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Abstract
Dravet syndrome (DS) and Lennox–Gastaut syndrome (LGS) are rare devel-
opmental and epileptic encephalopathies associated with seizure and nonsei-
zure symptoms. A comprehensive understanding of how many individuals are 
affected globally, the diagnostic journey they face, and the extent of mortality 
associated with these conditions is lacking. Here, we summarize and evaluate 
published data on the epidemiology of DS and LGS in terms of prevalence, inci-
dence, diagnosis, genetic mutations, and mortality and sudden unexpected death 
in epilepsy (SUDEP) rates. The full study protocol is registered on PROSPERO 
(CRD42022316930). After screening 2172 deduplicated records, 91 unique re-
cords were included; 67 provided data on DS only, 17 provided data on LGS only, 
and seven provided data on both. Case definitions varied considerably across 
studies, particularly for LGS. Incidence and prevalence estimates per 100 000 
individuals were generally higher for LGS than for DS (LGS: incidence propor-
tion = 14.5–28, prevalence = 5.8–60.8; DS: incidence proportion = 2.2–6.5, preva-
lence = 1.2–6.5). Diagnostic delay was frequently reported for LGS, with a wider 
age range at diagnosis reported than for DS (DS, 1.6–9.2 years; LGS, 2–15 years). 
Genetic screening data were reported by 63 studies; all screened for SCN1A vari-
ants, and only one study specifically focused on individuals with LGS. Individuals 
with DS had a higher mortality estimate per 1000 person-years than individuals 
with LGS (DS, 15.84; LGS, 6.12) and a lower median age at death. SUDEP was the 
most frequently reported cause of death for individuals with DS. Only four stud-
ies reported mortality information for LGS, none of which included SUDEP. This 
systematic review highlights the paucity of epidemiological data available for DS 
and especially LGS, demonstrating the need for further research and adoption of 
standardized diagnostic criteria.
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1   |   INTRODUCTION

Dravet syndrome (DS) and Lennox–Gastaut syndrome 
(LGS) are developmental and epileptic encephalopathies 
(DEEs) characterized by early onset treatment-resistant 
seizures, as well as cognitive and behavioral impairment, 
which usually worsen over time.1–5 Despite available 
treatments, both conditions can have a substantial nega-
tive impact on the health-related quality of life of the af-
fected individual and their caregivers.6,7

DS is characterized by seizure onset usually within the 
first year of life, with prolonged febrile seizures, and thereaf-
ter a seizure pattern that evolves over time, comprising multi-
ple seizure types, including hemiclonic seizures, generalized 
tonic–clonic seizures, myoclonic seizures, atypical absence 
seizures, and other types of focal and generalized seizures.8 
Pathogenic variants of the gene encoding the alpha subunit 
of the voltage-gated sodium channel (SCN1A) can be used 
as genetic biomarkers to aid DS diagnostic confirmation.9

LGS is characterized by a triad of clinical features, 
including multiple seizure types (specifically including 
tonic seizures), a specific abnormal electroencephalogram 
(EEG; interictal slow spike–wave complexes <2.5 Hz and 
paroxysmal fast rhythms 10–20 Hz, mainly during non-
rapid eye movement sleep),4 and intellectual and behav-
ioral impairment.3 Onset of LGS peaks at 3–5 years of age 
and can evolve from other epilepsy syndromes, such as 
infantile epileptic spasms syndrome.4

The absence of reliable global epidemiological data for 
DS and LGS, coupled with considerable changes in the 
treatment landscape over recent years, means that infor-
mation is lacking on the number of individuals affected 
globally and their demographics, diagnostic journeys, and 
risk of mortality. A greater understanding of the global 
epidemiology of DS and LGS would provide valuable in-
formation for organizations that review novel diagnostic 
technologies and therapies, as well as for the health sys-
tems that deliver them. The aim of this systematic review 
was to summarize and to evaluate the available global ep-
idemiological data for DS and LGS, including incidence, 
prevalence, diagnostic data, genetic mutations, mortality, 
and sudden unexpected death in epilepsy (SUDEP) rates.

2   |   MATERIALS AND METHODS

This systematic review was registered on PROSPERO be-
fore initiation (ID: CRD42022316930) and was conducted 

following Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.10

2.1  |  Search strategy

The search strings used to identify potential articles for in-
clusion were a combination of Medical Subject Headings 
and free-text terms (Table S1).

2.2  |  Data sources

Literature searches were performed in the MEDLINE, 
Embase, and Cochrane Library databases from inception 
to March 18, 2022. Supplementary searches included rel-
evant website entries (US Food and Drug Administration 
and European Medicines Agency) and 2017–2022 
conference proceedings (International Society for 
Pharmacoeconomics and Outcomes Research, American 
Academy of Neurology, International Epilepsy Congress, 
American Epilepsy Society, European Academy of 
Neurology, and the Academy of Managed Care Pharmacy 
congress [including Nexus]). Bibliographic reference lists 
of review articles published during 2017–2022 were also 
searched to identify additional relevant studies.

K E Y W O R D S

developmental and epileptic encephalopathy, diagnostic delay, epilepsy, SCN1A mutation, 
SUDEP

Key points

•	 There was a clear skew of research attention to-
ward DS and a paucity of data for LGS.

•	 Discovery of SCN1A variants as genetic bio-
markers for DS has aided diagnosis and may 
partly explain the higher number of articles 
identified for DS than LGS.

