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EVALUATION OF AWAKE ELECTROENCEPHALOGRAPHY FINDINGS 
IN CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER 

BEFORE PSYCHOSTIMULANT TREATMENT
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Attention deficit hyperactivity disorder is one of the most common neuropsychiatric disorders in childhood. Electroencephalo-
graphic abnormalities may be observed but it is controversial to perform electroencephalography before starting the treatment. 
Awake electroencephalography findings, demographic and psychometric variables of patients with attention deficit hyperactivity 
disorder treated between January 2005 and December 2010 were retrospectively evaluated. The study included 386 patients aged 
4-18 (mean 9.61±3.04) years, who were diagnosed with attention deficit hyperactivity disorder according to the DSM-IV-TR (2000) 
diagnostic criteria. Epileptiform electroencephalography pattern was observed in 22/386 (5.7%) patients. Seven of 386 (1.8%) pa-
tients had a history of epilepsy diagnosis and antiepileptic medication. When patients with seizure history (with or without epilepsy 
diagnosis) and those with epileptic abnormalities on electroencephalography were excluded, the incidence of epileptiform abnor-
malities in attention deficit hyperactivity disorder patients was 12/386 (3.1%). After psychostimulant medication, epileptic seizures 
occurred in only three patients with epilepsy. The prevalence rate of epileptiform discharges on awake electroencephalography, 
observed in attention deficit hyperactivity disorder patients before psychostimulant treatment is similar to that in healthy schoolchil-
dren. Since the seizures increased only in epileptic patients, we do not recommend routine awake electroencephalography evaluation 
in children with attention deficit hyperactivity disorder before psychostimulant medication.

Descriptors: ATTENTION DEFICIT DISORDER WITH HYPERACTIVITY; ELECTROENCEPHALOGRAPHY; CHILD, PRESCHOOL; ADOLESCENTS

INTRODUCTION

Attention deficit hyperactivity disor-
der (ADHD) is characterized by inatten-
tion, impulsivity and hyperactivity, which 
lead to functional disabilities. ADHD is a 
common disorder in childhood and affects 
5%-7% of the general population (1). The 
Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-
IV-TR (2000)) diagnosis requires the 
presence of six out of nine behavioral and 
functional symptoms of attention deficit 
or hyperactivity-impulsivity for a dura-

tion of at least six months, with onset be-
fore age seven years (2). ADHD occurs 
5-9 times more often in boys as in girls.

Symptoms of ADHD are more com-
mon in patients with epilepsy than in gen-
eral pediatric population (3). Several hy-
potheses have been proposed for the pos-
sible pathophysiology between ADHD 
and epilepsy including genetic predispo-
sition, noradrenergic system dysregula-
tion, chronic effects of seizures, effects of 
antiepileptic drugs and effects of stimu-
lants (4, 5). Animal models of ADHD also 
suggest that synaptic abnormality in 
glutamatergic transmission may contrib-
ute to vulnerability for epilepsy and 
ADHD (6).

Many different abnormal electroen-
cephalography (EEG) patterns can be 
found in patients with ADHD. These ab-
normalities include focal or generalized 
spikes, bilaterally synchronous spikes 
wave complexes and non-epileptiform ab-
normalities (7). The frequency of epilepti-

form discharges on EEG ranges from 5% 
to 60% without a history of seizures (8). 
The antiepileptic treatment may abolish 
epileptiform discharges and even improve 
ADHD symptoms (9). EEG studies of 
children with ADHD also revealed in-
creased non-epileptiform theta activity 
primarily in the frontal regions, and in-
creased delta, decreased alpha and beta 
activity in the posterior regions (10, 11).

It is controversial to perform an EEG 
in children with ADHD before starting 
the treatment (2). There is not enough evi-
dence in the literature for performing 
EEG, but EEG monitoring can be useful 
to detect the unrecognized seizures. On 
the other hand, antiepileptic treatment of 
the children with ADHD who have epi-
leptiform discharges without clinical sei-
zures is also controversial.

