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Introduction: the prevalence and clinical significance of alterations electroencephalographic (EEG) in
patients with attention deficit disorder with hyperactivity (ADHD) has not been elucidated.

Objectives: estimate in pediatric patients diagnosed with ADHD and no history of seizures the preva-
lence and type of EEG abnormalities.

Patients and methods: we selected during 2010 all patients with ADHD seen in a reference Neurope-
diatric Unit. In all cases an EEG was performed with partial sleep deprivation up to 5 hours and a dura-
tion record of 30 minutes by the International System (10/20). We estimated the prevalence and
confidence interval of 95% (Cl 95) with the exact method.

Results: we recruited a total of 62 cases, 45 boys (74.2%) y 6 girls (25.8%) with a mean age of 9.2
years (SD 2.6 years, range 6-14 years). Most were ADHD combined type (54.8%), followed by the
type attention deficit (33.9%) and hyperactivity (11.3%).Only one case was detected with EEG abnor-
Key words: malities (prevalence 1.6%, 95% Cl 0.04 to 8.7%). It was a male, 7 years old, combined ADHD subty-
* Attention deficit pe in which there was a left temporal spike-wave center.

hyperactivity disorder Conclusions. The prevalence of abnormal EEG in patients with ADHD is low in our environment, simi-

* Epilepsy - ]
« Blectroencephalography lar to that expected in the general population.

Abstract

Prevalencia y tipologia de las alteraciones electroencefalograficas
en el trastorno por déficit de atenciéon con hiperactividad

Introduccion: la prevalencia y significacion clinica de las alteraciones elecroencefalogréficas en los pa-
cientes con trastorno por déficit de atencion con hiperactividad (TDAH) no esté dilucidada.

Objetivos: estimar en pacientes peditricos diagnosticados de TDAH sin antecedentes de crisis epilép-
ticas, la frecuencia y tipologia de las anomalias electroencefalograficas.

Pacientes y métodos: se reclutaron durante 2010 todos los pacientes con TDAH vistos en una consulta
de Neuropediatria de referencia. A todos los casos se les realizé un electroencefalograma (EEG) con
privacion parcial de suefio maxima de cinco horas y una duracién de registro de 30 minutos segn el
Sistema Internacional (10/20). Se estimd la prevalencia y su intervalo de confianza del 95% (IC 95) con
el método exacto.

Resultados: se reclutaron un total de 62 casos, 45 nifios (74,2%) y 6 nifias (25,8%) con una edad

media de 9,2 afios, una desviacion estandar (DE) 2,6 afios, rango de 6 a 14 afios. La mayoria eran

TDAH del tipo combinado (54,8%), seguidos del tipo déficit de atencion (33,9%) e hiperactividad

Palabras clave: (11,3%). Se detecté solamente un caso con alteraciones EEG (prevalencia 1,6%; IC 95: 0,04-8,7%).

e Trastorno por déficit Se traté de un varén de siete afios, del subtipo combinado, en el que se observé una punta onda cen-
de atencién con tro temporal izquierda.

hiperactividad Conclusiones: la prevalencia de alteraciones EEG en los pacientes con TDAH es baja en nuestro medio,

* Epilepsia similar a la esperada en la poblacion general.
* Electroencefalografia
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
medical and social problem, especially due to its
high prevalence in the paediatric population,
which ranges between 3% and 10%,%? with some
studies reporting figures of up to 17.1%.% In clinical
practise, these patients are characterised by pat-
terns of behaviour that diverge from those of the
general population, with hyperactivity, impulsivity,
and attention deficit. There are different subtypes
of ADHD (“inattentive”, “combined” and “hyperac-
tive/impulsive”) with a heterogeneous aetiology;
the “inattentive” subtype is atypical and at times
does not fit the general understanding profession-
als have of ADHD.*?

