures and EEG 
abnormalities in children with ADHD [13-
17]. Hemmer et al. [13] reported the presence 
of epileptiform discharges in 36(15.4%) of 234 
children with ADHD. Millichap et al. [16] 
examined 624 EEG records of children with 
ADHD and found abnormal discharges in 
26.1%, and Lee et al. [17] reported epileptiform 
discharges in 29 (16.1%) of 180 patients with 
ADHD. Some researchers have investigated 
the localization of EEG abnormalities in 
children with ADHD. Hemmer et al. [13] 
reported rolandic spikes accounted for 40% of 
the abnormal EEGs in children with ADHD. 
Holtman et al. [18] reported a significantly 
higher frequency of rolandic spikes in children 
with ADHD compared to normal children. 
However, Zaimog˘lu et al. [19] reported that 
the occurrence of epileptiform abnormalities 
in patients with ADHD was higher in the 
frontal area (41.0%). Although several studies 
mentioned the relationship between ADHD, 
epilepsy and the EEG abnormalities, there is a 
lack of Asian studies on the role of the topic. 

The aim of this study was to investigate 
the prevalence of electroencephalographic 
abnormalities in Asian children with ADHD 
and to analyze their EEG characteristics and 
localization.

Method

We conducted this retrospective study between 
January 2014 and June 2016 at our hospital in 
Taipei, Taiwan. We reviewed the medical records 
of patients aged from 3 to 18 years who were 
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(P=0.884) between the normal EEG and the 
epileptiform groups (Table 1). Among the group 
of abnormal EEG recordings, three (10.7%) 
had generalized epileptiform discharges and 25 
(89.3%) had focal epileptiform discharges. The 
focal epileptiform discharges were most prevalent 
from the rolandic area (15/25), followed by the 
parietal area (5/25), frontal area (4/25) and 
occipital area (1/25). Among the 15 (12.4%) 
patients who had epileptiform discharges from 
the rolandic area, seven were from the right 
side, three from the left side, and five bilaterally. 
The characteristics of the awake and sleep EEG 
recordings are summarized in Table 2. 

Half (14/28) of the abnormal EEG findings 
were found only during sleep recordings. Of 
these patients, 7 patients had abnormal sleep 
behaviors: 2 had sleep-disordered breathing, 3 
had periodic limb movement disorder and 2 had 
night awakenings. The localizations of the these 
epileptiform discharges during sleep recordings 
included seven from the rolandic region, three 
from the parietal region, one from the frontal 
region, one from the occipital region, and two 
were generalized spikes. Figures 1 and 2 present 
examples of the abnormal EEG findings.

Discussion

The prevalence of epileptiform discharges in 
patients with ADHD has been reported to range 

from 6.1% [15] to 53%, [20] which is much 
higher than that for healthy children (3.5%) 
[21]. The wide variation in the frequency of EEG 
abnormalities may be due to different research 
methods, duration of EEG, EEG activation, and 
the enrolled study subjects. In this retrospective 
study, the prevalence of EEG abnormalities 
among non-epileptic children with ADHD was 
23.1%, which is similar to the average rate of 
eight studies (26.1%) summarized by Millichap 
et al. [16] Compared to studies with awake 
only [15] or a lack of EEG studies, [13] the 
prevalence of EEG abnormalities in the current 
study is higher. However, the prevalence of 
abnormal EEG recordings in the current study 
is lower than that in studies with prolonged sleep 
recordings [20] or sleep-deprived EEGs [14,16]. 
This suggests that the prevalence of epileptiform 
discharges may be positively correlated with the 
duration of sleep EEG. In addition, the high 
incidence of epileptiform discharges suggests 
that ADHD is a brain disorder arising from 
neurobiological abnormalities.

In the current study, 10.7% (3/28) of the EEG 
abnormalities were generalized and 89.3% 
(25/28) were focal discharges. The localization 
of these focal epileptiform discharges was most 
commonly from the rolandic area, followed by 
the parietal and frontal areas. Rolandic discharges 
were identified in 12.4% of our 121 patients 
with ADHD, which is higher than that reported 

Table 1:  The summary of normal EEG and epileptiform group in the children with ADHD
Normal EEG group

(n = 93)

Epileptiform group

(n = 28)
P value

Age(years) 6.8±2.6 7.1±2.3 .559
Female(%) 17(18.3%) 11(39.3%) .021
ADHD, inattentive type 22(23.7%) 7(25%) .884
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; EEG, electroencephalography. 

Table 2. The characteristics of awake and sleep EEG recordings in the children with ADHD.

EEG Findings
No.

(n = 121)
%

Normal 93 76.9
Abnormal

 Generalized epileptiform discharges

28

3

23.1

10.7
 Focal epileptiform discharges 25 89.3

Rolandic region

Right

Left

Bilateral

15

7

3

5

60.0

46.7

20

33.3
Parietal region 5 20.0
Frontal region 4 16.0
Occipital region 1 4.0

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; EEG, electroencephalography. 
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Figure 1: Paroxysmal bursts of high voltage spikes and spike-and-wave complexes over C4 with secondary generalization.

