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ABSTRACT

Introduction: Down syndrome (DS) is the most common chromosomal abnormality causing mental
retardation and its association with epilepsy is highly variable in childhood. Although the first descriptions of
the syndrome did not report seizures, their association with epilepsy is relatively common. Methods: were
evaluated 68 individuals with DS and 83 with non-syndromic mental retardation (N-SMR). All patients
underwent digital EEG, lasting at least 30 minutes and electrodes positioned according to the International
10-20 System of Electrode Placement. Data were analyzed using descriptive statistics and proportions were
compared with Student’s t-test and test of Differences between Proportions with p<0.05 considered statistically
significant. Results: DS: 27.9% had epilepsy (first seizure with 2.2+3.7 years). Fifteen (22.1%) patients had
epileptiform discharges, 5 (7.4%) hypsarrhythmia, 5 (7.4%) focal pattern, 3 (4.4%) generalized pattern and 2
(2.9%) multifocal pattern. N-SMR: 33.7% patients had epilepsy (first seizure with 1.2+4.5 years). Twenty-three
(27.7%) patients had epileptiform discharges, 10 (12.0%) focal pattern, 5 (6.0%) generalized pattern and 8
(9.6%) multifocal pattern. Conclusion: The difference between the occurrence of epilepsy in DS and N-SMR
was not statistically significant, as well as between normal EEG, EEGs with focal pattern, generalized pattern
and multifocal pattern. In SD group 7.4% have shown hypsarrhythmia.The comparison with N-SMR was not
possible because none of these has shown this EEG abnormality.
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RESUMO

Epilepsia e aspectos eletrencefalogrdficos. Estudo comparativo entre sindrome de Down e deficiéncia mental
ndo sindrémica

Introducio: sindrome de Down (SD) ¢ a anormalidade cromossdmica que mais comumente causa deficiéncia
mental e sua associagdo com epilepsia ¢ muito variavel na infancia. Embora as descrigdes iniciais da sindrome
nao relatassem crises, sua associagcdo com epilepsia € relativamente comum. Métodos: foram avaliados 68
individuos com SD e 83 com retardo mental ndo sindromico (RMNS). Todos os pacientes foram submetidos a
EEG digital, com duragdo minima de 30 minutos e com eletrodos posicionados segundo o sistema internacional
10-20 de posicionamento de eletrodos. Dados foram analisados usando estatistica descritiva e propor¢des foram
comparadas com o teste t de Student e teste de Diferenca entre Propor¢des com p<0,05 sendo considerado
estatisticamente significativo. Resultados: SD: 27,9% tinham epilepsia (primeira crise 2,2+3,7 anos). Quinze
(22,1%) pacientes tinham descargas, 5 (7,4%) hipsarritmia, 5 (7,4%) padrao focal, 3 (4,4%) padrdo generalizado,
2 (2,9%) padrao multifocal. N-SMR: 33,7% pacientes tinham epilepsia (primeira crise com 1,2+4,5 anos).
Vinte e trés (27,7%) pacientes tinham descargas, 10 (12,0%) padrao focal, 5 (6,0%) padrao generalizado ¢ 8
(9,6%) padrdo multifocal. Conclusdes: a diferenca entre a ocorréncia de epilepsia no grupo SD e RMNS ndo
foi estatisticamente significativa, assim como o EEG normal, com padrao focal, generalizado e multifocal.
No grupo SD, 7,4% apresentaram hipsarritmia. A compara¢do com o grupo RMNS néo foi possivel por que
ninguém neste grupo apresentou esta anormalidade no EEG.

Unitermos: Epilepsia; sindrome de Down; deficiéncia mental.
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INTRODUCTION

Down syndrome (DS) is the most common chro-
mosomal abnormality cause of mental retardation, with
an incidence varies according to maternal age between
1/40-1000 live births. Risk factors include advancing
maternal age (because older eggs have a greater risk of
improper chromosome division), parents carry the genetic
translocation for DS, and having had a child with the
syndrome.!

