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1 | INTRODUCTION

Down syndrome (DS) is estimated to occur in 12.6 out of
every 10 000 live births in the United States." Epilepsy can
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Abstract

Epilepsy can occur in individuals with Down syndrome (DS), with epileptic spasms
representing the most frequent seizure type in this population. Epileptic spasms can
have devastating consequences on the development of individuals with the condition.
This review sought to explore the lifetime prevalence and underlying mechanism of
epileptic spasms in this population. We also aimed to review the response rate to
various treatments, the relapse rate, and the development of subsequent epilepsy or
autism in this population. A comprehensive literature search was conducted for arti-
cles discussing the lifetime prevalence, diagnosis, treatment, outcomes, or underly-
ing etiology of epileptic spasms in animal models or individuals with DS. According
to available literature, the global clinic-based lifetime prevalence of epilepsy in in-
dividuals with DS ranged from 1.6% to 23.1%, with epileptic spasms representing
6.7%-66.7% of these cases. Response rate to treatment with adrenocorticotropic hor-
mone/corticosteroids was highest (81%) and has the most literature supporting its
use, with other regimens, including vigabatrin and other antiepileptic drugs, having
lower response rates. Epileptic spasms occur more frequently in children with DS
than in the general population, though more studies are needed to determine the true
lifetime prevalence of epileptic spasms in this population. Generally, children with
DS and epileptic spasms tend to be more responsive to treatment and have better out-
comes than children with epileptic spasms of unknown etiology (ie, without DS), in
terms of response and relapse rates as well as the development of intractable epilepsy

(eg, Lennox-Gastaut syndrome).
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occur in individuals with DS, most commonly within the
first year of life as epileptic spasms, a condition first de-
scribed by WJ West in 1841. These ictal flexor or exten-
sor spasms are often seen with a characteristic high-voltage
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interictal pattern on electroencephalography (EEG) known
as hypsarrhythmia and are accompanied by developmen-
tal stagnation or regression.2 DS is one of the most com-
mon etiologies of epileptic spasms, but the pathogenesis of
epileptic spasms in DS is unknown.*® It is sometimes at-
tributable to a comorbidity such as hypoxic encephalopathy
from congenital heart disease surgery or perinatal asphyxia
(these cases are referred to as ‘‘structural-metabolic’’).7 In
other cases, however, the cause of the spasms cannot be
easily identified (these cases are referred to as “unknown’)
or is attributed to the underlying DS (“genetic” etiology).
The consequences of these epileptic spasms can be neu-
rologically devastating for some patients with Down syn-
drome, so prompt recognition and treatment is necessary to
optimize the outcomes of individuals with DS and epileptic
spasms.

There have been many case reports and smaller reviews of
the literature published about epileptic spasms in individuals
with Down syndrome, but there are no recent reviews that
compile the available data to gain insight about the lifetime
prevalence, current standard of care, and outcomes of indi-
viduals with this condition.®™"! This comprehensive review of
the available literature aims for several objectives: to provide
an updated understanding of the pathogenesis of epileptic
spasms; to describe the clinical characteristics and diagnosis
of the disorder in this population; and to discuss the treatment
response and developmental outcomes in patients with DS
and epileptic spasms.

2 | METHODS

2.1 | Sources

A comprehensive literature search of the PubMed,
MEDLINE, Embase, and Web of Science databases was

conducted on April 25, 2020 (Table 1). We also searched
the references of original articles obtained via these initial

TABLE 1 Electronic search strategy

1 (“down syndrome”’[MeSH Terms] OR “down
syndrome”[All Fields]) AND (“spasms, epileptic’[MeSH
Terms] OR “epileptic spasms”’[All Fields])

2 (“trisomy 21”°[MeSH Terms] OR “trisomy 21”[All Fields]

OR “down's syndrome”[All Fields]) AND (“West
syndrome”[MeSH Terms] OR “West syndrome”’[All

Fields])

3 1 and 2

4 “hypsarrhythmia”[All Fields] OR “epileptic
syndromes”[MeSH terms] OR “nodding spasm”[All
Fields]

5 3 and 4

Key points

e The global clinic-based lifetime prevalence of epi-
leptic spasms in individuals with Down syndrome
(DS) is 1.8% (95% CI: 1.4%-2.3%)

e Diagnosis of epileptic spasms tends to be later
in children with DS than without DS (mean age
7 months vs. 5 months old, respectively)

e Most patients with DS and epileptic spasms ex-
perience developmental delay that is more severe
than in those with DS alone

e Response rate of epileptic spasms to adrenocorti-
cotropic hormone was highest (81%) compared to
vigabatrin (55%) and other therapies

e There are no currently known predictors of treat-
ment response or developmental outcome

searches for additional publications to include in the re-
view. References were managed using Zotero (Corporation
for Digital Scholarship, Vienna, VA and Roy Rosenzweig,
Center for History and New Media, Fairfax, VA).

2.2 | Study selection

We screened titles and abstracts to identify papers pertain-
ing to epileptic spasms or West syndrome, as well as Down
syndrome. The full-length versions of those papers identified
in the initial step were obtained and subsequently screened
for inclusion in the literature review. Inclusion criteria were
as follows: (a) full-length article was in English and (b) pa-
tients described did not have epileptic spasms due to a known
structural lesion or other underlying cause (ie, not “structural-
metabolic” epileptic spasms). Articles must have discussed
epileptic spasms in individuals with or animal models of
DS and/or the lifetime prevalence, diagnosis, treatment, out-
comes, or underlying etiology of epileptic spasms in the DS
population. No restriction was placed on the year of publica-
tion of the articles.

