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Abstract

Changes in medical intervention over the last decade have improved outcomes for

individuals with trisomy 18, the second most common human aneuploidy syndrome

at birth. As children with trisomy 18 live longer, a shared concern of medical experts

and parents is the occurrence and treatment of seizures. Previously published surveil-

lance guidelines for this condition have not addressed seizure management. Using

parent-reported data collected as part of the Tracking Rare Incidence Syndromes

project, we report on the prevalence, course, and management of seizures in individ-

uals with trisomy 18. Twenty-eight percent (52/186) of individuals diagnosed with

trisomy 18 in our retrospective cohort experienced generalized, focal, or mixed sei-

zures at some point in their lifetime. For many individuals, seizures were effectively

managed by broad-spectrum anti-seizure medications. Correlation analysis showed

that focal and generalized seizures were more likely to occur in individuals who had

previously experienced infantile spasms or central apnea. Electroencephalogram test-

ing should be considered as part of a standard screening approach in individuals with

trisomy 18 to enable early diagnosis and treatment of seizures. An international regis-

try that incorporates parent-reported and clinical data for patients with trisomy

18 may facilitate ongoing research and recruitment into clinical trials for seizure

management.
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1 | INTRODUCTION

Trisomy 18, also known as Edwards syndrome, is the second most

common autosomal trisomy in newborns with a prevalence ranging

from 1:3600–1:8500 (Crider et al., 2008; Embleton et al., 1996;

Forrester & Merz, 1999; Irving et al., 2011; Rasmussen et al., 2003;

Root & Carey, 1994). Caused by an additional full or partial copy of

chromosome 18, trisomy 18 has long been considered to be a lethal

condition, resulting in stillbirth or death in the first hours to days of

life. Historically, only a small percentage of liveborn individuals with

trisomy 18 (0%–8%) survived beyond their first year of life (Brewer

et al., 2002; Carter et al., 1985; Embleton et al., 1996; Goldstein &

Nielsen, 1988; Lin et al., 2006; Niedrist et al., 2006; Rasmussen

et al., 2003; Root & Carey, 1994; Weber, 1967). Recent technological

and medical innovations, including advances in cardiac surgery and

respiratory support, have improved infant survival (Janvier

et al., 2012). Internet-based social support networks have also led to

increased parental awareness and advocacy for medical care options

for children with trisomy 18 (Janvier et al., 2012). In the past decade,

trisomy 18 survivorship has increased in many countries, although

mortality remains high with at most 25% of individuals with trisomy

18 surviving beyond 1 year (Cortezzo et al., 2022; Goel et al., 2019;

Hsiao et al., 2009; Meyer et al., 2016; Nelson et al., 2016;

Neubauer & Boss, 2020; Rasmussen et al., 2003). More recently, 10%

of individuals with this condition who underwent surgical interven-

tions survived at least 10 years (Nelson et al., 2016). With more
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children surviving past infancy, understanding trisomy 18 as a syn-

drome, including conditions with onset beyond the neonatal period, is

important to provide the most optimal medical care.

Edwards syndrome can result from a full additional copy of chro-

mosome 18 (full trisomy 18; 94%), a partial copy of chromosome

18 (partial trisomy 18; 2%), or mosaicism (4%–5%) (Carey, 2021). Par-

tial trisomy 18 and mosaic forms of trisomy 18 have correlated with a

less severe and less complex phenotype than full trisomy 18, including

fewer anomalies and medical complications (Boghosian-Sell

et al., 1994; Peron & Carey, 2014; Tucker et al., 2007; Wilson, 1993).

However, the phenotypic spectrum of partial and mosaic trisomy

18 is extremely variable, presumably due to the number and types of

tissues containing the extra copy of chromosome 18 and/or the dupli-

cated segment (Cereda & Carey, 2012; Tucker et al., 2007).

Seizures are paroxysmal, stereotyped events involving sudden,

involuntary, time-limited alterations in behavior, motor activity, auto-

nomic function, consciousness, and/or sensation. Seizures are usually

accompanied by abnormal electrical discharges in the brain that may

or may not be associated with abnormal electroencephalography

(EEG) patterns. Seizures may be provoked by acute events (e.g., fever

or electrolyte disturbances), or they may be unprovoked. If an individ-

ual experiences recurrent, unprovoked seizures or has had an isolated

seizure and an EEG suggestive of an underlying tendency for seizure,

they are considered to have epilepsy. Infantile spasms are a specific

type of seizure with onset typically in the first year of life, though it

may occur later in certain genetic syndromes. Infantile spasms are

associated with a specific, disorganized EEG pattern, that is, hypsar-

rhythmia, and are most commonly treated with high-dose steroids

(Riikonen, 2020). The occurrence of infantile spasms in the general

population has been linked to multiple etiologies ranging from ische-

mic perinatal brain injury to genetic mutations affecting neuronal

migration and function (Berg et al., 2010; Scheffer et al., 2017). Left

untreated, infantile spasms are associated with poor neurological out-

comes, including other seizure disorders and delays or regression in

development (Riikonen, 2020).