Figure 2: Paroxysmal spikes over bilateral centrotemporal regions alternatively during sleep recording.
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by Holtmann et al. (5.6%) [18] and Zaimog˘lu 
et al. (7.4%) [19]. All of our subjects received 
awake and sleep EEG examinations, and this may 
explain the higher rate of rolandic spikes in our 
study. The role of rolandic spikes in patients with 
ADHD has been investigated by several authors. 
Some children with ADHD with rolandic 
spikes have been reported to demonstrate 
deficient inhibition of an ongoing response and 
decreased interference control causing increased 
impulsivity and deterioration in the course of 
ADHD [22]. Other studies have reported that 
children with rolandic spikes have difficulties in 
visual-spatial memory, phonologic awareness and 
delayed academic performance [23,24]. Although 
rolandic spikes have been reported to be one of the 
most common EEG abnormalities in children with 
ADHD and to be a cause of cognitive impairment, 
the mechanism between rolandic spikes and 
ADHD remains unclear.

Interestingly, 80% (12/15) of our children 
had rolandic discharges from the right side 
or bilaterally. This is similar to the report of 
Holtmann et al. [18] who found that right-
sided or bilateral epileptiform discharges were 
most common in the children with ADHD with 
rolandic spikes. Several studies have reported 
that right hemispheric dysfunction is most likely 
to result in the symptoms of ADHD [25,26]. 
In addition, several structural [27,28] and 
functional [29,30] brain imaging studies have 
also demonstrated smaller and less activated 
anterior regions in the right hemisphere. Even 
though many studies support the hypothesis of 
right hemispheric involvement in ADHD, other 
studies have reported opposite results or different 
opinions. Therefore, further studies are needed 
in order to explore the association between brain 
networks and ADHD.

Of our patients, 50% (14/28) had epileptiform 
discharges only during sleep, and half of 
these patients had rolandic spikes. This is not 
surprising, since the amount of baseline brain 
rhythmicity differs considerably between sleep 
and wakefulness [31]. In a previous study, 24% 
of 176 children with ADHD showed focal 
paroxysmal abnormalities during sleep [14]. In 
addition, in the study by Silvestri et al. [20] 53.1% 
of the children with ADHD had epileptiform 
discharges, mostly in the centrotemporal 
region, during polysomnography, compared 
with only 18.7% of children with ADHD 
with standard abnormal EEG recordings. A 
review of eight published reports also showed a 
significantly higher prevalence of epileptiform 

abnormalities in non-epileptic children with 
ADHD in sleep EEG recordings compared to 
wake-only recordings [16,32]. It is reasonable 
that the frequency of EEG abnormalities is not 
proportional to clinical seizures. Epileptiform 
discharges during awake and sleep recordings in 
children with ADHD may suggest subclinical 
seizures or subsequent seizures. Hemmer et al. 
[13] reported seizures in three of 30 children 
with ADHD with epileptiform discharges 
compared to one of 175 children without 
epileptiform discharges. Another study reported 
a predictive value of epileptiform abnormalities 
for the subsequent development of seizures in 
children with ADHD of 14% [15]. In a recent 
study, four of 29 patients with ADHD with 
epileptiform discharges developed new-onset 
epilepsy at an interval from 3 to 61 months [17]. 
Therefore, children with ADHD with abnormal 
EEG recordings should receive long-term 
clinical follow-up and be carefully evaluated for 
subclinical seizures or the new onset of seizures.

A few studies have reported that patients with 
ADHD with subclinical epileptiform discharges 
experience improvements in cognitive function 
and ADHD behavior after taking antiepileptic 
drugs. In two observational studies [33,34] 
valproate sodium therapy remarkably decreased 
the clinical symptoms of ADHD, and in a 
retrospective study by Bakke et al. [35] 22 of 
35 patients with ADHD showed a more than 
50% reduction in spike index after levetiracetam 
treatment, including 59% with improvements 
in behavior. However, the use of antiepileptic 
drugs in children with ADHD is controversial, 
and further prospective studies are necessary to 
clarify this issue. 

There are several limitations to this study. First, 
the small sample size from a single hospital. 
Second, we did not perform stratified analysis 
between the subtypes and severity of ADHD 
and the epileptiform discharges of various brain 
origin due to the limited sample size. Third, our 
study subjects were predominately male and of 
the mixed presentation. It is still a matter of 
debate whether the ADHD subtypes defined in 
DSM-IV are in fact facets of the same condition, 
especially since the initial subtype differences 
in inattention symptoms often diminish as 
children progress from preschool to elementary 
years [36]. Furthermore, there are important 
differences in symptomatology between boys 
and girls with ADHD [37]. Further studies are 
warranted to explore the relationship between 
EEG characteristics and ADHD subtypes. 
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In conclusion, the children with ADHD in 
this study had a significantly higher prevalence 
of epileptiform abnormalities than healthy 
children. Focal epileptiform discharges, 
mainly from the rolandic area, were the most 
common EEG abnormality, and half of the 
EEG abnormalities occurred only in sleep 
EEG recordings. We suggest that awake and 
sleep EEG examinations may provide a greater 
detection rate of epileptiform discharges in 

patients with ADHD than awake EEG only. 
When psychostimulants and non-stimulants 
[38] are not effective in patients with ADHD, 
awake and sleep EEG examinations or treatment 
for subclinical epileptiform discharges should be 
considered. For children with ADHD with EEG 
abnormalities, the subsequent onset of seizures in 
later life should be closely monitored. Children 
with ADHD with abnormal EEG recordings could 
be a risk factor for developing epilepsy in the future.
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