2.3 | Data analysis

To analyze the lifetime prevalence of epileptic spasms and/or
epilepsy in patients with Down syndrome as reported in prior
studies, data from several papers were aggregated indepen-
dently by the first two authors to ensure correct interpretation/
transcription. Discrepancies were discussed and resolved to mu-
tual satisfaction by further review of the data. Means and 95%
confidence intervals were calculated using IBM SPSS Statistics
(IBM Corp).
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3 | RESULTS AND DISCUSSION
3.1 | Lifetime prevalence

Though the true lifetime prevalences of epileptic spasms and/
or epilepsy in DS are not known due to a lack of population-
based studies, several articles have been published reporting
patient numbers from various clinics and medical centers
worldwide. The global clinic-based lifetime prevalence of
epileptic spasms in individuals with DS ranged from 0.4% to
12.8%, with a median of 2.1% (Table 2).>''"*' The lifetime
prevalence from the aggregate data is 1.8% (95% CI 1.4%-
2.3%). While the range of prevalences is wide from the data,
1.8% is within the 95% CI of 7 out of the 12 studies. In the
general population, the lifetime prevalence of epileptic spasms
is about 0.02%-0.035%.>*

The clinic-based lifetime prevalence of epilepsy in
DS ranges from 1.6% to 23.1%, with a median of 7.5%
(Table 3).>12718:2021 The Jifetime prevalence from the aggre-
gate data is 5.8% (95% CI 5.0%-6.7%). While the range of
prevalences among the studies is wide, 5.8% is within the
95% CI of 7 out of the 10 studies. The general population has
a 0.6% prevalence of active epilepsy.23

The clinic-based lifetime prevalence of epileptic spasms
in patients with known seizures and DS ranges from 6.7% to
66.7%, with a median of 37.1% (Table 4).*>12718.20.21L.24 Tpe
lifetime prevalence from the aggregate data is 37.4% (95% CI
31.9%-42.9%). While the range of prevalences is wide from
the data, 37.4% is within the 95% CI of 8 out of the 12 studies.

While there is a wide variability in these estimates across
studies, most studies have similar calculated prevalences and

support our aggregate calculations, with a few outliers. The
low prevalence of epileptic spasms greatly limits the pre-
cision with which individual studies are able to determine
lifetime prevalence. It is also likely that epileptic spasms are
more prevalent in clinics/hospitals than in the general popula-
tion of people with Down syndrome. While it is possible that
there is geographical variation or other sources of error, there
are not enough data to assess those possibilities.

Only three published studies have reported gender demo-
graphics on patients with DS and epileptic spasms, so there is
not enough data to assess the gender distribution of epileptic
spasms within DS.!318:25

3.2 | Pathogenesis

There are several animal models and investigated cellular
pathways of epileptic spasms that are out of the scope of
this review, but they are covered in-depth in several other

reviews.03!

3.21 | Animal models

There are several criteria for the ideal animal model of epi-
leptic spasms: (a) Seizures must be specific to the epilep-
tic stage; (b) seizures must be spontaneous, clustered, and
spasm-like (flexor, extensor, or mixed); (c) interictal EEG
must resemble hypsarrhythmia and ictal EEG must demon-
strate electrodecremental response (EDR); (d) there must be
developmental regression or stagnation; and (e) there must

TABLE 2 Reported lifetime prevalence of epileptic spasms (ES) in individuals with Down syndrome

Age of onset

<lyear >1year
Paper (Year) Number of subjects Subjects with ES  Percentage with ES (95% CI) of age of age
Barca (2014)"? 39 5 12.8% (2.3%-23.3%) 5 0
Meeus (2015)*! 130 8 6.2% (2.0%-10.3%) 8 0
Romano (1990)"° 113 4 3.5% (0.1%-6.9%) 4 0
van Trotsenburg (2006)"° 176 6 3.4% (0.7%-6.1%) 6 0
Escofet (1995) 286 9 3.1% (1.1%-5.2%) a a
Goldberg-Stern (200" 350 9 2.6% (0.9%-4.2%) 9 0
Pueschel (1991)'* 405 6 1.5% (0.3%-2.7%) 6 0
Yamanouchi (2005)° 71 1 1.4% (0.0%-4.1%) 0 1
Tatsuno (1984)'8 844 8 0.9% (0.3%-1.6%) 7 1
Stafstrom (1991)"7 737 6 0.8% (0.2%-1.5%) 2 2
Kwong (1996)*° 124 1 0.8% (0.0%-2.4%) a a
Smigielska-Kuzia (2009)'¢ 252 1 0.4% (0.0%-1.2%) 0 1
Overall 3527 64 1.8% (1.4%-2.3%)

Specific age of onset unavailable for some patients.
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TABLE 3 Reported lifetime prevalence of epilepsy in individuals with Down syndrome

Age of onset

(31.9%-42.9%)

“Specific age of onset unavailable for some patients.

Number of Percentage with epilepsy <1 year >1 year
Paper (Year) subjects Subjects with epilepsy 95% CI) of age of age
Barca (2014)"? 39 9 23.1% (9.9%-36.3%) 5 4
Meeus (2015)*! 130 12 9.2% (4.3%-14.2%) 9 3
Romano (1990)'3 113 9 8.0% (3.0%-13.0%) 5 4
Pueschel (1991)'* 405 33 8.1% (5.5%-10.8%) 10 15
Goldberg-Stern (2001)"? 350 28 8.0% (5.2%-10.8%) : :
Yamanouchi (2005)° 71 5 7.0% (1.1%-13.0%) 0 5
Stafstrom (1991)" 737 47 6.4% (4.6%-8.1%) 19 28
Smigielska-Kuzia (2009)' 252 15 6.0% (3.0%-8.9%) 2 13
Tatsuno (1984)'® 844 19 2.3% (1.3%-3.3%) 11 8
Kwong (1996)%° 124 2 1.6% (0.0%-3.8%) 2 2
Overall 3065 179 5.8% (5.0%-6.7%)
Specific age of onset unavailable for some patients.
T A B~L E 4 . Re.port(?d percentage Age of onset
of patients with epileptic spasms (ES)
out of patients with known Down Number of Subjects  Percentage with <lyear >1year
syndrome + seizures Paper (year) subjects with ES ES (95% CI) of age of age
Meeus (2015)*! 12 8 66.7% 8 0
(40.0%-93.3%)
Barca (2014)"? 9 5 55.6% 5 0
(23.1%-88.0%)
Kumada (2005)* 19 10 52.6% 10 0
(30.2%-75.1%)
Kwong (1996)*° 2 1 50.0% 2 2
(0.0%-100.0%)
Verrotti 2013)* 104 51 49.0% 48 3
(39.4%-58.6%)
Tatsuno (1984)'8 19 8 42.1% 7 1
(19.9%-64.3%)
Goldberg-Stern 28 9 32.1% 9 0
(200" (14.8%-49.4%)
Romano (1990)" 9 4 44.4% 4 0
(12.0%-76.9%)
Pueschel (1991)'* 25 6 24.0% 6 0
(7.3%-40.7%)
Yamanouchi 5 1 20.0% 0 1
(2005)° (0.0%-55.1%)
Stafstrom 47 6 12.8% 4 a
1991)"7 (3.2%-22.3%)
Smigielska-Kuzia 15 1 6.7% 0 1
(2009)' (0.0%-19.3%)
Overall 294 110 37.4%
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be epileptic spasms-like response to antiepileptic drugs
(AEDs).*!*?
The Ts65Dn mouse model of DS satisfies several of