Individuals with trisomy 18 exhibit profound neurodevelopmental

delays, including deficits in cognitive, motor, and other neurobeha-

vioral functions. Few children attain milestones such as purposeful

vocalizations and hand gestures to communicate, auditory compre-

hension, and voluntary mobility with or without adaptive equipment

(Baty et al., 1994; Braddock et al., 2012; Bruns, 2015). Hypotonia and

central apnea are common neurological conditions associated with

the syndrome that can result in or be related to fatality in newborns

(Cereda & Carey, 2012; Embleton et al., 1996; Kosho et al., 2013;

Root & Carey, 1994). It has been theorized that a fraction of neonates

diagnosed with trisomy 18 and central apnea may instead experience

epileptic apnea (Fukasawa et al., 2015), a type of partial, temporal

lobe, autonomic seizure (Fogarasi et al., 2006). Seizures were reported

in half of all older children diagnosed with full trisomy 18 (Kosho

et al., 2013; Kumada et al., 2013; Matricardi et al., 2016). In two stud-

ies, almost half of children with full trisomy 18 had intractable epi-

lepsy (Kumada et al., 2013; Matricardi et al., 2016). Prior studies have

suggested that the timing of onset, seizure severity, and response to

anti-seizure medication in individuals with trisomy 18 may be linked

to underlying brain malformations resulting from dysregulation of cor-

tical development (Matricardi et al., 2016).

Neurological monitoring practices beyond birth have not yet been

established for people with trisomy 18 (Kepple et al., 2021). This ret-

rospective cohort study evaluates the prevalence and management of

seizures in individuals with trisomy 18 using parent-reported data col-

lected as part of the Tracking Rare Incidence Syndromes (TRIS) pro-

ject. The TRIS project seeks to increase the knowledge base on rare

incidence trisomy conditions, including trisomy 18, and to make this

information available to families and interested educational, medical,

and therapeutic professionals (https://tris.siu.edu). The project col-

lects demographic, medical, and developmental information provided

by parents or other caregivers (e.g., grandparents) who agree to share

their family member's information by completing a baseline survey

and annual follow-up surveys (see MATERIALS AND METHODS

below).

The TRIS project baseline survey is sent to parents of individuals

with trisomy 18 who survived more than 2 months. Items encompass

many topics and include asking if the individual with the condition

experienced seizures in the past or present and gathered information

on brain malformations, apnea, and common anti-epileptic therapies

such as anti-seizure medications, diet, and vagal nerve stimulation.

We looked at seizure prevalence, seizure type, treatment, and

assessed correlation with infantile spasms, central apnea, and brain

malformations.

2 | MATERIALS AND METHODS

2.1 | Editorial policies and ethical considerations

Research reported here was approved by Southern Illinois University

Carbondale and University of Nebraska Medical Center Institutional

Review Boards. The authors declare no conflicts of interest.

2.2 | The TRIS project database

The TRIS project includes several surveys for parents or other care-

givers of children and adults with rare trisomies, including trisomy 18.

A baseline survey (TRIS Full survey) designed for children living

2 months or longer served as the basis for this project. As previously

described (Bruns, 2008), the TRIS Full survey was developed based on

medical literature from 1990 to 2005, rare trisomy specific websites,

and materials from the Support Organization for Trisomy 18, 13, and

Related disorders (SOFT, www.trisomy.org). An advisory committee

of parents, medical professionals, and educational professionals par-

ticipated in survey design and provided initial feedback.

The three-part TRIS Full survey collects pregnancy, birth, and

demographic information (Part I); family support (Part II); health and

medical needs, including medications, diagnoses, and surgeries (Part

III) (Bruns, 2008). Recruitment included announcements to rare
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trisomy-related websites, parent-to-parent communication, Facebook,

SOFT conferences and newsletters, posts through the Global Genes

project, and the TRIS project brochure. Data collection began in

February 2007. The retrospective cohort described here included data

collected from this timepoint until November 2021.

