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Individuals with Down syndrome (DS) have an increased risk for epilepsy during the whole lifespan, but especially after
age 40 years. The increase in the number of individuals with DS living into late middle age due to improved health care is
resulting in an increase in epilepsy prevalence in this population. However, these epileptic seizures are probably
underdiagnosed and inadequately treated. This late onset epilepsy is linked to the development of symptomatic
Alzheimer’s disease (AD), which is the main comorbidity in adults with DS.
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| 1. Introduction

Down syndrome (DS), caused by an extra chromosome 21, is the most frequent cause of intellectual disability of genetic
origin WIBIAIBIE puring the last decades the life expectancy of people of DS has significantly increased . Increased
survival coupled with accelerated aging [ has led to an increase in the prevalence of age-related diseases, most
importantly Alzheimer’s disease (AD), which has a cumulative incidence > 90% at age 65 years.

People with DS have a higher prevalence of epilepsy, compared to the general population, similarly to other forms of
intellectual disability WRILALLIZ The first peak/mode of incidence occurs in the early childhood (0-2 years) of life and
the second in the 6th decade [L3I14II5I16]  pye to its specific clinical presentation and characteristics, it has received a
specific name, late onset myoclonic epilepsy in DS (LOMEDS).

We will review the risk factors and clinical characteristics of epilepsy during childhood and adulthood in people with DS,
with a special emphasis on LOMEDS.

| 2. Epilepsy in Early Childhood (0-5 Years)

Similarly to other forms of intellectual disability, children with DS have a higher prevalence of epilepsy than typically
developing children L8 Thjs risk typically occurs in children before the first year of life, but some seizures such as
the febrile seizures (typically developing between 6 months and 5 years) or the Lennox-Gastaut syndrome, can occur until
5-6 years of age. Generalized epilepsies are more frequent than focal epilepsies in the first two decades of life 24,

The increased risk of seizures in children and young adults with DS has been linked to several mechanisms, including
frontal and temporal lobe hypoplasia, dyskinesia of dendrites, abnormal neuronal lamination, decreased neuronal density,
especially of inhibitory interneurons with a GABAergic inhibitory function, alteration in cell membrane ion channels,
specifically of the glutamatergic receptor GIuR5 (encoded in chromosome 21), other metabolic disorders associated with
the condition of trisomy 21, and to complications derived from hypoxia and/or vascular damage due to a higher
prevalence of congenital heart disease and the perioperative risks of its correction [2H[201[22][23][24](25][26][27]

West syndrome is characterized by infantile spasms in the context of hypsarrhythmia or a modified hypsarrhythmia
pattern in the electroencephalogram. Fortunately, and despite its higher prevalence in DS, the response to early
pharmacological treatment with adrenocorticotropic hormone (ACTH) seems to be better than in the general population,
with less risk of seizure recurrence in the long term. Complete remission is achieved in more than 90% of cases [22l[23[28]
[29][30][31]

The critical and intercritical EEG patterns vary significantly depending on the type of seizure, and the existence or not of a
specific epileptic syndrome, which often are associated with a characteristic EEG pattern. West syndrome, by definition, is
associated with the presence of hypsarrhythmia, defined by the presence of continuous discharges of slow waves, spikes
or sharp waves, without synchronization between both hemispheres and of high voltage, giving the sensation of an
absolute disorder of the electroencephalogram [231[30][31](32]



There are no clinical trials to support the use of one antiepileptic drug over another in the DS population. Therefore, in the
absence of specific guidelines, the same assumptions and treatment options are usually made as in the general
population. Newer antiepileptic drugs have not proven to be more effective but are generally better tolerated than the
classical or first generations drugs.

| 3. Epilepsy in Children over 5 Years and Young Adulthood

Reliable information about epilepsy with onset in later childhood, young adulthood and middle ages is lacking. First, there
is no sufficient information about the evolution of the aforementioned seizures and epileptic syndromes in early childhood.
Second, the prevalence estimates of epilepsy in the adolescents and young adults with DS reported in the literature are
variable, ranging from 8% to 14% [231. The most frequent etiologies of epilepsy in this age range are comparable to the
general population.

There is a large variability in the type of untriggered seizures in older children and adults with DS between 5 and 40-45
years of age. These epileptic seizures might be focal, with and without altered level of consciousness or generalized
motor and non-motor seizures [LI121134],

The use of routine video-EEG is indicated for the differential diagnosis of episodes that could potentially suggest epileptic
etiology. EEG findings must always be interpreted after careful consideration of the clinical context.