these criteria without any additional modification.*® While
there are no spontaneous seizures at baseline, extensor
spasms and EDR can be induced by administration of ba-
clofen (a GABAjg agonist) or y-butyrolactone (a prodrug
of the GABAg agonist y-hydroxybutyrate) to Ts65Dn mice
between one week and two months of age.32 Furthermore,
these induced spasms are prevented/aborted with vigabatrin,
ACTH, valproate, and ethosuximide, but are exacerbated by
5-hydroxytryptophan (a serotonin precursor).3 2 GABAg re-
ceptor-2 expression was also significantly increased in the
thalamus and medulla oblongata of these mice, compared
to controls.*> We discuss the specific cellular pathways for
seizures in Ts65Dn mice in the following section, Cellular
Pathways. The main limitations with the Ts65Dn model are
that the seizures are not restricted to the epileptic stage and
are not spontaneous.’’

In addition to congenital models, there are several ac-
quired models of epileptic spasms. For example, an intrace-
rebrovascular injection of corticotropin-releasing hormone
(CRH) during the second week of life in rats will inhibit the
hypothalamic-pituitary-adrenal (HPA) axis, leading to severe
seizures (“the CRH model”).34 The associated EEG demon-
strates rhythmic and sharp activity, but there are no epilep-
tic spasms. Administration of adrenocorticotropic hormone
(ACTH) does not have an effect on these seizures.

Intraperitoneal injection of N-methyl-p-aspartate
(NMDA) in rat pups between postnatal days five and ten
leads to clusters of acute seizures with hyperflexion and
tonic spasms of the entire body (“the NMDA model”).*
The interictal EEG shows slow waves with superimposed
fast activity, which, while not true hypsarrhythmia, is sim-
ilar. Later in adulthood, there are cognitive, spatial, and
memory deficits.* If rats are prenatally subjected to beta-
methasone (mimicking prenatal stress and altering the HPA
axis) or are exposed to restraint stress, spasms start earlier
and are more frequent.”’39 Pretreatment with ACTH or
methylprednisolone leads to reduced frequency of spasms
and increased latency of onset. Similarly, pretreatment with
vigabatrin suppresses spasms.37 Pretreatment with ganax-
olone (a steroid and GABA , positive modulator) also de-
lays onset of spasms.40

3.2.2 | Cellular pathways

Specific human genes involved in the pathogenesis of epi-
leptic spasms have been difficult to identify because of small
sample sizes. In a study of children with epileptic spasms and
co-occurring DS or tuberous sclerosis complex, most patho-
genic genes were only seen in one or two patients.*'

The G protein-regulated inward-rectifier potassium chan-
nel 2 (GIRK?2) protein, which is linked to the GABAg recep-
tor in neurons, has been implicated in epileptic spasms and
DS from studies of the Ts65Dn mouse model. The GIRK?2
gene is part of the region that is triplicated in the mice (and
humans with DS). Detriplicating the gene leads to return of
normal EEG activity and lack of seizures in Ts65Dn mice.*?
Similarly, administering tertiapin-Q (a GIRK antagonist) to
Ts65Dn mice also rescued them from spasms and EEG ab-
normalities.*” In the detriplicated model, GIRK2 levels were
reduced in the cortex, thalamus, hippocampus, and brainstem
relative to the Ts65Dn mice (and comparable to the levels in
wild-type mice).* However, isolated triplication of GIRK2
in wild-type mice did not lead to spasms or abnormal EEG
findings, suggesting that GIRK2 overexpression is necessary,
but not sufficient, for epileptic spasms.43

While vigabatrin inhibits GABA transaminase, indi-
rectly stimulating GABAj receptors (similar to the action
of GIRK2), as well as GABA, receptors, it paradoxically
treats epileptic spasms, suggesting a different pharmaco-
logic mechanism of action.*” One possible explanation is
the “mammalian target of rapamycin” (mTOR) hypothesis.
A serine/threonine kinase, mTOR, is implicated in a vari-
ety of cellular functions, such as metabolism, inflammation,
hormonal signaling, and cell survival. It also plays a role in
neuronal development and function, although its specific
functions are not yet well-defined. In tuberous sclerosis com-
plex, a condition with excessive mTOR activity, one-third of
the epilepsy cases manifest as epileptic spasms, suggesting
that mTOR plays a role in the pathophysiology of the dis-
ease.** It was found that vigabatrin treats seizures and par-
tially inhibits mTOR in mouse models of tuberous sclerosis
complex.45 In the multiple-hit model of epileptic spasms, the
mTOR pathway was found to be overactivated in the cortical
regions of pups during spasms.*® Rapamycin (an mTOR in-
hibitor) administration led to a dose-dependent suppression
of spasms and improvement of learning deficits in the rats.*®
Pretreatment with rapamycin in the NMDA model did not
lead to any noticeable effect on NMDA spasms.37