Participation in the TRIS project database does not have any pre-

selection criteria. The natural history and prevalence of a variety of

conditions is queried, with the caveat that the survey is retrospective

and parent-reported. The 186 TRIS Full surveys completed on behalf

of an individual with trisomy 18 make this one of the largest and most

comprehensive collections of information on individuals diagnosed

with trisomy 18.

2.3 | Data analysis

To maintain anonymity, the lead researcher for the TRIS project data-

base (Deborah A. Bruns) provided the principal investigator (Sue

L. Jaspersen) with de-identified information from the database for

analysis. Data from a total of 186 participants who completed the

TRIS Full survey on behalf of their child with a diagnosis of trisomy

18 was extracted. The specific items included in our dataset are listed

in Supplementary Item 1 as they appeared to parents in the survey.

These items relate to seizures, their etiology, and treatment. They also

include questions about brain abnormalities and apnea.

The survey did not require parents to mark a positive (yes) or neg-

ative (no) response to each question. For the purposes of this analysis,

positive (yes) answers were tallied and questions without a response

were assumed to be negative (no) since parents were not recontacted

to clarify responses. Seizure classification/nomenclature was updated

since the start of the TRIS project as a result of new guidelines from

the International League Against the Epilepsies (ILAE) (Scheffer

et al., 2017). Many parents wrote in responses to seizure type using

this new nomenclature. Seizures were therefore subdivided into gen-

eralized seizures (absence, petit mal, atonic, tonic, tonic–clonic, grand

mal, and myoclonic): focal seizures (simple and complex partial); mixed

(Lennox–Gastaut); and other (febrile, unknown).

Microsoft Excel was used to assemble the data, perform basic

tabular and descriptive statistical calculations (e.g., sums, frequencies,

percentages, median, minimum, maximum, etc.), and create charts and

tables. Because the age distribution was skewed, median values are

reported instead of the mean. GraphPad Prism was used for statistical

hypothesis testing, including Fisher's exact test to compare variables.

A p-value of 0.05 or less was considered to be significant.

2.4 | Demographics

Information on parent demographics has previously been reported

(Bruns & Martinez, 2016; Donovan et al., 2016). Summary statistics

showing the demographic information of individuals with trisomy

18 on whose behalf the baseline survey was completed are shown in

Table 1. Twenty-eight individuals with mosaic full trisomy and four

individuals with mosaic partial trisomy were included as part of the full

T18 group and partial T18 group, respectively.

3 | RESULTS

3.1 | Seizure prevalence in individuals with
trisomy 18

The TRIS project database includes TRIS Full survey information sub-

mitted by parents of individuals with a variety of types of trisomy

18, including full trisomy 18 and partial trisomy 18 involving 18q or

18p. Individuals represented in the database ranged from 2 months to

more than 32 years, with more females (75.8%) than males (24.2%).

Although the survey was available to parents worldwide, most partici-

pants were from the United States (Table 1).

Parents reported that 52 of 186 (28%) individuals experienced

seizures at some point in the past (Figure 1; Table 2). Seizures were

reported in 43 of 141 (30%) females and 9 of 45 (25%) males. The

median age of individuals with seizures in the past was 5 years (range

0.3–33) while the median age of individuals without seizure was

2 years (range 0.2–27) (Table 2). Seven individuals experienced more

than one type of seizures, but most had a single type. Generalized sei-

zures were more frequently reported than focal seizures (Figure 1).

The percentage of individuals with mosaic full trisomy 18 who

experienced seizures (28.7%) was not statistically different from indi-

viduals with full trisomy 18 (25.8%, p = 0.8129 Fisher's t-test). How-

ever, the percentage of individuals with partial trisomy 18 who

experienced seizures (44.4%) was significantly higher than full trisomy

18 (full trisomy 18 and mosaic full trisomy 18 combined; 26.2%,

p = 0.0022) (Figure 1; Table 2). Interestingly, of the individuals with

partial trisomy 18 who reported seizures, 5 of 6 individuals with tri-

somy due to an extra copy of 18p reported seizures compared to just

1 of 4 individuals with an extra copy of 18q.

3.2 | Parent reported seizure management in
individuals with trisomy 18

Data from the TRIS project survey showed that seizures were man-

aged with a variety of anti-seizure medications, including broad spec-

trum anti-epileptic medications such as levetiracetam, lamotrigine,

and phenobarbital (Table 3). Parents reported similar seizure manage-

ment for individuals with full and partial trisomy 18. Other treatments

designed to reduce seizure activity include the ketogenic diet and sur-

gical implantation of a vagal nerve stimulator (VNS) (Martin-McGill

et al., 2020; Toffa et al., 2020). Four parents reported the use of the

ketogenetic diet while one child with myoclonic seizures had a VNS, a

device that sends electrical impulses to the brain via the vagus nerve.