•	 Prevalence estimates were higher for LGS than 
for DS per 100 000 individuals (LGS, 5.8–60.8; 
DS, 1.2–6.5), but mortality and SUDEP risk may 
be higher for DS than for LGS.

•	 Standardized case definition and identification 
criteria for LGS are required to improve the pre-
cision of epidemiological estimates.

•	 Owing to the underdiagnosis of DS and 
LGS, the true global incidence, prevalence, 
and mortality of these conditions may be 
underestimated.
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2.3  |  Study selection

Noninterventional studies of any design that reported 
original research on one or more outcomes of interest in a 
DS or LGS population were eligible for inclusion. Studies 
that did not include primary or subgroup analyses specific 
to DS or LGS were excluded. There were no restrictions 
on publication date, population, or country of origin. Non-
English publications were considered if they contained 
an abstract written in English. Preclinical studies, case 
reports, reviews, and interventional studies that actively 
assigned individuals to a given therapy were excluded. For 
the purpose of this review, use of screening, diagnostic 
tests (including genetic sampling), or assessments was not 
defined as an intervention. Full inclusion and exclusion 
criteria are listed in Table S2.

After removal of duplicates, screening of title and ab-
stracts and full texts was performed independently in dupli-
cate to identify studies that met the selection criteria. Any 
disagreement between reviewers was resolved through ei-
ther discussion or deferral to a third independent reviewer.

2.4  |  Data extraction and 
quality assessment

Data on study design, population, and outcomes were ex-
tracted by a single reviewer for each included article. The 
main outcomes of interest for both DS and LGS were inci-
dence and prevalence estimates, diagnostic data (includ-
ing age at diagnosis and method of diagnosis, e.g., genetic 
testing), prevalence of genetic mutations, and risk of mor-
tality and SUDEP.

The same reviewer who conducted data extraction also 
performed a quality assessment based on a series of "risk of 
bias" questions adapted from the STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) 
statement,11 AXIS (Appraisal tool for Cross-Sectional 
Studies),12 and Newcastle–Ottawa Quality Assessment 
Scale.13 Risk of bias was rated as high, medium, or low 
across eight categories relating to study design, methodol-
ogy, and reporting, to reflect potential concerns over reli-
ability and generalizability of reported results.

2.5  |  Data synthesis

Owing to heterogeneity in the study populations and 
methodologies, no quantitative analyses were conducted. 
A narrative synthesis of findings is provided below for each 
outcome, with tabulation of results when relevant. When 
synthesizing results, potential sources of heterogeneity 
were examined, including demographic characteristics, 

geographical scope, condition, study methodology, and 
quality of evidence. Quantitative estimates were standard-
ized to the same scale when possible (e.g., 100 000 person-
years for incidence and per 100 000 people for prevalence, 
mortality, and SUDEP); these standardized estimates were 
not derived from raw data and therefore are approximate.

3   |   RESULTS

3.1  |  General findings

The key findings of this systematic review are summarized 
in Figure  1. After screening 2172 deduplicated records 
(database registers, n = 1346; supplementary searches, 
n = 826), 91 articles met the predefined inclusion criteria 
(Figure 2; Table S3). Of these, 67 reported only on DS, 17 
reported only on LGS, and seven reported on both disor-
ders. The most frequently reported outcome was genotype 
characteristics in individuals with DS (n = 62); the least 
frequently reported was SUDEP prevalence in individu-
als with LGS (n = 0; Figure 3). Most studies were based in 
Europe (n = 46), followed by Asia (n = 22, predominantly 
China, Japan, and South Korea) and North America 
(n = 10, all based in the USA); few were based in South 
America, Africa, and Oceania (Table S4).

The most notable and common quality concerns across 
the studies were sample representativeness, disease and 
outcome measures used, and reporting clarity (Table S5). 
These concerns were study specific and most commonly 
arose because of unclear or poorly defined case definitions 
resulting in a lack of confirmed DS or LGS diagnoses, or 
use of specific inclusion criteria. No studies were excluded 
owing to quality concerns; however, notable concerns 
are reported throughout the Results section, particularly 
those that affected study generalizability to DS and LGS 
populations or comparability between studies.

Case definitions varied for both conditions across the 
included studies. In total, 27.5% of studies (25/91) used 
the International League Against Epilepsy (ILAE) cri-
teria at least partly for their case definitions of DS or 
LGS, although no formally accepted criteria were avail-
able until 2022.14–38 Most used the 2017 revised criteria 
(seven articles),14,20,22,26,33–35 followed by the 1989 crite-
ria (six articles)15,16,23,24,30,31 and the 2010 revised ver-
sion (three articles).18,29,32 The ILAE version used was 
not reported in seven articles,17,19,21,25,27,28,36 and a mix 
of criteria iterations was used in two articles.37,38 Except 
for five articles, the most recent ILAE criteria available 
were used.16,23,29,30,37

DS case definitions were based on clinical diagnosis and 
review of medical records across most studies, with a mix 
of diagnostic criteria using International Classification of 
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Diseases (ICD), Ninth Revision or Tenth Revision (ICD-
10) codes (five articles),18,30,39–41 ILAE diagnostic criteria 
(20 articles),14,16,18–23,25–30,32–35,37,38 or SCN1A mutation 
presence (two articles).34,42