Methylphenidate (MPH) and atomox-
etine are the most effective drugs in re-
ducing ADHD symptoms (12). MPH is a 
psychostimulant agent and common side 
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Table 1. Psychometric variables of patients with electroencephalographic abnormalities

Epileptiform ADHD group
N = 16 

Non-epileptiform ADHD group
N = 24

p

Age (mean ± SD) 8±1.79 8.54±2.15 0.410
WISC-R verbal score 
(mean ± SD)

94.5±13.20 88.17±22.67 0.272

WISC-R performance score 
(mean ± SD)

101.69±13.95 94.17±22.58 0.243

WISC-R total score 
(mean ± SD)

98.56±13.24 91.33±22.47 0.254

ADHD = attention deficit hyperactivity disorder; WISC-R = Wechsler Intelligence Scale for Children

effects include appetite loss, abdominal 
pain, insomnia and headache (13). Vari-
ous formulations of MPH with different 
pharmacological profiles have been de-
veloped and they have been found effec-
tive in children with ADHD (14). In pa-
tients treated for ADHD, an increased risk 
of seizures is controversial. One study 
mentioned increased seizure risk with in-
creasing dose of the stimulant compared 
with placebo in ADHD patients with co-
morbidity (15).

The aim of this study was to assess the 
prevalence of epileptiform abnormalities 
on awake EEG and the risk of seizure ac-
tivity associated with psychostimulant 
treatment in patients with ADHD.

PATIENTS AND METHODS

Patients diagnosed with ADHD ac-
cording to the DSM-IV-TR (2000) criteria 
between January 2005 and December 
2010 were included in the study. The files 
of the patients were retrospectively evalu-
ated in regard to gender, age, history of 
seizures, Wechsler Intelligence Scale for 
Children (WISC-R) results, type of treat-
ment for ADHD and awake EEG pattern. 
Children with ADHD were referred for 
digitized routine EEGs, recorded for 20 
minutes, including hyperventilation and 
photic stimulation with 20 electrodes and 
electrodes placed according to the inter-
national 10-20 system. No sleep tracings 
were recorded. All EEGs were performed 
in a single laboratory at Dokuz Eylul Uni-
versity Hospital, which is a tertiary pedi-
atric referral center. The EEGs were re-
corded by using a Nihon-Kohden, Neuro-
fax EEG-1000 version 05-73, with a 
sampling rate of 200 Hz. Generalized dis-
charges of 3-Hz spike and slow waves, 
generalized discharges of spikes or multi-
ple spikes, sharp slow wave complexes 
and focal spikes were accepted as epilep-
tiform and EEGs with a disturbance in 
background cerebral activity (slowed 

rhythmicity or laterality of basic waves) 
without a seizure history were accepted as 
non-epileptiform EEG abnormalities. All 
EEGs were evaluated by a single child 
neurologist who was blinded to the clini-
cal and diagnostic information of the pa-
tients. EEGs were first classified as either 
normal or abnormal. Secondly, abnormal 
EEGs were classified as epileptiform or 
non-epileptiform, and lastly the patients 
with epileptic abnormalities (EAs) were 
subdivided into those with focal, general-
ized and secondly generalized EAs. The 
study was approved by the local ethics 
committee of Dokuz Eylul University 
Medicine Faculty in Izmir.

Statistical methods

Data were analyzed with Statistical 
Package for the Social Sciences (SPSS), 
Version 15.0. Group differences were an-
alyzed using the χ2-test for categorical 
data and paired-sample Student’s t-test 
for continuous variables. A p-value <0.05 
was considered statistically significant.

RESULTS

We identified 386 patients aged 4-18 
(mean 9.61±3.04) years meeting the 
DSM-IV-TR (2000) diagnostic criteria 
for ADHD. The study population included 
84/386 (21.8%) female and 302/386 
(78.2%) male patients. Out of 386 pa-
tients, 321 (83.2%) were treated with 
MPH and 65 (16.8%) were treated with 
other treatment strategies.