Of the 52 individuals reported to experience seizures, some did

not use anti-seizure medications, diet, or VNS for management while

others used up to six different therapies for seizure control. The aver-

age number of anti-epileptic treatments was 1.4 ± 1.4 (SD).
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Levetiracetam was reported by the greatest number of parents as the

most effective medication in seizure control although it is unknown if

effectiveness was based on the number of perceived seizures, the

side-effects of the medication, feedback from physicians based on dif-

ferences in EEG paroxysms, or other criteria such as the child's alert-

ness, mood, or personality. Parents were also satisfied with several

other anti-seizure medications, although many were less frequently

prescribed (Table 3). Five parents noted that a combination of medica-

tions was required for effective seizure control. Each combination was

unique, but four of the five included levetiracetam and three of the five

included lamotrigine. One combination also involved the ketogenic diet,

but the diet alone was not reported as most effective at seizure control.

Twenty parents reported adverse events associated with anti-seizure

medications (Table 3). The most common adverse event was sleepi-

ness/lethargy, which was observed with multiple agents.

3.3 | Infantile spasms are correlated with seizures
in individuals with trisomy 18

Infantile spasms are an age-specific epilepsy characterized by clusters

of brief spasms or stiffening. In the general population, approximately

1 in 1000 babies experience infantile spasms (Riikonen, 2020).

Despite previous data linking infantile spasms and epilepsy in children

with trisomy 18 (Kumada et al., 2013; Matricardi et al., 2016), parents

often report that infantile spasms go undiagnosed or are dismissed in

their child with trisomy 18.

Despite these concerns in diagnosis, parents reported that 11.8%

(22/186) of individuals with trisomy 18 experienced infantile spasms,

including 10.7% (18/168) of individuals with full trisomy 18 and

50.0% (4/8) of individuals with partial trisomy 18 (Figure 2a). Eighteen

percent (30/164) of individuals without infantile spasms developed

seizures, whereas 50% (11/22) of individuals with infantile spasms

reported subsequent seizures (Figure 2b). These data suggest that

infantile spasms are correlated with later seizure activity in individuals

with trisomy 18 (p = 0.0019, Fisher's t-test).

3.4 | Brain anomalies and seizures in individuals
with trisomy 18

Microcephaly was reported in 32/186 (17.2%) individuals with tri-

somy 18 while 33/186 (17.7%) reported specific structural brain

anomalies including agenesis of the corpus callosum (16/33, 48.5%),

hydrocephalus (7/33, 21.2%), choroid plexus or arachnoid cysts (7/33,

21.2%), cerebellar hypoplasia (4/33, 12.1%), holoprosencephaly (2/33,

6.1%), lissencephaly or Dandy-Walker malformation (1/33, 3.0% each)

(Figure 3a). Five individuals had more than one structural brain malfor-

mation. The frequency and types of these structural brain malforma-

tions were similar in individuals with full and partial trisomy

18 (Figure 3a). In most cases, it is unknown from survey responses

how brain anomalies were diagnosed (ultrasound, computerized

tomography (CT), magnetic resonance imaging (MRI), etc.).

In our sampling of individuals with trisomy 18, an underlying brain

malformation did not correlate with infantile spasms (p = 0.7703) or

seizures (p = 0.8300) (Figure 3b).

3.5 | Relationship between central apnea and
seizures

Central apnea is a common neurological symptom observed in individ-

uals with trisomy 18 that has been linked to fatality in the newborn

period (Cereda & Carey, 2012; Embleton et al., 1996; Kosho

SEIZURE TYPE

% with
seizures general focal mixed other/

unknown
All T18 28.0% 47.5% 10.2% 28.8% 13.6%
Full T18 26.2% 46.8% 10.6% 27.7% 14.9%
Partial T18 44.4% 42.1% 31.6% 5.3% 21.1%
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F IGURE 1 Seizures reported in individuals with trisomy 18. Fifty-
two of the 186 (28%) participants reported seizures in the past,
including 44 and 8 individuals with full and partial trisomy
18, respectively. Shown is the percentage of general, focal, and mixed
seizures. In some cases, seizure type was unknown or not reported.