Case definitions for LGS also varied across all included 
studies, with most individuals being identified based on 
medical records. Eleven studies used ILAE criteria as part 
of their diagnostic criteria,14–17,22,24,31,33,36–38 five assessed 
presence of slow spike–wave activity via EEG,43–47 two 
used unspecified diagnosis codes,41,48 and two studies in-
cluded patients with a diagnosis of probable or suspected 
LGS based on ICD-10 or UK National Health Service 
(NHS) Read codes for epilepsy/status epilepticus and ru-
finamide or felbamate prescription.49,50 NHS Read codes 
use a standardized coding system for clinical terminology, 
whereby each code refers uniquely to a specific term and 
can be used to record an individual's personal and medical 
history data (e.g., occupation, symptoms and past history, 
diagnostic or surgical procedures performed, medical con-
ditions).51 Case definition for LGS was not reported by two 
studies.52,53

3.2  |  Incidence and prevalence

Incidence or prevalence data were provided in 10 arti-
cles each for DS and LGS (Tables 1 and 2). There were 

no observed patterns in estimates by demographic or 
study characteristics for either condition; however, 
comparisons were difficult given the high degree of 
heterogeneity in case definition and methodology used 
across studies.

DS was estimated to affect fewer than seven per 100 000 
individuals across all 10 articles, with ranges of 2.17–6.5 per 
100 000 individuals for incidence proportion estimates (eight 
articles)18,26,28,30,40,54–56 and 1.2–6.5 per 100 000 individuals 
for prevalence estimates (four articles)30,39,41,55 (Table 1). The 
number of individuals with DS used to calculate these esti-
mates varied considerably in size across studies, with those 
used to calculate DS incidence proportion ranging from six 
to 285 individuals and for DS prevalence ranging from 42 to 
724 individuals. The methodologies used to calculate esti-
mates were also highly variable, with studies using various 
sources for total study populations (e.g., total number of live 
births, number of members enrolled in insurance databases, 
or total number of individuals alive at the end of the study 
period in a longitudinal study).

No clear geographical patterns were identified. Several 
countries and regions were underrepresented, with stud-
ies limited to Europe (seven articles),18,26,30,39,54–56 North 
America (two articles),40,41 and Asia (one article).28 
Studies were published between 2012 and 2021, with 
no apparent trend in estimates over time, although one 
population-based study that included 53 individuals with 

F I G U R E  1   Summary of key findings for each epidemiological outcome reported. DS, Dravet syndrome; LGS, Lennox–Gastaut 
syndrome; SCN1A, gene encoding the sodium voltage-gated channel alpha subunit 1; SUDEP, sudden unexpected death in epilepsy.

 15281167, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17866 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [24/01/2024]. 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



      |  5SULLIVAN et al.

DS in Sweden reported an increased cumulative incidence 
over time. This increase was accompanied by decreases 
in the median age at diagnosis and age at which SCN1A 
screening was performed.55

Incidence and prevalence estimates were higher for 
LGS than for DS, although they were highly variable 
across the 10 studies with available information. The LGS 
incidence proportion ranged from 14.49 to 28 per 100 000 

F I G U R E  2   PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram. aArticles without abstracts 
were considered if the full text was in English, and articles not in English were considered if there was an abstract in English. bIn the 
database search, other reasons for exclusion at title and abstract screening were erratum or letter to editor (n = 3) and no abstract available 
and judged not to be relevant based on title alone (n = 39); at full-text screening, other reasons were interim analysis of data in another 
record (n = 5) and uses severe myoclonic epilepsy of infancy rather than Dravet syndrome (DS; n = 1); in the additional search, other 
reasons were full information unavailable (n = 10). cHand screening carried out by a single reviewer. dAssessed reference lists of all reviews 
published 2017–2022 and on relevant topics. LGS, Lennox–Gastaut syndrome.

F I G U R E  3   Number of studies 
reporting on the outcomes of interest 
for Dravet syndrome (DS) and Lennox–
Gastaut syndrome (LGS). SUDEP, sudden 
unexpected death in epilepsy.
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individuals (two articles),22,43 annual incidence ranged 
from 1.93 to 2.1 per 100 000 individuals (two articles),43,44 
incidence per 100 000 person-years was reported as 16 
(one article),22 and prevalence was reported as 5.78–60.8 
per 100 000 individuals (seven articles)15,24,31,41,45,49,50 
(Table  2). As with DS, the numbers of individuals with 
LGS used to calculate LGS incidence and prevalence es-
timates were highly variable, with those used to calculate 
LGS incidence ranging from 10 to 75 individuals and for 
LGS prevalence ranging from nine to 7059 individuals.

A potential source of variation in estimates was the 
study population source. For example, in one US-based 
study that used different sources of insurance claims data, 
the highest LGS prevalence estimate of 60.8 per 100 000 
individuals was calculated based on a 1 million-member 
Medicaid plan, whereas the same study also reported a 
considerably lower prevalence estimate of 13 per 100 000 
individuals when based on a 1 million-member IBM 
MarketScan commercial plan.41 The highest prevalence 
estimate for LGS reported in a population-based study 
that did not use insurance claims data was 26 individuals 
per 100 000.45

Another source of heterogeneity in estimates was the 
variation in case definitions. For example, a study based 
on German health insurance claims data50 reported a six-
fold difference in prevalence estimates between broad and 
narrow case definitions for LGS (data obtained from the 
Vilua Healthcare research database, representing approx-
imately 5% of the German population covered by statu-
tory health insurance). In this study, prevalence of broadly 
defined LGS (all individuals with probable LGS based on 
ICD-10 diagnostic codes and medication records, n = 545) 
was estimated to be 39.2 per 100 000 individuals. However, 
when using a narrow definition of LGS (individuals with 
broadly defined LGS [based on ICD-10 diagnostic codes 
and medication records] who had received ≥1 ICD-10 di-
agnoses of epilepsy or status epilepticus before their sixth 
birthday, n = 102), prevalence was estimated as 6.5 per 
100 000 individuals.