A previous history of seizures was re-
corded in 17/386 (4.4%) children; 7/17 
(41.2%) patients had a history of epilepsy 
diagnosis and antiepileptic medication, 
5/17 (29.4%) had nonepileptic seizures 
and 5/17 (29.4%) had the first epileptic 
seizure that was not treated. Of the pa-
tients with a diagnosis of epilepsy, 1/7 
(14.3%) had absence epilepsy, 2/7 (28.6%) 
had frontal lobe epilepsy, 3/7 (42.8%) had 

rolandic epilepsy and 1/7 (14.3%) had oc-
cipital lobe epilepsy. Ten of 17 (58.8%) 
patients had epileptiform abnormalities 
on EEG before the treatment of ADHD 
and 5/10 (50%) of them had a previous 
diagnosis of epilepsy; 3/7 (42.8%) pa-
tients with a history of epilepsy diagnosis 
and antiepileptic medication developed 
epileptic seizures after MPH treatment. 
None of the patients with epileptiform 
discharges on awake EEG without a his-
tory of epilepsy diagnosis developed sei-
zure after MPH treatment.

Abnormal awake EEG pattern (epilep-
tiform or non-epileptiform) was observed 
in 56/386 (14.5%) children. Of these, 
34/386 (8.8%) were non-epileptiform and 
22/386 (5.7%) were epileptiform. Focal, 
generalized and secondly generalized 
EAs were detected in 11/22 (50%), 3/22 
(13.6%) and 8/22 (36.4%) patients, re-
spectively. Of the patients with focal EAs, 
5/11 (45.4%) had centro-temporal spikes, 
4/11 (36.4%) had frontal spikes and 2/11 
had occipital sharp slow wave complexes 
(18.2%). All patients with focal EAs had 
normal cranial magnetic resonance imag-
ing findings. The prevalence of epilepti-
form discharges on awake EEG in our 
study group was 22/386 (5.7%). When we 
excluded patients with seizure history 
(with or without epilepsy diagnosis) and 
those that had EAs on EEG, the incidence 
of EAs in ADHD patients was 12/386 
(3.1%).

The WISC-R results were achieved 
from 40/56 patients with abnormal EEG 
pattern. The mean WISC-R score of pa-
tients with EAs on EEG was 94.5±13.20 
and the mean WISC-R score of patients 
with non-epileptiform abnormalities on 
EEG was 88.17±22.67. There was no sig-
nificant difference between the epilepti-
form and non-epileptiform ADHD groups 
according to WISC-R results (p>0.05). 
Psychometric variables of these 40 pa-
tients are summarized in Table 1.

DISCUSSION

The reported rate of epileptiform ab-
normalities during awake EEG recordings 
observed in healthy schoolchildren was 
3.5% (16). Although it is known that epi-
leptiform activities are more frequent dur-
ing sleep recordings, C a p d e v i l a  e t 
a l.  report the prevalence of epileptiform 
activity in healthy children during sleep to 
be 1.45% (17). On the other hand, the 
prevalence of epileptiform abnormalities 
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in ADHD children ranged from 5% to 
60% in various studies (8, 16). These dif-
ferent prevalence rates possibly indicate 
methodological differences. Despite these 
increased prevalence rates, only a small 
percentage of ADHD children with EAs 
on EEG have epileptic seizures. There-
fore, the clinical utility of routine EEG in 
children with ADHD appears to be limit-
ed (8). In previous studies, the prevalence 
of EAs in children with ADHD depended 
on the EEG according to sleep and/or 
awake monitoring. M i l l i c h a p  e t  a l. 
demonstrated that the prevalence of EAs 
in non-epileptic children with ADHD was 
26.1%, provided that sleep records were 
obtained (1). In wake recordings, the 
prevalence was only 7% (19). H u g h e s 
e t  a l.  report a prevalence of 30%, also 
mainly in sleep recordings (7). Sleep de-
prived EEG has an activating impact on 
epileptiform discharges (20). S o c a n -
s k i  e t  a l.  also report the incidence of 
EAs in non-epileptiform ADHD children 
during awake recordings to be 5.4% (21). 
In the present study population, the preva-
lence of EAs on wake recordings was 
5.7%. When patients with epileptic sei-
zure history were excluded, the incidence 
of EAs during awake EEG recordings in 
ADHD patients was 3.1% and this epilep-
tiform abnormality rate is similar to that 
in healthy children (16).