TABLE 1 Baseline survey demographics

Median age (y)c Min age (y) Max age (y) % female % deceased % mosaic % USa Number

All T18b 2.4 0.2 32.8 75.80% 16.70% 17.00% 79.60% 186

Full T18 2.3 0.2 32.8 78.60% 17.90% 16.70% 78.00% 168

Partial T18 6.4 0.2 25.7 50.00% 5.60% 22.00% 94.40% 18

aUS, United States.
bParticipants were grouped into three categories: any form of trisomy 18 (All T18), trisomy 18 caused by an extra copy of chromosome 18 in all or some

cells (full T18), or trisomy 18 caused by an extra copy of a segment of chromosome 18 in all or some cells (partial T18). Twenty-eight individuals with

mosaic full trisomy and four individuals with mosaic partial trisomy were included as part of the full T18 group and partial T18 group, respectively.
cy, age in years.
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et al., 2013; Root & Carey, 1994). Twenty-four percent (45/186) and

thirty-six percent (65/186) of individuals with trisomy 18 had ever

been diagnosed with central or obstructive apnea, respectively

(Figure 4a).

Of the 45 individuals with central apnea, 18 (40%) also reported

seizures compared to 32/144 (22.7%) of individuals without central

apnea who reported seizures. In contrast, 34/121 and 18/65 (�28%)

of individuals with and without obstructive apnea reported seizures

(Figure 4b). This suggests that central (p = 0.0328) but not obstructive

apnea (p = 0.9999) is correlated with seizures. Given the connection

between infantile spasms and seizures, we also looked at whether

central apnea correlated with infantile spasms, but the two appear to

be unrelated (p = 0.4230).

4 | DISCUSSION

The TRIS project database is one of the largest and most comprehen-

sive retrospective patient databases that includes individuals with

trisomy 18. Unlike previous studies of seizures in individuals with tri-

somy 18 (Fukasawa et al., 2015; Kumada et al., 2013; Matricardi

et al., 2016), recruitment into the TRIS project study does not require

referral by a neurologist and is more likely to represent prevalence in

the general population of individuals with this diagnosis compared to

a cohort selected for presence of seizure activity. Seizures are one of

many conditions tracked as part of the project, which is aimed at gath-

ering general health, educational, and social information over time.

4.1 | Seizure prevalence and types

Approximately 30% of individuals with trisomy 18 in our cohort

experienced seizures at some point in their life. This is consistent

with reports in the literature and from the authors' clinical experi-

ence (Carey, 2021). Higher estimates quoted in some studies may be

due to the selection of older children and/or children with brain

anomalies (Kosho et al., 2013; Kumada et al., 2013; Matricardi

et al., 2016).

TABLE 2 Seizures in individuals with trisomy 18

% with seizures

Total individuals

with seizures

Total individuals

without seizures Generalized Focal Mixed Other/unknown

All T18a 28.00% 52 134 47.5% (28/59) 10.2% (6/59) 28.8% (17/59) 13.6% (8/59)

Full T18 26.20% 44 124 46.8% (22/47) 10.6% (5/47) 27.7% (13/47) 14.9% (7/47)

Partial T18 44.40% 8 10 42.1% (8/19) 31.6% (6/19) 5.3% (1/19) 21.1% (4/19)

aAll T18, individuals with any form of trisomy 18; full T18, individuals with trisomy 18 due to a complete copy of chromosome 18; partial T18, individuals

with trisomy 18 due to an extra copy of 18p or 18q.

TABLE 3 Anti-seizure medications used per parent report for seizure management in individuals with trisomy 18

Anti-seizure medication Used (n = 75)a Most effective (n = 38) Parent reported adverse events (n = 18)

Levetiracetam 17 (22.7%) 7 Sleepiness, apnea, rage (n = 5)

Valproic acid 13 (17.3%) 3 Low platelets, low energy, elevated ammonia levels,

increased seizures (n = 2)

Phenobarbital 11 (14.7%) 4 Gum overgrowth, elevated liver enzymes (n = 2)

Lamotrigine 8 (10.7%) 3 Sleepiness, rash (n = 2)

Carbamazepine 7 (9.3%) 2 sleepiness, rash (n = 2)

Topiramate 6 (8.0%) 4 Sleepiness, rash, kidney stones (n = 1)

Oxcarbazepine 3 (4.0%) 2 Sleepiness, rash (n = 1)

Clobazam 2 (2.7%) 1 Sleepiness, urine retention (n = 1)