In 1959, with the advent of karyotype tests, the etiology
of DS was determined as the presence of an abnormal
extra chromosome 21. If an egg or sperm carrying 24
chromosomes combines with an egg or sperm carrying 23
chromosomes, the result would be a children with cells in
which there are 47 chromosomes. This is known a genetic
trisomy and almost all cases are caused by non disjunction
mechanism causing trisomy 21, although unbalanced
translocation involving chromosome 21 and another
chromosome may occur. Rarely, less than 1% of the cases,
the change in the distribution of chromosomes in the cell
division occur shortly after fertilization. In these cases,
the individual display cells with a combination of different
patterns of chromosomes. This condition is called genetic
mosaicism.!?

DS is clinically characterized by mental retardation,
dysmorphic facial features like slanting palpebral fissures,
epicanthal folds, broaden the base of the nose, small ears,
absence of the central fissure of the tongue and gray spots
around the iris, particularly in neonates. Often occurs
growth retardation, developmental delay, hypotonia (floppy
baby), brachycephaly, single palmar crease, clinodactyly,
dysplastic or hypoplastic hips, neck lymphedema, hypo-
gonadism, gastrointestinal and cardiac malformations,
diabetes, tumors, leukemia, premature degeneration of
the musculoskeletal system, atlantoaxial subluxation,
thyroid abnormalities, cataracts, refractive optical defects
and immune deficiency. With increased life expectancy
in DS, become more frequent the psychiatric disorders
such as depression and dementia. Other neuropsychiatric
manifestations can also occur are disruptive behavior
disorders and autism.!?

In 1866, seizures are not included in original report
by British physician John Langdon Haydon Down. When
the syndrome was described was thought to be due to a
process of degeneration of the human race. At that time,
physicians and researchers were more concerned with the
physical and mental aspects, and therefore, the seizures
were undervalued®. Other older researchers as Ireland
(1877), Wilmarth (1890), Comby (1903) and Herrman
(1905) do not reported seizures in DS°.

Although the seizures were considered infrequent
for many years, currently we know that are significantly

more prevalent in DS than the general population, and
less prevalent than in non-syndromic mental retardation
(N-SMR) .4

The aim of this study is to compare the incidence of
seizures and electroencephalographic abnormalities in

individuals with DS and N-SMR.

METHODS

The sample consisted of 68 individuals with DS (30
females and 38 males, aged 7.4+5.7 years) and 83 with
N-SMR (37 female and 46 males, aged 9,4+4,8 years),
all from special education programs in Brazil. Data were
collected between January 2006 and December 2011. All
subjects were evaluated clinically by the same physician
and, where possible, underwent standardized psychometric
tests. In specialized educational institutions, all participants
were also evaluated by a psychologist, phonoaudiologist
and occupational therapist.

In the DS group, 56 (82.4%) patients had genetic
diagnosis (trisomy of chromosome 21) and all had physical
characteristics that allowed the clinical diagnosis.

All patients underwent EEG in equipment Neuropmap
EEG-40i, Neurofax Nihon Kohden EEG-1200 or EEG
Brain Wave II, lasting at least 30 minutes and electrodes
positioned according to the International 10-20 System of
Electrode Placement.

To standardize the research, the terms “epilepsy”
and “mental retardation” have been previously defined.
Epilepsy was defined as the presence of at least one
seizure, caused by a brain disorder caused by an enduring
predisposition of the brain to generate recurrent seizures
and their neurobiological, cognitive and psychosocial
consequences.® Mental retardation was defined as a
neurobiological disorder, characterized by significantly
subaverage intellectual functioning and impairments in at
least two of the following areas: communication, self-care,
activities of daily living, social/interpersonal skills, and use
of community resources, self direction, functional academic
skills, work, leisure, health and safety.’