Patients with ADHD frequently have comorbidities
such as anxiety, depression and behavioural prob-
lems.® Authors like Dunn have highlighted the as-
sociation of specific diseases with ADHD, noting
that paediatric patients with epilepsy, in whom
attention problems are very prevalent, are at high-
er risk of ADHD, especially the inattentive sub-
type.” Dopamine in the prefrontal cortex (PFC) may
play arolein this association, and is considered key
in explaining the mechanisms underlying the
symptoms of patients with ADHD; neurochemis-
try studies in nonhuman primates have shown
that blocking B2 adrenoreceptors (and interaction
with D1 dopamine receptors) recreates the symp-
toms of ADHD. Current treatments with atomox-
etine and methylphenidate is based on this evi-
dence?®

While several studies have analysed the relation-
ship between epilepsy and ADHD,? few of them
have focused on electrophysiological aspects. Gen-
erally speaking, children with ADHD, especially the
inattentive subtype, have a higher frequency of
electroencephalographic abnormalities that is al-
most double that of the general population.*®**
However, the clinical significance of encephalo-
graphic recordings in ADHD remains unclear, and
some authors have associated the presence of epi-
leptiform discharges in the electroencephalogram
(EEG) with a better response to treatment with
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methylphenidate and better cognitive function in
children with ADHD.*?

The aim of this study was to estimate the preva-
lence and types of paroxysmal abnormalities ob-
served in the EEGs of paediatric patients diagnosed
with ADHD with no previous history or signs of
epileptic seizures.

PATIENTS AND METHODS

Study health district

The study was conducted in the neuropaediatrics
department of the Hospital General de Tomelloso
(Ciudad Real, Spain), which serves patients in a
predominantly rural area and has a referral popu-
lation of 67 360 inhabitants, according to the INE
estimate for 2009. The Unit of Neuropaediatrics is
the only of its kind in this health district, and is the
reference unit for ADHD.

Population

We included all patients aged 6 to 14 years, inclu-
sive, that were diagnosed with ADHD based on
DSM-VI criteria and the EDAH®? (Evaluacion del
Trastorno por Déficit de Atencion/Hiperactividad)
scale during 2010 in our hospital. We excluded pa-
tients with associated neurological disorders, epi-
lepsy, or signs of developmental delay.

Methods

An EEG was performed on all patients with ADHD
with a 16-channel Nihon Kohden® Neurolg ox
EEG-1100 K machine (Nihon Kohden America, Inc.;
Foothill Ranch, CA, United States) with partial
sleep deprivation to a maximum sleep allowance
of 5 hours and a recording time of 30 minutes,
placing the electrodes in the positions defined by
the 10-20 international system. We defined abnor-
mality as the presence of abnormal graphoele-
ments such as generalised or focal discharges,
sharp waves, spikes, spike-wave or polyspike-wave
complexes, or interhemispheric abnormalities.
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Statistical analysis

We performed a descriptive analysis of the data
using measures of central tendency and dispersion
(mean and standard deviation [SD]) for quantita-
tive variables, and absolute and relative frequen-
cies, expressed as percentages, for qualitative vari-
ables. We compared age and sex between ADHD
subtypes by means of the %2 test and ANOVA, re-
spectively.

We calculated the prevalence of EEG abnormalities
with the software application using the exact
method for a 95% confidence interval (95% Cl).

Calculations were performed with the software
applications PASW® 18.0 (SPSS Inc) and EPI-
DAT® 3.1 (OPS/Xunta de Galicia).

RESULTS

The study included 62 patients diagnosed with
ADHD. Of these patients, 45 (74.2%) were male
and 16 (25.8%) were female. The mean age was 9.2
years (SD, 2.6 years; range, 6—14 years). Most of
them (54.8%) fit into the combined ADHD subtype,
followed by the purely inattentive type (33.9%)
and the hyperactive type (11.3%). The male sex
predominated in every subtype, although this dif-
ference was less marked in the inattentive subtype
(Table 1).