Vigabatrin 2 (2.7%) 2 NRb

Acetazolamide 1 (1.3%) 0 NR

Clonazepam 1 (1.3%) 1 Overdose symptoms (n = 1)

Gabapentin 1 (1.3%) 0 NR

Lacosamide 1 (1.3%) 1 NR

Phenytoin 1 (1.3%) 1 Sleepiness, rash (n = 1)

Sultimine 1 (1.3%) 1 NR

aThe total number of individuals who reported use of an anti-seizure medication or reported it at the most effective medication. Adverse events are also

listed including the number of times (n) each was reported.
bNR, none reported.
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with
infantile
spasms

All T18 42.3%
Full T18 40.9%
Partial T18 50.0%
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Both generalized and focal seizures were reported in individuals

with trisomy 18, similar to other smaller studies that included EEG

confirmation of seizure type (Kosho et al., 2013; Kumada et al., 2013;

Matricardi et al., 2016). Individuals with full trisomy 18, partial trisomy

18 due to an extra copy of 18p or 18q, and mosaic forms of trisomy

18 all reported seizures, suggesting that seizure susceptibility could be

related to extra material on both arms of chromosome 18. Previous

analysis of seizures in individuals with partial trisomy 18 suggested

that a seizure susceptibility locus was located between

18q12.2-q22.2 (Ceccarini et al., 2007; d'Orsi et al., 2013; Peron &

Carey, 2014). However, (Grosso et al., 2005) also reported cases of

intractable epilepsy in individuals with trisomy for 18p. Other studies

involving trisomy for 18p did not observe seizures or only reported

epilepsy in a small fraction of individuals (Johansson et al., 1988; Oner

et al., 2000; Wolff et al., 1993). Somewhat unexpectedly, we found

that a greater proportion of individuals with partial trisomy 18 than

full trisomy 18 reported seizures. It is unknown if this is due to differ-

ences in the age of individuals or related to the fact that partial tri-

somy 18 is generally the result of an unbalanced translocation, which

involves gain and loss of additional chromosomal material at the chro-

mosome breakpoints.

4.2 | Seizure management

Seizures are common in several genetic syndromes. Some, but not all,

genetic seizure disorders are associated with a characteristic pattern

of seizures due to the loss or gain of genetic information (Bahi-

Buisson et al., 2008; Battaglia et al., 1997; Battaglia et al., 2009;

Battaglia et al., 2016; Battaglia et al., 2021; Candee et al., 2012;

Conant et al., 2014; Ho et al., 2016; Samanta, 2021; Thibert

et al., 2009; Uemura et al., 2005; Valente et al., 2006). For example,

haploinsufficiency or pathogenic variants in genes involved in protein

glycosylation are proposed to underlie the characteristic tonic–clonic

seizures observed in over 90% of individuals with Wolf-Hirschhorn

syndrome (Battaglia et al., 2009; Ho & Wassman, 2017;

Makrythanasis et al., 2016; Worthington et al., 2008). Other genetic

syndromes such as Pallister-Killian syndrome (PKS), trisomy 21, and,

as shown here, trisomy 18 are associated with multiple types of gen-

eralized, focal, and mixed seizures as well as infantile spasms (Candee

et al., 2012; Rahman & Fatema, 2019). As epilepsy treatment is aimed

at minimizing abnormal, episodic brain activity that leads to seizures

through modulation of neuronal activity by anti-seizure medications

(Perucca et al., 2018), the pathophysiology of seizures in genetic syn-

dromes can provide clues to short- and long-term medical

management.

Chromosome 18 does not have obvious gene candidates critical

for neurotransmission or seizure predisposition such as genes encod-

ing subunits of ion channels, glutamate receptors, or the γ-

aminobutyric acid response. Our data suggest that seizure manage-

ment in trisomy 18, like that of PKS and trisomy 21, responds to

broad spectrum anti-seizure medications that are also effective in the

general population. No particular anti-epileptic was consistently asso-

ciated with an adverse outcome such as seizure worsening. Broadly

speaking, adverse events reported in individuals with trisomy 18, such

as somnolence, were similar to those previously reported for anti-

seizure medications in studies of individuals without a chromosome

anomaly (French et al., 2004; Kanner et al., 2018a, 2018b;

Sankaraneni & Lachhwani, 2015; Walia et al., 2004). One notable

exception is the respiratory distress reported in one individual and

increased apnea in a second person with trisomy 18 taking levetirace-

tam as these adverse events have not been seen in the general popu-

lation. Given that individuals with trisomy 18 are at increased risk for

respiratory complications (Cereda & Carey, 2012; Embleton

et al., 1996; Root & Carey, 1994), the correlation may be coincidental.