Study size, length of follow-up, and age at which in-
cidence and prevalence were estimated varied, but no 
notable trends in estimates were observed. There were 
no clear geographical patterns identified, although stud-
ies were limited to Europe (eight articles)15,22,24,31,43,44,49,50 
and North America (two articles).41,45 Studies were pub-
lished between 1996 and 2021, with no apparent trend in 
estimates over time.

3.3  |  Diagnostic data

Overall, 35 studies included information on diagnosis; 
29 reported outcomes specific to DS, and six reported 

outcomes specific to LGS. Studies reporting on DS were 
mainly limited to Europe (15 articles)29,30,42,55,57–67 and 
Asia (nine articles),14,33,35,38,68–72 with minimal representa-
tion from North America (one article),73 South America 
(one article),74 Africa (one article),75 and Oceania (one 
article).34 The setting of one study was not reported.76 
Studies reporting information on LGS diagnosis were lim-
ited to North America (four articles),16,17,48,77 Asia (one 
article),46 and Europe (one article).22 Full details of diag-
nostic outcome data are listed in Table S6.

Across the included studies, average age at diagnosis 
(mean/median) for individuals with DS ranged from 1.6 to 
9.2 years (five articles),30,55,65,67,73 with a decrease in age at 
diagnosis over time reported in one study based in Sweden 
(comparing children born during 2000–2009 vs. 2010–
2018)55 and one based in Norway (reporting a decrease in 
time from seizure onset to DS diagnosis in children born 
after 2003 compared with before 2003).67 The authors of 
the study in Sweden attributed this decrease to increased 
awareness of rare epilepsies such as DS, increased use of 
genetic screening, discovery of mutations in SCN1A as a 
biomarker for DS (in 2001),9 and increased availability of 
gene panels to allow comprehensive genetic screening.55

Two studies reported that diagnostic delay and mis-
diagnosis were more common in adults with DS than in 
children with DS. Both studies used online surveys of in-
dividuals with DS (surveys were completed by caregivers 
who were predominantly based in Europe) and reported 
that 80%–83% of adults experienced a diagnostic delay of 
more than 4 years,57,60 whereas 20% or fewer of children 
waited more than 2–4 years for a diagnosis.57,60 One of 
these studies, based in Spain, noted that although mis-
diagnosis was common at the first physician visit, the di-
agnosis rate of DS had improved from 2016 to 2020. This 
improvement in making a correct final diagnosis of DS 
was suggested to be owing to investigations conducted 
following the first physician visit (e.g., genetic testing).57 
Overall, these findings suggest that improvements in di-
agnostic tools have contributed to a decrease in age at 
diagnosis for individuals with DS, although there were in-
sufficient data to determine whether age at diagnosis has 
decreased over time in regions other than Europe.

Age at diagnosis for individuals with LGS was reported 
by two studies and overall ranged from 2 to 15 years,16,46 
with one study reporting LGS diagnosis being made most 
frequently at 5 years old.46 Fewer studies reported diag-
nostic data for LGS (six articles)16,17,22,46,48,77 than for DS 
(29 articles),14,29,30,33–35,38,42,55,57–76 which may reflect dif-
ficulties associated with diagnosing LGS and/or the evo-
lution of LGS from another condition, in the setting of 
a heterogeneous group of etiologies and lack of a single 
causative genetic variant. For example, one US-based ret-
rospective chart review reported that 80% of individuals 
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      |  13SULLIVAN et al.

(28/35) who satisfied LGS diagnostic criteria did not have 
a documented diagnosis.77 A US-based prospective longi-
tudinal study over a 20-year follow-up period reported that 
19 of 22 children in whom LGS was diagnosed by the end 
of follow-up did not receive the diagnosis until a median 
of 1.9 years after an initial epilepsy diagnosis.16 In another 
US prospective cohort study, the number of individuals 
diagnosed with LGS increased from four to 19 over the 2-
year study period owing to initial misdiagnosis in three 
individuals and evolution of another condition to LGS in 
13 individuals; incorrect initial diagnosis of LGS was only 
reported in one individual, who had symptomatic gener-
alized epilepsy.17

3.4  |  Genotype

Genotype outcomes were reported in 63 studies. 
Of these, 57 studies included only individuals with 
DS,18–21,23,25–30,32,34,35,40,42,54–56,58,59,62,63,65,67–70,72,74–76,78–102 
five included individuals with DS or LGS,14,33,37,38,71 and 
one included only individuals with LGS.52 Studies were 
predominantly limited to Europe (30 articles) and Asia (20 
articles), with considerably fewer studies based in North 
America (three articles), South America (two articles), 
Oceania (four articles), and Africa (two articles). Setting 
was not reported in two included articles. When reported, 
the most commonly used screening method was Sanger se-
quencing (15 articles),14,25,28,29,32,37,54,56,72,78,82,84,85,92,93 fol-
lowed by whole exome sequencing (four articles)20,72,76,80 
and targeted gene panels (four articles).28,37,69,79