3.3 | Diagnostic process

Time from onset of epileptic spasms to diagnosis in children
with DS has been found to be delayed by two main factors.
First, epileptic spasms can be mistaken for a variety of other
medical conditions that frequently co-occur with DS—such
as hypotonia, developmental delay, or gastroesophageal re-
flux disease.*”*® Secondly, the signs of epileptic spasms can
be subtle, leading to delay between the onset of symptoms
and the caregivers becoming sufficiently concerned to seek
medical care.* As of publication, no studies have examined
interventions to reduce delay in diagnosis by either of these
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causes, which should be a high priority for future research.
In one study of 12 children, only two patients had less than
one month between onset and diagnosis (range for detection:
2 weeks to 25 months).49

While the signs and symptoms of epileptic spasms are
similar among children with and without DS, age of onset is
different. Children with DS tend to experience onset later than
children without DS (mean age 7 months old vs 5 months old,
respectively).so

There are mixed reports regarding potential develop-
mental delay prior to onset of epileptic spasms (compared
to children with DS that do not develop epileptic spasms).
However, the majority of patients do experience developmen-
tal delay relative to their peers with DS once epileptic spasms
begin.zs’ﬂ’52 This further delay can become clinically signifi-
cant before the epileptic spasms are diagnosed.’

3.4 | Electrophysiological and
imaging findings

The majority of children with DS and epileptic spasms ex-
hibit hypsarrhythmia on EEG, but modified hypsarrhythmia
is also prevalent.‘*"&10—13 15.18.24.25.48-56 presence of either
hypsarrhythmia or modified hypsarrhythmia, however, is not
prognostically valuable. In the aggregation of published pa-
tients with documented EEG and outcome (n = 141), 94/126
(75%) of patients with hypsarrhythmia and 11/18 (61%) of
patients with modified hypsarrhythmia achieved complete
control of epileptic spasms (P = .23).

Computed tomography (CT) of the head is frequently nor-
mal in patients with DS and epileptic spasms, but volume
loss is also a common finding.lo’ls’”’l&
nance imaging (MRI) of the head is commonly abnormal—of
the 49 patients with MRI results published in the literature,
24 had abnormal findings—but no specific finding has been
identified to be prevalent within this group.S 17:20.242554 e
retrospective review of 36 children with Down syndrome and
epileptic spasms found that patients with structural abnor-
malities on MRI were more likely to have refractory epilepsy
than the patients without them.”’ While these abnormalities
did not influence medical treatment, they could potentially
be studied for utility in prognostication. Unlike CT and MRI,
positron emission tomography (PET) frequently reveals met-
abolic abnormalities in the brains of people with epileptic
spasms (42/140 abnormalities with CT and MRI vs 134/140
with PET).”® However, the overwhelming majority of pa-
tients in this study did not have DS, so the applicability to
the DS population is unclear. To date, no publications have
examined PET imaging in patients with DS and epileptic
spasms. Since many of these patients develop epilepsy, it may
be worthwhile to examine the relationship between metabol-
ically active regions of the brain during epileptic spasms and

2351-53 Magnetic reso-
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future epileptic foci in the hopes of risk-stratifying patients
with respect to risk of developing epilepsy. Future research
should also examine potential screening modalities for epi-
leptic spasms, since their manifestations can be subtle.

3.5 | Treatment

Table 5 shows the aggregated results of therapy with ACTH/
corticosteroids versus vigabatrin, and Table 6 shows the re-
sults of other AEDs and combination therapy for epileptic
spasms in the DS population.w’l1'13’18'21’25 48525456 Oyerall,
the treatment responses for children with DS and epileptic
spasms appear to mimic the responses for the general popu-
lation of children with epileptic spasms (regardless of DS).
Like in the general population, ACTH/corticosteroids and
vigabatrin are the mainstays of therapy. ACTH/corticoster-
oids have the strongest evidence supporting their use in the
DS population, with 85 subjects identified for whom results
of therapy were reported. Response rate (81%) was high,
while relapse rate (30%) was relatively low. Vigabatrin had
a lower response rate (55%) with a lower relapse rate (25%),
but the combined sample size for this monotherapy was much
smaller (22 patients), and the response rate varied greatly
among studies. Combination therapy had a similar response
rate (74%), while an aggregate of all other AEDs had a much
lower one (31%). Preference is usually given to ACTH/cor-
ticosteroids over vigabatrin due to generally milder side ef-
fects/toxicity (the side effect profiles of both medications
in patients with DS are comparable to those in the general
population).

A ketogenic diet did demonstrate some success at con-
trolling refractory epileptic spasms in patients with DS, but
the sample size in the literature is small (10 reports).50’59’60
Overall, 8 out of 10 patients responded to the treatment,
with half of them achieving complete seizure control. In
the general population of patients with epileptic spasms
(but not necessarily DS), ketogenic diet is reasonably ef-
ficacious for reducing the severity of seizures in patients
resistant to first-line therapy (ACTH/corticosteroids and
vigabatrin).®"*> While generally well tolerated, adverse ef-
fects include transient vomiting, lethargy, refusal to eat or
drink, and diarrhea; a study of 104 infants (mostly with-
out DS) with epileptic spasms treated with ketogenic diet
reported adverse effects in one-third of their sample.so’61
Unfortunately, the body of research on children with DS
and epileptic spasms treated with ketogenic diet is small, so
more research is necessary to show safety and efficacy in
this population.