However, this observation and the widespread use of levetiracetam in

seizure treatment of individuals with trisomy 18 warrants further con-

sideration of its safety in the trisomy 18 patient population.

The specific long-term prognosis for seizure management in indi-

viduals with trisomy 18 has not been previously studied. Of the
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F IGURE 4 Parent-reported apnea in individuals with trisomy 18. (a). Forty-five and sixty-six individuals with trisomy 18 were reported to
have central and obstructive apnea. (b). A correlation matrix shows the number of individuals with and without apnea and seizures. The p-value
from the Fisher's exact test is 0.0320 and 0.9999 for central and obstructive apnea, respectively.
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13 individuals in the baseline survey age 20 years or older, 8 reported

experiencing seizures in the past; of the 10 living people over age

20 years, 3 were reported to experience seizures at present while

7 were currently seizure free. These observations lead to questions

for further study: do individuals with trisomy 18 outgrow seizures, are

seizures effectively managed by anti-seizure therapy, and/or does

treatment of comorbid conditions such as apnea decrease seizure fre-

quency? Why do some individuals with trisomy 18 respond well to a

broad-spectrum anti-seizure medications, while others require poly-

therapy and only achieve limited seizure mitigation?

It is largely unknown what precipitates or predisposes some indi-

viduals with trisomy 18 to experience seizures while others remain

seizure free. One possibility is that seizure prevalence and/or severity

is related to genetic status, specifically the fraction of cells that con-

tain extra material from chromosome 18 and in which tissues.

Because clinical management is based on cytogenetic status and not

the presence or absence of mosaicism, we included individuals with

mosaicism in our full and partial trisomy 18 categories. However, as

26% (36/140) of individuals with full trisomy and 29% (8/28) of peo-

ple with full mosaic trisomy 18 were reported to have seizures, it is

less likely that genetic differences with respect to chromosome

18 copy number underlie seizure predisposition or treatment.

4.3 | Seizures in trisomy 18: Infantile spasms,
apnea, and brain malformations

The etiology of infantile spasms in individuals with trisomy 18 has not

previously been studied or reported to our knowledge. Approximately

12% of children with trisomy 18 experienced infantile spasms, with

half going on to exhibit some other type of seizure. Infantile spasms in

individuals with trisomy 21 have been proposed to arise due to an

underlying structural anomaly (Stafstrom, 1993). Previous work exam-

ining brain structure in individuals with trisomy 18 by ultrasound, CT,

or MRI suggested that individuals can have a variety of structural

brain malformations, including cerebellar hypoplasia, enlarged cisterna

magna, choroid plexus cysts, agenesis of the corpus callosum, and

microgyria (Fukasawa et al., 2015; Lin et al., 2006).

Although we found that structural brain anomalies were common

(reported in approximately 18% of individuals with trisomy 18), their

occurrence did not correlate with infantile spasms and/or seizures.

This observation was unexpected based on previous work examining

seizures in individuals with full trisomy 18 (Kumada et al., 2013;

Matricardi et al., 2016) and in non-syndromic individuals (Barkovich

et al., 2015; Kuzniecky, 2015). It is possible that structural brain

anomalies were under-represented since brain MRI may not have

been completed for all infants in the TRIS project database. However,

as the structural brain anomalies seen in trisomy 18 do not involve

the cortex or the temporal lobes from which most seizures typically

arise, it is currently unknown how or if a brain malformation predis-

poses an individual with trisomy 18 to abnormal brain activity leading

to infantile spasms and/or seizures. Additional factors may play a role,

including apnea.

Interestingly, central, but not obstructive, apnea correlated with

seizure presentation. As central apnea is relatively common condition

in individuals with trisomy 18 (24%), its link to epilepsy is intriguing

and worthy of future investigation. It is unknown if apnea is causative

for seizures or if similar underlying genetic or neurologic differences

could contribute to both conditions. A previous study of neonates

diagnosed with trisomy 18 and with central apnea showed that three

of seven individuals had abnormal EEG paroxysmal activity corre-

sponding to the apnea leading (Fukasawa et al., 2015) to suggest that

those phenomena were epileptic in nature.

4.4 | Limitations

The data presented here are based on a retrospective survey in which

parents were asked identical questions in an online survey. The use of

TRIS project data minimizes ascertainment bias, such as referral by a

neurologist, but may be limited by recall bias, in particular communica-

tion and understanding of medical information given by clinicians to

parents. We did not examine or review medical records for individuals

presented in this study. As such, it is possible that seizures, brain

anomalies, or other conditions may have been under or over reported.