For the systematic analysis of EEG abnormalities, was
considered: (a) focal pattern — up to three independent
and well-delineated epileptogenic focus; (b) multifocal
pattern — more than three independent epileptogenic focus;
(c) generalized pattern — synchronous discharges in large
areas of two hemispheres brain and (d) hypsarrhythmia.
Paroxysms epileptogenic were classified as: sharp wave
discharges, spike, spike-wave, polyspike and polyspike-
wave. Hypsarrhythmia consists of “random high-voltage
slow waves and spikes that vary from moment to moment,
both in location and duration. At times they appear to be
focal, and a few seconds later they seem to originate from
multiple foci. Occasionally, the spike discharge becomes
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generalized, but it never appears as a rhythmically repetitive
and highly organized pattern”.

Data were analyzed using descriptive statistics and
proportions were compared with Student’s t-test and test of
Differences between Proportions with p<0.05 considered
statistically significant. All data are reported as means
+ SDs (standard deviations).

All aspects of this research project were approved
by the Ethics Committee on Research Involving Human
Subjects at our institution (number registration — 1065-12).

RESULTS

Individuals withDS

Sample of 68 individuals, 19 (27.9%) had epilepsy,
and the mean age at first seizure of 2.2+3.7 years. In
15 (22.1%) patients were identified epileptiform discharges
(Table 1). Five patients (7.4%) had hypsarrhythmia,
5 (7.4%) focal pattern, 3 (4.4%) generalized pattern and
2 (2.9%) multifocal pattern.

Table 1. Electroencephalographic abnormalities in patients with
Down syndrome

Patients Age Gender Firstseizure Electroencephalogram

1 0,2 male 0,1 Sharp wave frontal — right

4 0,5 female 0,4 Hypsarrhythmia

5 0,6 male 0,3 Hypsarrhythmia

6 0,6 female 0,5 Hypsarrhythmia

9 0,9 female 0,6 Hypsarrhythmia

10 1,0 female 0,4 Hypsarrhythmia

15 1,4 female 1,2 Sharp wave parietal/
occipital left

28 4,77  female 4,0 Generalized spike/
polyspike

40 8,2 male 5,0 Sharp wave parietal/
occipital right

41 8,6 female 4.0 Generalized spike/
polyspike wave

50 12,4 female 2,0 Sharp wave temporal/
frontal right

57 15,0 male 0,5 Multifocal sharpwave

59 15,2 female 0,8 Multifocal sharpwave

61 15,7 female 3,3 Sharp wave frontal left/
central right

67 16,7 male 9,2 Generalized spike/

polyspike wave

Note: age and first seizure in years.

Individuals with N-SMR

Sample of 83 patients, 28 (33.7%) patients had epilepsy,
and the mean age at first seizure of 1.2+4.5 years. In
23 (27.7%) patients were identified epileptiform discharges
(Table 2). Ten patients (12.0%) had focal pattern, 5 (6.0%)
generalized pattern and 8 (9.6%) multifocal pattern.

Table 2. Electroencephalographic abnormalities in patients with
N-SMR

Patients Age Gender Firstseizure Electroencephalogram

2 1,0 male 0,2 Multifocal sharpwave

7 2,2 female 0,3 Sharp wave frontal/central
right and left

8 2,3  male 0,5 Multifocal sharpwave

9 2,9 male 0,5 Generalizedspike/
spikewave

10 3,1 male 0,5 Sharp wave temporal right
and left

12 3,3 female 0,8 Generalized Spike/Spike
wave/polyspike

16 44  male 1,0 Multifocal sharpwave

17 4,6 female 1,0 Sharp wave frontal right
and frontal/central left

20 5,2 female 1,2 Sharp wave occipital right
and parietal left

21 54 male 2,0 Generalized spike/spike
wave/polyspike wave

26 6,5 female 0,5 Multifocal sharpwave

27 6,6 female 3,0 Multifocal sharpwave

28 6,8 female 1,0 Sharp wave central left
and temporal right

36 8,2 female - Sharp wave frontal/central
right

41 9,0 male 0,2 Sharp wave central left
and occipital right

43 9,4 female 1,5 Multifocal sharpwave

48 10,8 male 0,8 Sharp wave frontal left
and frontal/central right

49 10,9 male 0,8 Multifocal sharpwave

53 11,6 male 5,0 Multifocal sharpwave

54 12,1 female 0,3 Sharp wave frontal left
and parietal right

59 12,9 male - Sharp wave frontal/central
right

64 14,1 female - Generalized spike wave/
polyspike wave

81 16,8 female - Generalized spike wave/

polyspike wave

Note: age and first seizure in years.
N-SMR - non-syndromic mental retardation.