All studies screened for mutations in SCN1A, with 14 
studies also including screening for other genes associated 
with DEEs, such as the gene encoding protocadherin 19 
(PCDH19; Table 3). For DS, SCN1A mutations were iden-
tified in 70% or more of individuals in 42 articles, with the 
remaining 20 articles reporting lower prevalence. The ma-
jority of studies that reported lower prevalence screened 
individuals with various types of epilepsy or DEEs (with 
subgroup analyses of individuals with DS). The most 
commonly reported types of SCN1A mutations were mis-
sense and truncations. Other possible pathogenic variants 
were identified in 12 articles, including PCDH19, sodium 
voltage-gated channel beta subunit 1 (SCN1B), gamma-
aminobutyric acid type A receptor subunit alpha 1 
(GABRA1), syntaxin 1B (STX1B), chromodomain helicase 
DNA binding protein 2 (CHD2), and sodium voltage-gated 
channel alpha subunit 8 (SCN8A).18,33,35,69,70,72,75,78–80,84,85 
For LGS, genetic mutations were reported by three arti-
cles. In a study of 22 individuals with clinical features of 
LGS, one individual had a de novo heterozygous point 
mutation in SCN1A.52 Two other studies identified pos-
sible pathogenic variants in aldehyde dehydrogenase 7 

family member A1 (ALDH7A1), syntaxin binding protein 
1 (STXBP1), CHD2, and SCN8A.14,37

3.5  |  Mortality and SUDEP

Overall, 21 articles reported on mortality and SUDEP out-
comes (Tables 4 and 5, respectively). The majority (17 ar-
ticles) reported information for DS, with 16 reporting on 
mortality and 11 reporting on SUDEP; 10 articles reported 
on both outcomes. Only four articles provided mortal-
ity information for LGS, none of which reported SUDEP 
data. Twelve studies18,39,43,49,50,54,55,58,59,65,90,103 were 
based in Europe, specifically Finland, France, Germany, 
Sweden, and the UK. The remaining nine studies were 
based in Australia, Canada, China (Hong Kong), Japan, 
and the USA19,20,23,34,81,83,94,104; one study did not report a 
location.105

Mortality in individuals with DS over study fol-
low-up periods of 2–26 years ranged from 4% to  
20.8% .19,23,34,39,54,55,58,81,83,90,94,103,105 Reported mortality 
in individuals with LGS was similar, ranging from 4% to 
35.3% over study follow-up periods of 10–25 years.43,49,104 
In general, studies with shorter follow-up periods reported 
lower mortality than those with longer follow-up periods. 
In one retrospective population-based study conducted 
in Germany, mortality over the 10-year study period was 
11.88% in individuals with probable DS compared with 

T A B L E  3   Number of articles screening genetic mutations 
implicated in DS or LGS.

Gene

Number of articles

DS LGS

SCN1A 62 1

PCDH19 9 0

ALDH7A1 1 1

CHD2 2 1

STXBP1 0 1

SCN1B 3 0

STX1B 1 0

SCN8A 4 1

GABRA1 1 0

Note: Articles may have screened for mutations in multiple genes.
Abbreviations: ALDH7A1, gene encoding aldehyde dehydrogenase 7 
family member A1; CHD2, gene encoding chromodomain helicase DNA 
binding protein 2; DS, Dravet syndrome; GABRA1, gene encoding gamma-
aminobutyric acid type A receptor subunit alpha 1; LGS, Lennox–Gastaut 
syndrome; PCDH19, gene encoding protocadherin 19; SCN1A, gene 
encoding sodium voltage-gated channel alpha subunit 1; SCN1B, gene 
encoding sodium voltage-gated channel beta subunit 1; SCN8A, gene 
encoding sodium voltage-gated channel alpha subunit 8; STX1B, gene 
encoding syntaxin 1B; STXBP1, gene encoding syntaxin binding protein 1.
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T A B L E  4   Mortality findings for DS and LGS.

Study Location Study details Findings

DS

Akiyama et al. (2010)94 Japan •	 Observational cohort study
•	 Included 31 individuals with DS (14 "typical" 

DS and 17 "borderline" DS) followed up from 
childhood until ≥18 years of age

•	 Initial cohort was 37 individuals, but 6 died 
before study completion

•	 Mortality: 6/37 (16.2%) individuals died 
before the end of the study (4 had typical 
DS, 2 had borderline DS)

•	 Age at death: ranged from 5 years 
1 month to 12 years 7 months

•	 Causes of death, n:
•	 SE/clustering seizures, 3
•	 Pneumonia, 2
•	 SUDEP, 1

Bjurulf et al. (2022)55 Sweden •	 Population-based study using medical records 
and clinical assessments

•	 Included 55 children (≤19 years of age at time of 
assessment) with DS born Jan 2000–Dec 2018 
with data collected up to Apr 2020

•	 2 individuals were excluded from the mortality 
analyses because they were not born in Sweden

•	 Mortality: 7/53 children (13%) died
•	 Age at death: median = 4.7 years 

(range = 3.3–11.0 years)
•	 Cause of death, n:
•	 Pneumonia (SUDEP excluded), 2
•	 Definite SUDEP, 1
•	 Probable SUDEP with pneumonia, 1
•	 Possible SUDEP with pneumonitis, 1
•	 Acute anoxic brain injury after seizure-

induced aspiration, 1
•	 Pneumonitis (SUDEP excluded), 1

Brunklaus et al. (2012)54 UK •	 Retrospective cohort study using clinical data
•	 Mortality was reported for a subgroup of 88 

children aged 3–7 years and born 2003–2007 
(of 241 individuals in the study) with SCN1A-
positive DS

•	 Mortality: 5/88 children (6%) died
•	 Age at death: median, 5 years
•	 Causes of death, n:

•	 SUDEP, 3
•	 SE, 2

Brunklaus et al. (2012)102 UK •	 Prospective cohort study using clinical data
•	 207 individuals with SCN1A-positive DS
•	 Data were collected over 5 years

•	 Mortality: 8/207 individuals (4%) died
•	 Causes of death, n:

•	 SUDEP, 5
•	 SE, 3

Brunklaus et al. (2019)105 NR (abstract 
only)

•	 Individual reported outcomes study
•	 130 previous study participants were contactable 

and sent 4 questionnaires
•	 70 individuals with SCN1A-positive DS 

responded and were included in the study
•	 Data collection period not reported, although it 

states that mortality was evaluated over 10 years

•	 Mortality: 7/130 individuals (5%) with 
SCN1A-positive DS died in the 10-year 
period

Brunklaus et al. (2019)90 UK, Ireland, and 
Australia

•	 Prospective cohort study
•	 103 individuals with DS
•	 Data were collected over 9 years

•	 Mortality: 7/103 individuals (7%) died
•	 Causes of death, n (%):

•	 SUDEP, 4 (57)
•	 SE, 1 (14)
•	 Acute respiratory distress syndrome 

due to influenza infection, 1 (14)
•	 Unknown, 1 (14)

Catarino et al. (2011)59 UKa •	 Observational cohort study
•	 26 individuals with DS (22 adults and 4 pediatric 

postmortem cases)
•	 Data collection period not reported

•	 Causes of death (adult series), n:
•	 Bronchopneumonia, 3
•	 SUDEP, 1

•	 Causes of death (pediatric DS group), n:
•	 SUDEP, 3
•	 Ischemic brain injury, 1

Cooper et al. (2016)81 Australia and 
overseasb

•	 Consecutive cohort study
•	 100 individuals with DS (87% with an SCN1A 

mutation)
•	 Data collected either Feb 2001–Feb 2015 or from 

when the child turned 1 year until date of death 
or last date the individual was confirmed alive

•	 Living individuals had a median follow-up of 
10 years

•	 Mortality: 17/100 individuals (17%) died
•	 Mortality: 15.84 (98% CI = 9.01–27.85) per 

1000 person-years
•	 Age at death: median, 7 years 

(IQR = 3–11 years)
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Study Location Study details Findings

Gaily et al. (2016)18 Finland •	 Retrospective population-based study
•	 6 individuals with DS of a total cohort of 158 

individuals born 1997–2006
•	 92% of the total cohort (n = 158) were followed up 

until 2 years of age or death

•	 Mortality: 0 individuals with DS died 
before 2 years of age

Genton et al. (2011)103 France •	 Cohort study; no further details specified
•	 24 individuals with DS first referred between 

1970 and 1992

•	 Mortality: 5/24 individuals (20.8%) died
•	 Age at death: mean = 24.8 years
•	 Causes of death, n:

•	 SUDEP, 3
•	 SE and complications of SE, 1
•	 Unknown, 1

Gertler et al. (2020)19 USA •	 Single-center retrospective chart review
•	 137 individuals with DS
•	 Data collected 2007–Apr 2016

•	 Mortality: 7/137 individuals (5.1%) died
•	 Cause of death: 4/7 deaths (57.1%) were 

due to SUDEP

Howell et al. (2021)20 Australia •	 Population-based cohort study
•	 4 individuals with DS of a total cohort of 114 

individuals, all born 2011–2013

•	 Mortality: no individuals with DS died 
<2 years of age

Kwong et al. (2012)23 China (Hong 
Kong)

•	 Genetic screening with retrospective evaluation 
of clinical data

•	 18 individuals with DS of a total cohort of 100
•	 Data collection period was not reported

•	 Mortality: 1/18 individuals (5.6%) died
•	 Age at death: 3 years (n = 1)

Li et al. (2021)34 Australia •	 Prospective cohort study
•	 205 individuals with SCN1A-positive DS
•	 Data were collected between 1995 and 2020

•	 Mortality: 25/205 individuals (12%) died
•	 Age at death: median = 6.5 years 

(range = 11 months–39 years)
•	 Causes of death, n (%):

•	 SUDEP, 13 (52)
•	 Cerebral edema, 5 (20)
•	 Accidental drowning, 4 (16)
•	 SE, 2 (8)
•	 Asphyxia due to aspiration of gastric 

contents, 1 (4)

Sakauchi et al. (2011)83 Japan •	 Questionnaire survey
•	 623 individuals with DS
•	 Questionnaires sent out Jul 2009; no further 

details reported

•	 Mortality: 63/623 individuals (10.1%) 
died

•	 Age at death: prevalence of sudden death 
reached a first peak at 1–3 years of age 
and a second peak at ≥18 years of age

•	 Causes of death (only available for 59/63 
individuals), n (%):
•	 Sudden death, 31 (53)
•	 Acute encephalopathy with SE, 21 (36)
•	 Drowning, 6 (10)
•	 Other causes, 1 (1)

Schubert-Bast et al. 
(2022)39

Germany •	 Retrospective population-based study
•	 160 individuals with probable DS
•	 10-year study period (2007–2016)

•	 Mortality (p < .001 between groups), n 
(%)
•	 Probable DS: 19 (11.88)
•	 Matched controls: 172 (1.19)

•	 Mortality was similar in male (11 deaths, 
12.79% of all male patients with DS) and 
female (8 deaths, 10.81% of all female 
patients with DS) individuals

T A B L E  4   (Continued)