Vitamin By has been used as treatment for epileptic
spasms, but there is scant literature on its use as a mono-
therapy. Only one report was found of successful treatment
without combination with prednisone or ACTH.” There
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TABLE 5 Treatment outcomes of epileptic spasms in individuals with Down syndrome
ACTH/Corticosteroids monotherapy Vigabatrin monotherapy
Number of # Subjects on # Subjects on
subjects therapy Response Relapse therapy Response Relapse
Pollack (1978)' 5 2 100% 0% - - -
Tatsuno (1984)'® 8 5 100% 40% - - -
Stafstrom (1994)"! 17 13 92% - - - -
Silva (1996)* 14 10 100% 40% 2 100% 50%
Goldberg-Stern (2001)"? 9 2 100% 50% - - -
Nabbout (2001)* 5 - - - 5 80% 0%
Eisermann (2003)"! 18 7 100% - 4 100% -
Karvelas (2009)> 4 3 67% 33% 2 50% 0%
Sanmaneechai (2013)* 12 10 70% 57% - - -
Tapp (2015)* 13 2 100% 0% - - -
Marandi (2016)*° 15 9 22% 0% 5 0% -
Beatty (2017)° 11 11 100% 0% 5 = =
Armstrong (2019)>* 21 11 64% 27% 4 25% 25%
Overall 152 85 81% 30% 22 55% 25%
TABLE 6 Treatment outcomes of epileptic spasms in individuals with Down syndrome
Other AEDs monotherapy Combination therapy
Number of # Subjects on # Subjects on
subjects therapy Response  Relapse  therapy Response  Relapse
Pollack (1978)"° 5 - - - 3 33% 0%
Tatsuno (1984)'® 8 1 100% 0% 2 50% 0%
Stafstrom (1994)"! 17 6 67% 0% 3 33% 0%
Silva (1996)* 14 3 67% 0% - - -
Goldberg-Stern (2001)" 9 7 86% 0% 2 100% 0%
Nabbout (2001)¥ 5 = = = 1 0% 0%
Eisermann (2003)°! 18 1 100% - 6 83% -
Sanmaneechai (2013)* 12 6 17% 0% 1 0% 0%
Meeus (2015)*' 8 - - - 8 88% 0%
Tapp (2015)* 13 1 100% 0% 10 90% 0%
Marandi (2016)*° 15 36 11% 0% 2 100% 0%
Armstrong (2019)>* 21 6 17% 0% - - -
Overall 145 67 31% 0% 38 74% 0%
are four documented cases of improvement, but they all 3.6 | Outcomes

involve combination with either ACTH or prednisone.lo’f’3

Similarly, phenobarbital has only been documented as ef-
fective in two cases when it was used in combination with
prednisone.'? It was unsuccessful in three cases when used
without prednisone.lo’53 In one instance, it did success-
fully abort epileptic spasms, but relapse was experienced
16 months later and required valproate and hydrocortisone
for control.®

Post-treatment EEG normalized in the majority of reported
cases that did not progress to epilepsy.12’24‘64

Predicting prognosis for patients is important for planning
treatment and counseling parents; however, there are no cur-
rently known predictors of treatment response. Some have
suggested that shorter delays between onset of spasms and ini-
tiation of treatment lead to better outcomes (developmentally
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and neurologically), but data are limited and more research
is required.zs’ﬂ’5 % There is a strong correlation between poor
seizure outcome and severe intellectual disability (as mea-
sured by 1Q), but causation has not been shown.*

Generally, children with DS and epileptic spasms tend to
be more responsive to treatment and have better outcomes
than children with epileptic spasms of unknown etiology
(ie, without DS), in terms of response and relapse rates.” ">
However, time between initiation of treatment and response
did not differ between the two groups.55

3.7 | Developmental implications
Developmental delay (relative to individuals with DS without
epileptic spasms) commonly develops after the onset of epilep-
tic spasms. Even if the epileptic spasms are treated sufficiently
to achieve long-term remission, there is frequently a long-
lasting negative developmental impact.12‘13’19’48’49’51’53 3465
Behavior and cognition tend to be affected more than motor
development.s’11 Few studies have examined the lifetime prev-
alence of autism spectrum disorder (or its associated features)
in the population of people with DS and epileptic spasms, but
there has been a correlation noted between the two.' 4!
While a developmental delay frequently develops during the
course of epileptic spasms, many studies have noted that the
delay either improves or resolves altogether after cessation of
spasms.lz’zs"w’52 The effect of shorter time between onset and
treatment on progression of development is unclear, as few
studies have examined this and have conflicting results.*®!

4 | CONCLUSIONS
Although DS is classically associated with the neurological fea-
tures of intellectual disability and hypotonia, individuals with
DS can also develop seizures, including epileptic spasms that
can have a profound, and often devastating, impact on a pa-
tient's development and future outcomes. This study aimed to
review all the relevant literature pertaining to epileptic spasms
in DS in order to better characterize the current knowledge of
underlying etiology, clinical and EEG features, response to
treatment, and outcomes of individuals in this population.
Many studies have explored the lifetime prevalence of ep-
ileptic spasms in various clinic-based cohorts of patients with
DS, but a population-based study would be required to deter-
mine the true lifetime prevalence of epileptic spasms. At this
time, no population-based databases are available, although
efforts are underway.66 Additionally, further studies are re-
quired to determine the gender differences in incidence and
time to diagnosis, as well as the impact of gender on treatment
outcome and prognosis, as these remain unclear. The reported
lifetime prevalence in all the published studies, however,

exceeds that of the general population, consistent with previ-
ous studies demonstrating an increased frequency of epileptic
spasms and epilepsy among individuals with DS.%

Analysis of treatment outcomes in patients with DS and
epileptic spasms, however, suggests that individuals with DS
have a more favorable response to treatment than patients
with epileptic spasms due to other causes, with many studies
demonstrating a high rate of response to ACTH as well as
vigabatrin. These comparisons are limited, however, due to
lack of consistency of dosing across studies, as well as vari-
able follow-up periods. Though it has been suggested that a
shorter time between the onset of epileptic spasms and initi-
ation of treatment leads to better treatment outcomes, there
is limited and conflicting literature on this topic, and this
remains an area ripe for further study. Several studies have
shown better outcomes in patients with DS and epileptic
spasms when compared to other causes of epileptic spasms,
with fewer patients going on to develop persistent seizures or
other forms of epilepsy, such as Lennox-Gastaut syndrome.