Statistical comparison between groups

Patients with N-SMR presented the first seizure
earlier than those with DS, although this difference
was not significant (p=0.08).The difference between
the occurrence of epilepsy in DS and N-SMR was not
statistically significant (p=0.44), as well as between
normal EEG (p=1.00), with focal pattern (p=0.47),
generalized pattern (p=0.66) and multifocal pattern
(p=0.10). Although the group with SD five patients (7.4%)
have shown hypsarrhythmia in EEG, the comparison with
N-SMR was not possible because none of these has shown
this EEG abnormality (Table 3).
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Table 3. Statistical comparison between Down syndrome and
N-SMR

Patients SD N-SMR p
Epilepsy 27.9% 33.7% 0.44
Normal EEG 26.5% 26,5% 1.00
Focal pattern 7.4% 12.0% 0.47
Generalized pattern 4.4% 6.0% 0.66
Multifocal pattern 2.9% 8.4% 0.10
Hypsarrhythmia 7.4% 0.0% *

N-SMR - non-syndromic mental retardation.
* Statistical test is not applicable.

DISCUSSION

The incidence of seizures in DS is contradictory,
varying between 1-17%.%° There are distinct peaks to
the incidence of seizures. In the perinatal period seizures
often occur because systemic complications, cardiovascular
malformations and infectionsrelated to immunodeficiency.
After the first six months of life, predominate infantile
spasms (West syndrome — WS), and after the fourth decade
of life crises are mainly related to Alzheimer’s dementia.!!
The prevalence of epilepsy increased with age, reaching
46% after the fifth decade of life*.

Although there are many researches about the
electroencephalographic abnormalities in this syndrome, no
specific pattern was determined. There is a large variation
in EEG of these patients, as the slowing of background
activity, nonspecific burst of slow waves and epileptiform
discharges with various morphologies.Even in individuals
with DS without epilepsy, epileptiform discharges are
common. 10

The highest incidence of seizures has been classically
attributed to changes in brain structure, although other
clinical conditions such as heart defects, thyroid disease
and dementia are also involved. Potential mechanisms
to explain this increased frequency of seizure would be
decrease neuronal density, abnormal neuronal lamination,
dendritic spine dysgenesis, primitive synaptic profiles,
fewer GABAergic interneurons in cortical layers II and
IV, decrease voltage threshold for spike generation,
abnormal potassium, calcium or sodium current, altered
neurotransmitter systems GABAergic, serotoninergic,
adrenergic, cholinergic or glutaminergic.!' Ross et al.!?
compared the brain histological aspects of two patients
(6-year-old DS girl and 25-year-old DS man) with normal
controls, and showedcytoarchitetonic abnormalities
characterized by significant poverty of granular cells in
the DS brains, particularly in granular fields such as areas
3,17 and 41.

In 1972, Morre" conducted a very important multi-
center study involving 22 medical institutions responsible
for treating patients with mental disabilities. This study

10

evaluated 24,257 patients, 2748 with DS. The incidence of
epilepsy in individuals with mental retardation without DS
was 31%, and those with SD were 5.2%. In a classic paper,
Seppildinen and Kivalo.' analyzed the electrographic
patterns in a large group of patients with SD (8.7% with
epilepsy), found electrographic abnormalities in only 12%
of cases and interictal paroxysmal activity in 21%. In our
patients with DS, the incidence of epilepsy (27.9%) was
significantly higher thanto describe by Morre (5.2%)"? and
Seppiliinen and Kivalo (8.7%).!* However, the incidence
of epilepsy in individuals N-SMR (33.7%) was very similar
(31%) as described by Morre.!? In our research, the
occurrence of interictal paroxysmal activity in DS (22.1%)
was resembles to report by Seppildinen and Kivalo.!*