(Continues)
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1.19% in age- and sex-matched controls (p < .001).39 This 
elevated mortality was also reported for individuals with 
LGS by two studies. One retrospective study based in the 
USA with a follow-up period from 1975 to 2001 reported 
a higher observed-to-expected mortality ratio for individ-
uals with LGS (13.92) than for all children with epilepsy 
(3.11),104 and another retrospective study in Germany 
with a follow-up period from 2007 to 2016 reported a mor-
tality of 2.88% for individuals with narrowly defined LGS 
(patients had ≥1 documented epilepsy or status epilepti-
cus diagnosis based on ICD-10 diagnostic codes before 
6 years of age) compared with .01% for the age- and sex-
matched control population (p < .001).50 Mortality rates 

were reported in one study for each condition, with es-
timated rates for DS and LGS of 15.84 deaths81 and 6.12 
deaths49 per 1000 person-years, respectively. Median age 
at death ranged from 4.7 to 7 years for individuals with 
DS across four articles,34,54,55,81 compared with 26 years in 
individuals with confirmed LGS or 16 years in those with 
probable LGS based on one article.49 SUDEP was the most 
frequently reported cause of death for individuals with 
DS (10/21 articles reporting mortality outcomes) and, 
when reported, was the cause of death in 17%–63% of total 
deaths for individuals with DS. Cause of death, which was 
unrelated to SUDEP, was only reported for one individual 
with LGS in one study.43

Study Location Study details Findings

LGS

Autry et al. (2010)104 USA •	 Retrospective population-based cohort study
•	 34 individuals with LGS born 1975–1977
•	 Total study cohort comprised 688 children with 

epilepsy
•	 Follow-up period 1975–2001

•	 Mortality: 12/34 individuals (35.3%) with 
LGS died

•	 Mortality ratios (population of interest 
vs. general population):
•	 LGS, 13.92 (95% CI = 7.19–24.31)
•	 LGS with infantile spasms, 15.24 (95% 

CI = 4.15–39.02)
•	 LGS without infantile spasms, 13.34 

(95% CI = 5.75–26.27)
•	 Total children with epilepsy, 3.11 (95% 

CI = 2.39–3.98)

Chin et al. (2021)49 UK •	 Retrospective linkage cohort study
•	 256 individuals with LGS enrolled 1987–2018; 110 

individuals (43%) with confirmed LGS and 146 
(57%) with probable LGS

•	 Mortality was only calculated for individuals with 
CPRD linkage to ONS (n = 122)

•	 Follow-up period Jan 1998–Feb 2018

•	 Mortality: 18/122 individuals (14.8%) 
died during follow-up
•	 Confirmed LGS, 11
•	 Probable LGS, 7

•	 Age at death, median (min.; max.)
•	 Confirmed LGS, 26 (11; 46) years
•	 Probable LGS, 16 (4; 64) years

•	 Crude mortality (deaths per 1000 
person-years)
•	 Confirmed LGS, 6.12
•	 Probable LGS, 4.17

Rantala & Putkonen 
(1999)43

Finland •	 Retrospective review of 25 individuals with LGS
•	 Data collected 1976–1993
•	 Mean follow-up period: 10.2 years 

(range = 5.3–15.6 years)

•	 Mortality: 1/25 individuals (4%) died
•	 Cause of death: pneumonia due to 

aspiration during SE (n = 1)

Strzelczyk et al. (2021)50 Germany •	 Retrospective study over 10 years from 2007 to 
2016

•	 1571 individuals with broadly defined probable 
LGS; 208 individuals with narrowly defined 
probable LGS

•	 Follow-up period: 10 years

•	 Narrowly defined probable LGS mortality 
was higher than that observed in control 
population (2.88% [6 events] vs. .01% [1 
event], p < .001)

•	 Broadly defined probable LGS mortality 
greater than narrowly defined probable 
LGS population (10.01% [157 events] vs. 
2.88% [6 events], p < .001)

Abbreviations: CI, confidence interval; CPRD, Clinical Practice Research Datalink; DS, Dravet syndrome; IQR, interquartile range; LGS, Lennox–Gastaut 
syndrome; max., maximum; min., minimum; NR, not reported; ONS, Office for National Statistics; SCN1A, gene encoding the voltage-gated sodium channel 
alpha subunit 1; SE, status epilepticus; SUDEP, sudden unexpected death in epilepsy.
aLocation not reported, but majority of authors based in the UK.
b61 individuals from Australia; 39 from overseas with no further details.

T A B L E  4   (Continued)
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4   |   DISCUSSION

Despite DEEs such as DS and LGS receiving an increas-
ing amount of research interest in recent years,106–109 
significant knowledge gaps remain in understanding the 

associated global epidemiological factors associated with 
these conditions. To this end, this systematic review pre-
sents a comprehensive summary and evaluation of the 
published literature describing the epidemiology of DS 
and LGS. Analysis of the 91 articles identified revealed 

T A B L E  5   SUDEP findings for DS.