Though several mouse models of epileptic spasms exist, the
mechanism behind an increased susceptibility to epileptic spasms
in patients with Down syndrome has not yet been fully elucidated
and remains an area for further study. GIRK2 has been identified
as a potential contributor to epileptic spasms through studies of
the Ts65Dn mouse model, but overexpression of GIRK?2 alone
has been shown to be insufficient for the development of epilep-
tic spasms. Additionally, genetic studies of individuals with DS
and epileptic spasms have not shown any genetic variants present
in more than one or two participants. Better understanding of the
role of genes in causing epileptic spasms could potentially aid in
the diagnosis and treatment of this condition, not only in patients
with Down syndrome, but in the population at large.

This review summarizes results from a relatively large co-
hort of individuals with epileptic spasms and DS, but most stud-
ies were retrospective analyses, and results, including lifetime
prevalence data, treatment response, and developmental out-
comes, were still variable among studies. As epileptic spasms
are rare, and individuals with Down syndrome and epileptic
spasms make up a small proportion of the total population of
individuals with DS, multicenter prospective studies will be
necessary to better characterize the natural history of this disor-
der and to improve both treatment and outcomes.

ACKNOWLEDGMENTS

The authors would like to thank the members of the Down
Syndrome Program team at Massachusetts General Hospital
for their support in writing this review.

CONFLICTS OF INTEREST

BGS occasionally consults on the topic of Down syndrome
through Gerson Lehrman Group. He receives remuneration
from Down syndrome nonprofit organizations for speaking
engagements and associated travel expenses. BGS receives



32 | Epilepsia Open®

KATS ET AL.

annual royalties from Woodbine House, Inc, for the publica-
tion of his book, Fasten Your Seatbelt: A Crash Course on
Down Syndrome for Brothers and Sisters. Within the past two
years, he has received research funding from F. Hoffmann-La
Roche, Inc and LuMind IDSC Research Down Syndrome
Foundation to conduct clinical trials for people with Down
syndrome. BGS is occasionally asked to serve as an expert
witness for legal cases where Down syndrome is discussed.
BGS serves in a nonpaid capacity on the Honorary Board of
Directors for the Massachusetts Down Syndrome Congress
and the Professional Advisory Committee for the National
Center for Prenatal and Postnatal Down Syndrome Resources.
BGS has a sister with Down syndrome. The remaining authors
have no conflicts of interest. We confirm that we have read
the Journal's position on issues involved in ethical publication
and affirm that this report is consistent with those guidelines.

AUTHOR CONTRIBUTIONS

KJR and BGS contributed to the conception and design of
this work. KJR and DJK contributed to the literature review
as well as the drafting of the manuscript and figures. All au-
thors contributed to the editing of the manuscript.

ORCID

Daniel J. Kats "= https://orcid.org/0000-0001-7591-6222
Katherine J. Roche "= https://orcid.
org/0000-0002-9714-7310

Brian G. Skotko "= https://orcid.org/0000-0002-5232-9882

REFERENCES

1. de Graaf G, Buckley F, Skotko BG. Estimates of the live births,
natural losses, and elective terminations with Down syndrome in
the United States. Am J Med Genet A. 2015;167(4):756-67.

2. Osborne JP, Lux AL, Edwards SW, Hancock E, Johnson AL,
Kennedy CR, et al. The underlying etiology of infantile spasms
(West syndrome): Information from the United Kingdom Infantile
Spasms Study (UKISS) on contemporary causes and their classifi-
cation2. Epilepsia. 2010;51(10):2168-74.

3. Ohtahara S, Ohtsuka Y, Yamatogi Y, Oka E, Yoshinaga H,
Sato M, et al. Prenatal etiologies of West Syndrome. Epilepsia.
1993;34(4):716-22.

4. Kumada T, Ito M, Miyajima T, Fujii T, Okuno T, Go T, et al. Multi-
institutional study on the correlation between chromosomal abnor-
malities and epilepsy. Brain Develop. 2005;27(2):127-34.

5. Yamanouchi H, Imataka G, Nakagawa E, Nitta A, Suzuki N, Hirano
J-1, et al. An analysis of epilepsy with chromosomal abnormalities.
Brain Develop. 2005;27(5):370-7.

6. Osborne JP, Edwards SW, Alber FD, Hancock E, Johnson AL,
Kennedy CR, et al. The underlying etiology of infantile spasms
(West syndrome): information from the International Collaborative
Infantile Spasms Study (ICISS). Epilepsia. 2019;60(9):1861-9.

7. Arya R, Kabra M, Gulati S. Epilepsy in children with Down syn-
drome. Epileptic Disord. 2011;13(1):1-7.

8. Ben Hamouda H, Mnasri H, Ghanmi S, Soua H, Sakli G, Dogui M,
et al. West syndrome associated with Down syndrome: case report
and literature review. Pediatr Pol. 2014;89(3):203-6.

10.

11.

12.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Nascimento A, Ortez C. Infantile spasms and Down syndrome. Int
Med Rev Down Syndrome. 2009;13(2):22—4.

Pollack MA, Golden GS, Schmidt R, Davis JA, Leeds N. Infantile
spasms in down syndrome: A report of 5 cases and review of the
literature. Ann Neurol. 1978;3(5):406-8.

Stafstrom CE, Konkol RJ. Infantile spasms in children with Down
syndrome. Dev Med Child Neurol. 1994;36(7):576-85.

Barca D, Tarta-Arsene O, Dica A, Iliescu C, Budisteanu M,
Motoescu C, et al. Intellectual disability and epilepsy in Down
Syndrome. Maedica (Buchar). 2014;9(4):344-50.

. Goldberg-Stern H, Strawsburg RH, Patterson B, Hickey F, Bare M,

Gadoth N, et al. Seizure frequency and characteristics in children
with Down syndrome. Brain Develop. 2001;23(6):375-8.
Pueschel SM, Louis S, McKnight P. Seizure disorders in Down
Syndrome. Arch Neurol. 1991;48(3):318-20.