The prevalence of reflex epilepsy appears to be
higher in patients with DS than individuals with other
forms of mental disability and the mentally healthy
general population. Guerrini et al.® in a retrospective study
of 30 SD patients with epilepsy, reported6 (20%) with
reflex epilepsy (three had Lennox-Gastaut syndrome, one
had benign myoclonic epilepsy of infancy, one had reflex
epilepsy and partial symptomatic epilepsy and one had
generalized symptomatic epilepsy). The high incidence of
reflex epilepsy in SD may suggest impairment of inhibitory
phenomena in the cerebral cortex of these patients.
Neither of our 19 epileptic patients with SD had reflex
epilepsy.

All types of seizures andepileptogenic interictal
paroxysmscan occur in DS children, although the tonic-
clonic, myoclonic and infantile spasms (West syndrome —
WS) are considered the most frequent.'®!? In our patients
with DS, 7.4% had hypsarrhythmia, 7.4% focal pattern,
4.4% generalized pattern and 2.9% multifocal pattern. In
N-SMR group, 12.0% had focal pattern, 6.0% generalized
pattern and 9.6% multifocal pattern.

When we compared the incidence of epilepsy,
age at first seizure, occurrence of focal, generalized or
multifocal patterns, did not find statistically significant
differences between DS and N-SMR groups. The clinical
and electroencephalographic aspects have no consistent
differences between individuals with DS and with N-SMR,
except for the elevated incidence of WS in patients with
DS. When we compared WS/hypsarrthythmia in EEG,
observed incidence of 7.4% on DS group and none in
SMR-N group.

The relationship between DS and WS is not a clinic
coincidence. WS is the most frequent epileptic syndrome
in DS, occurring in 0.6-13% of patients.'® Although the
characteristics of this epileptic encephalopathy are similar
between patients with or without DS, children with DS
appear to have better control of seizuresand evolving with
the earlier disappearance of hypsarrhythmia.'® WS can also
be associated with mosaic DS.!7
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Silva et al.'® reported 14 children with DS and WS, and
no cardiac abnormalities or history of perinatal asphyxia. In
this sample, the spasms started between 4 and 18 months
(mean age of 8 months) and all patients had symmetrical
hypsarrhythmia in EEG. Seven children exhibited other
types of seizures after WS, including myoclonic seizures,
tonic-clonic, atonic and atypical absence. In the seven
cases who were recorded epileptic spasms, the ictal
recordings was characterized with high voltage slow waves
in both hemispheres followed by fast thythmic activity of
low-voltage. Lujic et al.'” reported 11 children at the age
of 3 years to 10 years with DS and WS. In this group,
the spasms began at the age of 5 to 10.5 months in 10
children, in one patient at the age of 16 months. All
children had their spasms controlled with ACTH and
hypsarrhythmia also disappeared in all cases after drug
therapy.

In children without DS, the incidence of WS is
estimated between 0.25 to 0.60 cases per 1000 live births,
with prevalence between 0.15 and 0.20 cases per 1000
children.?® Therefore, although the WS is a frequentepileptic
encephalopathy of childhood, it is considerably more
common in children with DS than without DS.

Atypical or modified hypsarrhythmia have been reported
in children with WS. However, the classic hypsarrhythmia
pattern (“... random high-voltage slow waves and spikes
that vary from moment to moment, both in location and
duration; at times they appear to be focal, and a few seconds
later they seem to originate from multiple foci; occasionally,
the spikes becomes generalized, but in never appears as a
rhythmically repetitive and highly organized patter; the
abnormality is almost continuous...”)! was observed in all
patients with DS and WS in our research.

It is very important to know the comorbidities and
complications related to this syndrome. Children with
DS presenting seizures may have worse neurological
outcome. To know the clinical aspects of seizures and
electroencephalographic features provides a more accurate
and earlier diagnosis.
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