There is a complex relationship be-
tween epilepsy, ADHD and epileptiform 
activity. Epileptiform discharges are pre-
dominantly focal, mostly bilateral or right 
sided, distributed over rolandic areas in 
ADHD (22). H u g h e s  e t  a l.  report 
the prevalence of epileptiform focal dis-
charges during sleep recordings to be 24% 
(7). S i l v e s t r i  e t  a l.  report on the 
focal, mainly centro-temporal spikes to be 
found in 51% of patients with ADHD 
(23). Similar to previous reports, EAs 
were mainly focal and secondly general-
ized (11/22 (50%), 8/56 (36.4%), respec-
tively) in our study population. Of patients 
with focal EAs, 5/11 (45.4%) had centro-
temporal spikes, 4/11 (36.4%) had frontal 
spikes and 2/11 had occipital sharp slow 
wave complexes (18.2%). All patients 
with focal EAs had normal cranial mag-
netic resonance imaging findings.

On the other hand, children with epi-
lepsy have a significant risk of ADHD. 
Clinical studies suggest an ADHD preva-
lence of 30%-40% in patients with epi-
lepsy (3, 24). The underlying mechanisms 
are still poorly understood. Frontal lobe 

epilepsies share behavioral features with 
ADHD, but in these patients seizure con-
trol does not guarantee concomitant im-
provement of the hyperactive behavior 
(25, 26). Nocturnal seizures significantly 
reduce sleep efficiency and increase drow-
siness. Sleep disruption could be a cause 
of inattention and hyperactivity, so that it 
can be frequently associated with ADHD 
symptoms (27). ADHD is the most com-
mon psychiatric diagnosis in children af-
fected by absence epilepsy (28). In addi-
tion to these, some antiepileptic medica-
tions have side effects, which include 
drowsiness, inattention, restlessness and 
decreased learning potential. Phenobarbi-
tal, benzodiazepine and topiramate are 
known to cause behavioral activity that 
may exacerbate underlying ADHD symp-
toms. Seven of our patients had a diagno-
sis of epilepsy and of them 1/7 (14.3%) 
had absence epilepsy, 2/7 (28.6%) had 
frontal lobe epilepsy, 3/7 (42.8%) had ro-
landic epilepsy and 1/7 (14.3%) had oc-
cipital lobe epilepsy. Five of them were 
treated with valproic acid and two with 
oxcarbazepine.

C l a r k e  e t  a l.  report that low IQ 
children with ADHD have similar EEG 
abnormalities to those with normal IQ 
(29). On the other hand, S i l v e s t r i  e t 
a l.  describe a negative relation between 
the presence of nocturnal seizures and 
WISC-R IQ total and verbal scores (23). 
Similar to C l a r k e  e t  a l.,  we did not 
find any significant difference between 
the epileptiform and non-epileptiform 
ADHD groups according to WISC-R re-
sults (p>0.05).

Although case reports have warned 
about seizures in patients treated with 
MPH, clinical studies have noted signifi-
cant improvements in ADHD symptoms 
without aggravation of seizures in patients 
with epilepsy (30). MPH affects the pres-
ynaptic reuptake of noradrenaline and 
dopamine but has no effect on neurotrans-
mitters, which have been associated with 
the pathophysiology of epilepsy (2). 
G r o s s – T s u r  e t  a l.  advise caution 
when using MPH in ADHD children with 
uncontrolled active seizures under treat-
ment with antiepileptic drugs (31). If the 
patient has centro-temporal (rolandic) 
spikes and/or is treated with antiepileptic 
drugs, the treatment of ADHD with MPH 
is associated with a significant increase in 
clinical seizures (15, 32). Although cur-
rent opinion is against performing EEG, 
the knowledge of an abnormal recording 