Romano C, Tiné A, Fazio G, Rizzo R, Colognola RM, Sorge G, et
al. Seizures in patients with trisomy 21. Am J Med Genet Part A.
1990;37(S7):298-300.

Smigielska—Kuzia J, Sobaniec W, Kutak W, Boc¢kowski L. Clinical
and EEG features of epilepsy in children and adolescents in Down
Syndrome. J Child Neurol. 2009;24(4):416-20.

Stafstrom CE, Patxot OF, Gilmore HE, Wisniewski KE. Seizures
in children with down syndrome: etiology, characteristics and out-
come. Dev Med Child Neurol. 1991;33(3):191-200.

. Tatsuno M, Hayashi M, Iwamoto H, Suzuki Y, Kuroki Y. Epilepsy

in childhood down syndrome. Brain Develop. 1984;6(1):37—44.
van Trotsenburg AP, Heymans HS, Tijssen JG, de Vijlder JJ,
Vulsma T. Comorbidity, hospitalization, and medication use and
their influence on mental and motor development of young infants
with down syndrome. Pediatrics. 2006;118(4):1633-9.

Kwong K, Wong V. Neurodevelopmental profile of Down syndrome
in Chinese children. J Paediatr Child Health. 1996;32(2):153-7.
Meeus M, Kenis S, Wojciechowski M, Ceulemans B. Epilepsy
in children with Down syndrome: not so benign as generally ac-
cepted. Acta Neurol Belg. 2015;115(4):569-73.

Pellock JM, Hrachovy R, Shinnar S, Baram TZ, Bettis D, Dlugos
DJ, et al. Infantile spasms: a U.S. consensus report. Epilepsia.
2010;51(10):2175-89.

Aaberg KM, Gunnes N, Bakken 1J, Lund Sgraas C, Berntsen A,
Magnus P, et al. Incidence and prevalence of childhood epilepsy: a
nationwide cohort study. Pediatrics. 2017;139(5):e20163908.
Verrotti A, Cusmai R, Nicita F, Pizzolorusso A, Elia M, Zamponi
N, et al. Electroclinical features and long-term outcome of cryp-
togenic epilepsy in children with down syndrome. J Pediatr.
2013;163(6):1754-8.

Silva ML, Cieuta C, Guerrini R, Plouin P, Livet MO, Dulac O.
Early clinical and EEG features of infantile spasms in down syn-
drome. Epilepsia. 1996;37(10):977-82.

Auvin S, Cilio MR, Vezzani A. Current understanding and neurobi-
ology of epileptic encephalopathies. Neurobiol Dis. 2016;92:72-89.
Galanopoulou AS. Basic mechanisms of catastrophic epilepsy —
overview from animal models. Brain Dev. 2013;35(8):748-56.
Galanopoulou AS, Moshé SL. Pathogenesis and new candidate treat-
ments for infantile spasms and early life epileptic encephalopathies: a
view from preclinical studies. Neurobiol Dis. 2015;79:135-49.
Janicot R, Shao L-R, Stafstrom CE. Infantile spasms: an update on
pre-clinical models and EEG mechanisms. Children. 2020;7(1):5.
Shao L-R, Stafstrom CE. Pediatric epileptic encephalopathies:
pathophysiology and animal models. Semin Peadiatr Neurol.
2016;23(2):98-107.


https://orcid.org/0000-0001-7591-6222
https://orcid.org/0000-0001-7591-6222
https://orcid.org/0000-0002-9714-7310
https://orcid.org/0000-0002-9714-7310
https://orcid.org/0000-0002-9714-7310
https://orcid.org/0000-0002-5232-9882
https://orcid.org/0000-0002-5232-9882

KATS ET AL.

353

Epilepsia Open®

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Stafstrom CE. Infantile spasms: a critical review of emerging ani-
mal models. Epilepsy Curr. 2009;9(3):75-81.

Cortez MA, Shen L, Wu Y, Aleem IS, Trepanier CH, Sadeghnia
HR, et al. Infantile spasms and Down syndrome: a new animal
model. Pediatr Res. 2009;65(5):499-503.

Galdzicki Z, Siarey RJ. Understanding mental retardation in
Down’s syndrome using trisomy 16 mouse models. Genes Brain
Behav. 2003;2(3):167-78.

Baram TZ, Schultz L. Corticotropin-releasing hormone is a
rapid and potent convulsant in the infant rat. Dev Brain Res.
1991;61(1):97-101.

Kabova R, Liptakova S, Slamberova R, Pometlova M, Velisek L.
Age-specific N-Methyl-D-Aspartate—induced seizures: perspec-
tives for the West syndrome model. Epilepsia. 1999;40(10):1357-69.
Stafstrom CE, Sasaki-Adams DM. NMDA-induced seizures in de-
veloping rats cause long-term learning impairment and increased
seizure susceptibility. Epilepsy Res. 2003;53(1):129-37.

Chachua T, Yum M-S, Veliskova J, VeliSek L. Validation of the rat
model of cryptogenic infantile spasms. Epilepsia. 2011;52(9):1666-77.
Velisek L, Jehle K, Asche S, Veliskova J. Model of infantile spasms
induced by N-methyl-D-aspartic acid in prenatally impaired brain.
Ann Neurol. 2007;61(2):109-19.

Yum M-S, Chachua T, VeliSkova J, VeliSek L. Prenatal stress
promotes development of spasms in infant rats. Epilepsia.
2012;53(3):e46—49.

Yum M-S, Lee M, Ko T-S, Velisek L. A potential effect of ga-
naxolone in an animal model of infantile spasms. Epilepsy Res.
2014;108(9):1492-500.

Berg AT, Chakravorty S, Koh S, Grinspan ZM, Shellhaas RA,
Saneto RP, et al. Why West? Comparisons of clinical, genetic
and molecular features of infants with and without spasms. PLOS
ONE. 2018;13(3):e0193599.