Participation in this project may be affected by a child's prognosis,

longevity, and/or positive outcomes of medical intervention.

When the survey was developed, the language used for seizure

classification was different than it is at the time of this publication,

which required reconciliation of terminology in both yes/no questions

and write-in responses. Some medications used to treat seizures have

been introduced into clinical practice since the survey began in 2007.

Parents were required to write in the names of these medications,

whose use, availability, and names vary from country to country. This

study was not a clinical trial. The efficacy and adverse events of anti-

seizure medications were reported by parents and could be based on

a single medication or a combination of therapies.

4.5 | Implications

We propose that early recognition and treatment of seizures may

improve outcomes for individuals with trisomy 18. Currently, neuro-

logical monitoring is not standard-of-care for individuals with trisomy

18. A clinician might first suspect a seizure disorder based on the fol-

lowing criteria: infantile spasms, central apnea, a structural brain mal-

formation, or evidence of exhibiting one or more seizure types. While

none alone predict a seizure disorder with certainty, they may be

clues to stratify individuals for further testing including EEG monitor-

ing and/or neuroimaging.

The presentation of infantile spasms or seizures may differ in this

patient population because of neurodevelopmental delays and hypo-

tonia. Anticipatory guidance for parents on key indicators suggestive

of infantile spasms or seizures could prompt earlier attention to

changes in brain activity and successful treatment. Web-based mate-

rials exist to help parents recognize infantile spasms (Wheless

JASPERSEN ET AL. 1033

 15524833, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajm

g.a.63113 by JO
H

N
 C

 C
A

R
E

Y
 - U

niversity O
f U

tah Spencer S , W
iley O

nline L
ibrary on [02/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



et al., 2012) (https://www.childneurologyfoundation.org/infantile-

spasms-awareness/) and may be beneficial to provide to parents

within the first year of life. Although our study does not explicitly

address the age of seizure onset, the age range of individuals with sei-

zures from 4 months to 32 years suggests that anticipatory informa-

tion be given shortly after birth and be an ongoing component in

medical care. Early detection of infantile spasms and/or seizures is

essential for initiating treatment and optimizing development.

A cranial ultrasound and/or brain MRI is currently recommended at

birth (Kepple et al., 2021); however, ultrasound imaging is insufficient

to detect many structural brain anomalies reported here or in other

work associated with seizures (Kumada et al., 2013; Matricardi

et al., 2016). Our data does not show a correlation between reported

brain anomalies and seizures, suggesting that the utility of brain MRI in

providing prognostic information regarding seizure risk or severity may

be limited. Furthermore, the risks of sedating infants in order to obtain

high quality images should also be weighed when considering whether

or not to perform brain imaging in surviving individuals with trisomy 18.

Our data linking infantile spasms with seizures suggests that,

whenever dealing with clinical suspicion for seizures, an early poly-

graphic video-EEG study is warranted before age one to detect infan-

tile spasms and/or focal or generalized seizure activity. A polygraphic

video-EEG would be particularly helpful in individuals with central

apnea to clarify whether apneic events are caused by seizures

(Fukasawa et al., 2015).

Seizure management in individuals with trisomy 18 can involve

the same broad spectrum anti-seizure medications used in the general

population, including levetiracetam, lamotrigine, valproic acid, or phe-

nobarbital. Parents should be counseled to anticipate some adverse

events, particularly lethargy or sleepiness, and to report any concerns

with breathing to their provider. Regular surveillance by a neurolo-

gist/epileptologist is indicated for seizure prevention and care.

5 | FUTURE DIRECTIONS

Our cross-sectional retrospective cohort study adds to our current

knowledge of seizure prevalence, description, and treatment in tri-

somy 18, but unanswered questions deserve further investigation.

Are seizures more frequent in individuals with partial trisomy 18 or is

seizure prevalence related to age? What is the frequency of intracta-

ble seizures among patients with trisomy 18? Is there a specific EEG

pattern in children with trisomy 18? Does screening infants with tri-

somy 18 in the first year of life with brain MRI and EEGs improve like-

lihood of future epilepsy diagnosis or outcome? Extension of the TRIS

project database or creation of a new international registry of children

with trisomy 18 and seizures that collects information from clinicians

and allows for patient contact and recruitment into studies could facil-

itate larger clinical trials of seizure management in this population that

would address some of these outstanding questions.
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