might influence the choice of medication 
to be used in the treatment of ADHD, 
non-stimulant vs. stimulant, or at least the 
formulation and dosage of medication 
considered safe. B a k k e  e t  a l.  rec-
ommend that, in patients with ADHD 
without seizures who do not respond to 
traditional ADHD drugs, an EEG with 
sleep recording should be performed and 
in the presence of EAs the use of an antie-
pileptic drug should be considered (33). 
In our study group, 3/7 (42.9%) patients 
developed epileptic seizures after MPH 
treatment and all of them had a history of 
epilepsy diagnosis, antiepileptic medica-
tion and had epileptiform activity before 
the treatment of ADHD with MPH. None 
of the patients had uncontrolled active 
seizures. Besides the psychostimulant 
medication, seizure aggravation may be 
the normal course of epileptic disease. 
None of the patients with epileptiform 
discharges without epilepsy developed 
seizure after MPH treatment.

In conclusion, before the treatment of 
ADHD with psychostimulant drugs, the 
awake and sleep EEG is indicated in any 
child with symptoms of ADHD and epi-
lepsy. MPH treatment increased epileptic 
seizures only in patients with the diagno-
sis of epilepsy; therefore, MPH treatment 
should be used with caution in patients 
with a history of epilepsy diagnosis and 
treatment.
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S a ` e t a k

PROCJENA ELEKTROENCEFALOGRAFSKIH NALAZA U BUDNOM STANJU 
KOD DJECE S POREME]AJEM POZORNOSTI S HIPERAKTIVNO[]U PRIJE LIJE^ENJA PSIHOSTIMULANSIMA

E. Bayram, Y. Topcu, D. Karaarslan, G. Akinci, U. Yis, A. Akay, S. Hiz

Poreme}aj pozornosti s hiperaktivno{}u je jedan od naj~e{}ih neuropsihijatrijskih poreme}aja u djetinjstvu. Mogu se zapaziti 
elektroencefalografske nenormalnosti, ali je proturje~no provoditi elektroencefalografiju prije po~etka lije~enja. Retrospektivno su 
procijenjeni nalazi elektroencefalografije, demografske i psihometrijske varijable bolesnika s poreme}ajem pozornosti i hiper-
aktivno{}u lije~enih od sije~nja 2005. do prosinca 2010. godine. U studiju je bilo uklju~eno 386 bolesnika u dobi od 4 do 18 (srednja 
dob 9,61±3,04) godine s dijagnozom poreme}aja pozornosti s hiperaktivno{}u prema dijagnosti~kim kriterijima DSM-IV-TR (2000.). 
Epileptiformni elektroencefalografski nalaz zabilje`en je kod 22/386 (5,7%) bolesnika. Sedam od 386 (1,8%) bolesnika imalo je u 
anamnezi dijagnozu epilepsije i terapiju antiepileticima. Kad su isklju~eni bolesnici s anamnezom konvulzija (s dijagnozom epilep-
sije ili bez nje) i oni s epilepti~nim nenormalnostima na elektroencefalografiji, incidencija epileptiformnih nenormalnosti kod bole-
snika s poreme}ajem pozornosti i hiperaktivno{}u bila je 12/386 (3,1%). Nakon terapije psihostimulansima epilepti~ne konvulzije 
nastupile su u samo troje bolesnika s epilepsijom. U~estalost epileptiformnih izbijanja tijekom elektroencefalografije u budnom 
stanju zabilje`ena u bolesnika s poreme}ajem pozornosti s hiperaktivno{}u prije terapije psihostimulansima sli~na je onoj kod zdra-
ve {kolske djece. Kako su se konvulzije pove}ale samo kod epilepti~nih bolesnika, ne preporu~a se rutinska elektroencefalografska 
procjena u budnom stanju kod djece s poreme}ajem pozornosti i hiperaktivno{}u prije terapije psihostimulansima.
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