If a focal onset is clear, drugs with exclusive indication for focal epilepsy may be used as in the general population. Among
the broad-spectrum drugs, the newer drugs have a better safety profile with comparable efficacy and should therefore be
recommended.

4. Epileptic Seizures in Late Adulthood (=40 Years) and Their Relationship
with AD

As mentioned before, the second peak in epilepsy incidence is closely associated with the development of symptomatic
AD.

The extracellular accumulation of amyloid-f3 (AB) plaques induces synaptic degeneration, circuit remodeling and abnormal
synchronization of neuronal networks (AB1-42alters Thus potentially favoring increased cortical irritability and inducing a
pro-epileptic effect @133 jn individuals who, in addition, have neurodevelopmental structural and cell membrane
function abnormalities from birth. The dysfunction of cholinergic and glutamatergic systems (impairment of glial and
neuronal uptake of glutamate) in the context of AD impact neuronal excitability and epileptic pathophysiology 28!,
Interestingly, soluble AP has been associated with decreased GABAergic inhibition and increased hyperexcitability.

The prevalence of untriggered seizures in DS increases dramatically with age after age 45, in parallel with the emergence
of symptomatic AD. The prevalence of epilepsy can be as high as 46% in those over 50 years of age, driven by the
patients with symptomatic AD. This association is so close that the occurrence of a first episode of an untriggered seizure
after the age 40-45 years is highly suggestive of symptomatic AD [L2/[14]37](35](33][38][39][40]

AD is also an independent risk factor for the development of epilepsy in the general population (prevalence estimates
ranging from 10 to 22%) 4142 and even more so in autosomal dominant AD (prevalence ranging from 19.1 to 47.7%) 43
44 However, epilepsy is significantly higher in DS, with prevalence estimates ranging from 46 to 84% 1288l Thys, the
risk is at least 10 times higher in DS than in sporadic AD, and significantly higher than in autosomal dominant AD,
including AD patients harboring APP duplications [421(36][14][35][21][43][39]46]

It is important to note that after a single untriggered epileptic seizure in the context of AD in DS antiepileptic treatment
should be promptly initiated and maintained.

The most frequent epileptic seizures in the context DSAD are GTCS and myoclonic seizures, which usually coexist. At
onset, the seizures have a similar time pattern as in juvenile myoclonic epilepsy, with clear morning predominance upon

awakening. They often present in a series of seizures, but the frequency of massive and/or fall-inducing myoclonus is low
[45][34][47][21][38][48][49][50](51]

Due to these specific clinical characteristics of this epilepsy associated with symptomatic AD in DS, a specific term has
been coined, “late-onset myoclonic epilepsy in DS” (LOMEDS). The clinical course of this myoclonic epilepsy seems to be
similar to other progressive myoclonic epilepsies B8535 (attached figure could be useful to diagnose LOMEDS).
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Symptomatic AD usually precedes the onset of the first epileptic seizure, usually by 2-3 years. We note that myoclonic
seizures are probably underdiagnosed, which might affect rigorous evaluation of the temporal evolution of seizure onset

with respect to that of cognitive impairment due to AD. More advanced AD dementia is associated with a greater risk of
developing seizures. [2351(331(52]

The development of epileptic seizures in DSAD has been associated with a more rapid cognitive and functional decline
[36]

As in the general population, the diagnostic performance of the routine video-EEG for the detection of intercritical
epileptiform abnormalities is low but increases if it is performed close to occurrence of the seizure, and if performed soon
after awakening.

The association between EEG findings and myoclonus supports that these are caused by generalized motor epileptic
seizures 581, This might have therapeutic implications, as myoclonus with a clinical or electroclinical pattern similar to that
of juvenile myoclonic epilepsy (JME) might prompt antiepileptic treatment. However, more data is needed to support this
guidance.

Good seizure control of both GTCS and myoclonic seizures can be achieved in more than 80% of LOMED cases [245]136]
B4l The drug of first choice is currently levetiracetam (LEV), which has proven its usefulness in different generalized
myoclonic epilepsies [AI351551148] and has few drug interactions. It also achieves good control of GTCS and myoclonic
seizures [B5I[21, On the other hand, it is very important to avoid the use of sodium channel blocking antiepileptic drugs,
which have been shown to aggravate myoclonic seizures [B8156],

A personal history of epilepsy, whether LOMEDS or not, does not contraindicate the initiation of acetylcholinesterase
inhibitor treatment, nor does it oblige to its suspension (drugs widely used in DSAD) B, |t is also important to identify
and specifically treat comorbidities such as sleep disorders, e.g., OSA, which can worsen seizure control in DSAD.
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