Joshi K, Shen L, Michaeli A, Salter M, Thibault-Messier G, Hashmi
S, et al. Infantile spasms in Down syndrome: rescue by knockdown
of the GIRK2 channel. Ann Neurol. 2016;80(4):511-21.

Joshi K, Shen L, Cao F, Dong S, Jia Z, Cortez MA. Kenj6(GIRK2)
trisomy is not sufficient for conferring the susceptibility to infan-
tile spasms seen in the Ts65Dn mouse model of down syndrome.
Epilepsy Res. 2018;145:82-8.

Chu-Shore CJ, Major P, Camposano S, Muzykewicz D, Thiele
EA. The natural history of epilepsy in tuberous sclerosis complex.
Epilepsia. 2010;51(7):1236-41.

Zhang B, McDaniel SS, Rensing NR, Wong M. Vigabatrin inhibits
seizures and mTOR pathway activation in a mouse model of tuber-
ous sclerosis complex. PLoS ONE. 2013;8(2):e57445.

Raffo E, Coppola A, Ono T, Briggs SW, Galanopoulou AS. A pulse
rapamycin therapy for infantile spasms and associated cognitive
decline. Neurobiol Dis. 2011;43(2):322-9.

Buterbaugh A, Visootsak J. Implications of delayed diagnosis of
infantile spasm in a child with Down syndrome. J Pediatr Neurol.
2014:12(2):105-7.

Tapp S, Anderson T, Visootsak J. Neurodevelopmental outcomes
in children with Down syndrome and infantile spasms. J Pediatr
Neurol. 2015;13(2):74-7.

Sanmaneechai O, Sogawa Y, Silver W, Ballaban-Gil K, Moshé SL,
Shinnar S, et al. Treatment Outcomes of West Syndrome in Infants
With Down Syndrome. Pediatr Neurol. 2013;48(1):42-7.

Marandi E, Kumar A, Kaddurah A, Chugani H. Infantile spasms
in children with Down Syndrome: Detroit experience. J Int Child
Neurol Assoc. 2017;16:116.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Eisermann MM, DeLaRailleére A, Dellatolas G, Tozzi E, Nabbout

R, Dulac O, et al. Infantile spasms in Down syndrome—effects of

delayed anticonvulsive treatment. Epilepsy Res. 2003;55(1):21-7.
Nabbout R, Melki I, Gerbaka B, Dulac O, Akatcherian C. Infantile
spasms in Down Syndrome: good response to a short course of
vigabatrin. Epilepsia. 2001;42(12):1580-3.

Escofet C, P6o P, Valbuena O, Gassié R, Sanmarti FX, Campistol
J. Infantile spasms in children with Down’s syndrome. Rev Neurol.
1995;23(120):315-7.

Armstrong D, Said RR. Outcomes of high-dose steroid therapy
for infantile spasms in children with trisomy 21. J Child Neurol.
2019;34(11):646-52.

Beatty CW, Wrede JE, Blume HK. Diagnosis, treatment, and out-
comes of infantile spasms in the Trisomy 21 population. Seizure.
2017;45:184-8.

Karvelas G, Lortie A, Scantlebury MH, Duy PT, Cossette P,
Carmant L. A retrospective study on aetiology based outcome of
infantile spasms. Seizure. 2009;18(3):197-201.

Trowbridge SK, Yuskaitis CJ, Baumer N, Libenson M, Prabhu
SP, Harini C. Brain MRI abnormalities in patients with infantile
spasms and Down syndrome. Epilepsy Behav. 2019;92:57-60.
Chugani HT, Conti JR. Etiologic classification of infantile spasms
in 140 cases: role of positron emission tomography. J Child Neurol.
1996;11(1):44-8.

Ahn WK, Park S, Kim HD. Protein-losing enteropathy as a compli-
cation of the ketogenic diet. Yonsei Med J. 2017;58(4):891-3.
Hirano Y, Oguni H, Shiota M, Nishikawa A, Osawa M. Ketogenic
diet therapy can improve ACTH-resistant West syndrome in Japan.
Brain Develop. 2015;37(1):18-22.

Hong AM, Turner Z, Hamdy RF, Kossoff EH. Infantile spasms
treated with the ketogenic diet: prospective single-center experi-
ence in 104 consecutive infants. Epilepsia. 2010;51(8):1403-7.
Numis AL, Yellen MB, Chu-Shore CJ, Pfeifer HH, Thiele EA. The
relationship of ketosis and growth to the efficacy of the ketogenic
diet in infantile spasms. Epilepsy Res. 2011;96(1):172-5.
Kajimoto M, Ichiyama T, Akashi A, Suenaga N, Matsufuji H,
Furukawa S. West syndrome associated with mosaic Down syn-
drome. Brain Develop. 2007;29(7):447-9.

Yamada K, Toribe Y, Kimizu T, Kimura S, Ikeda T, Mogami
Y, et al. Predictive value of EEG findings at control of epileptic
spasms for seizure relapse in patients with West syndrome. Seizure.
2014;23(9):703-7.

Marchal JP, Maurice-Stam H, Houtzager BA, Rutgers van
Rozenburg-Marres SL, Oostrom KJ, Grootenhuis MA, et al.
Growing up with Down syndrome: development from 6 months to
10.7 years. Res Dev Disabil. 2016;59:437-50.

National Institutes of Health. DS-Connect® [Internet]. [cited
2020]. Available from: https://dsconnect.nih.gov/

Appleton RE. West syndrome: long-term prognosis and social as-
pects. Brain Develop. 2001;23(7):688-91.

How to cite this article: Kats DJ, Roche KJ, Skotko
BG. Epileptic spasms in individuals with Down
syndrome: A review of the current literature. Epilepsia
Open. 2020,5:344-353. https://doi.org/10.1002/

epi4.12412



https://dsconnect.nih.gov/
https://doi.org/10.1002/epi4.12412
https://doi.org/10.1002/epi4.12412