In all patients, the wake EEG showed bioelectrical
brain activity consisting of a regular, symmetrical
alpha rhythm with closed-open eyes reactivity
over both posterior parieto-occipital and temporal
regions, and beta activity in the anterior regions.
Neither hyperventilation nor intermittent light

stimulation provoked any significant changes in
the tracing. EEG abnormalities were only observed
in one patient (prevalence, 1.6%; 95% Cl, 0.04—
8.7%). They occurred in a male patient of the com-
bined subtype that showed epileptiform activity
consisting in spike-wave complexes in the left cen-
trotemporal region (Figure 1).

DISCUSSION

Our study of 62 patients with no prior history of
epilepsy diagnosed with ADHD and assessed by
means of a sleep-deprived EEG only found one pa-
tient with an epileptiform abnormality, a male
with combined type ADHD that had spike-wave
complexes in the left centrotemporal region.

The latest findings concerning the aetiology of
ADHD have involved genetic and familial factors;
one study in particular describes family aggrega-
tion that increases the prevalence of ADHD in indi-
viduals with first-degree relatives with the disor-
der by a factor of five to six.** This seems to suggest
that the inheritance of ADHD is multifactorial and
polygenic, which results in quantitative effects
and a variable disease expression that is influ-
enced by different environmental factors.*>*®

The medical literature has reported various ana-
tomical findings in children with ADHD, such as
delayed brain development or a reduced brain vol-
ume compared to healthy children that support
the likelihood of an organic aetiology.*’

At the neurophysiological level, a study reported
an increase in slow-wave theta activity® and an
absence of fast-wave beta activity when patients

Table 1. Description of ADHD cases

Attention deficit Hyperactivity Combined type p
(n=21) (n=7) (n=34)
Sex .02
- Male 11 (52.4%) 6 (85.7%) 29 (85.3%)
- Female 10 (47.6%) 1(14.3%) 5 (14.7%)
Age 101+27 83+16 8.8+25 11
Electroencephalographic abnormalities | 0 0 1(2.9%) .66

Results expressed as n (%) or mean 1 standard deviation

ADHD: attention deficit hyperactivity disorder.
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Figure 1. Electroencephalographic recording of a male patient with combined ADHD, showing epileptiform activity

consisting of spike-wave complexes in the left centrotemporal region.
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were performing tasks that required attention. All
of the above showed frontal predominance. Slow-
wave activity associated with a reduction in alpha
activity, and rolandic, occipital, and bilateral spikes
have also been reported.

Our study only found rolandic spikes in one patient
(1.3%) a percentage similar to those found by oth-
er authors, although according to other studies
epileptiform abnormalities are found in 7.5% of
children with ADHD.*

There is agreement that patients with EEG abnor-
malities in whom there is no evidence of clinical
seizures do not require anticonvulsant therapy?°
and thus stimulant therapy is not contraindicated
in them, and also evidence that the use of stimu-
lants is safe in epileptic patients receiving anticon-
vulsant therapy as long as their seizures are con-
trolled.?*
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One of the limitations of our study is that lan-
guage was not one of the variables we studied,
even though it would be worth assessing the po-
tential pathophysiological role of these paroxys-
mal discharges on language and on the behaviour-
al and learning disorders observed by some
authors.*®' We also did not find an increased
prevalence of epileptiform abnormalities in chil-
dren with ADHD uncomplicated by an epileptic
condition. At any rate, our results could be due to
chance, which suggests the need for studies with
larger samples or that use polysomnography.

In conclusion, this descriptive study shows that
the prevalence of electrophysiological abnormali-
ties is relatively low.?? Bigger sample sizes in mul-
ticentre studies are needed to determine the ac-
tual prevalence of these abnormalities in ADHD
patients more accurately, and to analyse their
clinical significance by correlating electroencepha-
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lographic findings with relevant outcome indica-
tors, such as response to treatment or cognitive
evolution.??
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