Study Location Study details Deaths reported due to SUDEP

Bjurulf et al. 
(2022)55

Sweden •	 Population-based study using medical records and 
clinical assessments

•	 55 children (≤18 years of age) with DS (born Jan 
2000–Dec 2018) were included with data collected 
up to Apr 2020

•	 3/7 deaths (42.9%) were due to definite/
probable/possible SUDEP

Brunklaus et al. 
(2012)54

UK •	 Retrospective cohort study using clinical data
•	 Mortality was reported for a subgroup of 88 

children aged 3–7 years and born 2003–2007 (from 
241 individuals in the study) with SCN1A-positive 
DS

•	 3/5 deaths (60%) were due to SUDEP

Brunklaus et al. 
(2012)102

UK •	 Prospective cohort study using clinical data
•	 207 individuals with SCN1A-positive DS
•	 Data collected over 5 years

•	 5/8 deaths (62.5%) were due to SUDEP

Brunklaus et al. 
(2019)90

UK, Ireland, and 
Australia

•	 Prospective cohort study
•	 103 individuals with DS
•	 Data collected over 9 years

•	 4/7 deaths (57%) were due to SUDEP
•	 SUDEP rate for DS was 4.4 per 1000 

person-years

Catarino et al. 
(2011)59

UKa •	 Observational cohort study
•	 26 individuals with DS (22 adult individuals and 4 

pediatric postmortem cases)
•	 Data collection period not reported

•	 1/4 adult deaths (25%) were due to SUDEP
•	 3/4 pediatric deaths (75%) were due to SUDEP

Cooper et al. 
(2016)81

Australia and 
overseasb

•	 Cohort study; no further details specified
•	 100 individuals with DS (87% had an SCN1A 

mutation)
•	 Data collected either Feb 2001–Feb 2015 or when 

the child turned 1 year old until date of death or last 
date the individual was confirmed alive

•	 10/17 deaths (59%) were due to SUDEP
•	 SUDEP classifications were definite (n = 3), 

definite plus (n = 1), and probable (n = 6)
•	 SUDEP rate for DS was 9.32 per 1000 person-

years (98% CI = 4.46–19.45)

Genton et al. 
(2011)103

France •	 Cohort study; no further details specified
•	 24 individuals with DS first referred between 1970 

and 1992

•	 3/5 deaths (60%) were due to SUDEP

Gertler et al. 
(2020)19

USA •	 Single-center retrospective chart review
•	 137 individuals with DS, data collected 2007– Apr 

2016

•	 4/7 deaths (57.1%) were due to SUDEP

Li et al. (2021)34 Australia •	 Prospective cohort study
•	 205 individuals with SCN1A-positive DS, data 

collected between 1995 and 2020

•	 13/25 deaths (52%) were due to SUDEP or 
probable SUDEP

Sakauchi et al. 
(2011)83

Japan •	 Questionnaire survey
•	 623 individuals with DS
•	 Questionnaires sent out Jul 2009; no further details 

reported
•	 63/623 individuals with DS had died; data analysis 

was conducted on 59 of these

•	 31/59 deaths (53%) were due to SUDEP

Villeneuve et al. 
(2014)65

France •	 Prospective cohort study
•	 21 individuals with DS 6–10 years old
•	 Data collected between 2003 and 2012

•	 4 individuals were excluded from the study 
owing to deaths due to SUDEP before the 
study began (of 27 individuals eligible at the 
beginning of the study)

Abbreviations: CI, confidence interval; DS, Dravet syndrome; SCN1A, gene encoding the voltage-gated sodium channel alpha subunit 1; SUDEP, sudden 
unexpected death in epilepsy.
aLocation not reported, but majority of authors based in the UK.
b61 individuals from Australia and 39 from overseas with no further details given.
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high levels of interstudy variability in methods and re-
sults, and a clear skew of research attention toward DS. A 
paucity of studies focusing on LGS was observed despite 
this condition having been recognized for longer than 
DS.110,111 These issues, identified in the present analysis, 
make it difficult to draw reliable conclusions about the 
epidemiology of DS and LGS.

Strzelczyk et  al.112 recently conducted a systematic 
literature review on the burden of illness of LGS, which 
included analysis of incidence, prevalence, and mortality 
outcomes. In general, there was a high degree of similarity 
between the Strzelczyk et al.'s systematic review and the 
findings on LGS presented here. Our systematic review 
included all of the same studies reporting epidemiologi-
cal outcomes except one review article,113 which was ex-
cluded from our study based on the inclusion criteria of 
the present analysis.

Overall, our findings for LGS incidence and prevalence 
outcomes were similar to the Strzelczyk review findings, 
although the number of included studies varied slightly 
(seven studies vs. 10 studies in this review). Our reported 
incidence estimates have a wider range of 1.93–28 cases 
per 100 000 individuals (three studies), compared with 1.9 
per 100 000 children younger than 15 years (reported by 
two different studies). Reported prevalence estimates also 
differed slightly (5.78–60.8 per 100 000 individuals in our 
review vs. 4.2–60.8 [probable LGS] or 2.9–28 [confirmed 
LGS] per 100 000 individuals reported by Strzelczyk et al.). 
This is because we did not stratify between probable and 
confirmed LGS throughout our review and because we 
included the overall prevalence of LGS reported by Chin 
et al. (5.78 per 100 000 individuals), rather than reporting 
the prevalence for probable LGS (4.20 per 100 000 indi-
viduals) or confirmed LGS (2.89 per 100 000 individuals) 
individually from the same publication.49 Additionally, 
we have reported one estimate of 28 per 100 000 individu-
als from one study as an incidence proportion,43 whereas 
Strzelczyk et al. reported the same value as a prevalence 
estimate. We included this value as an incidence pro-
portion because this was how we consistently reported 
all included study estimates (10 articles) that were cal-
culated as the number of newly diagnosed cases divided 
by the number of live births reported.18,22,26,28,30,40,43,54–56 
Mortality findings for LGS were also in alignment with 
those reported by Strzelczyk et al., with a higher mortality 
for individuals with LGS than for the general population 
and epilepsy population.

No clear geographical patterns were identified across 
any of the outcomes; however, this may have been due to 
the lack of comparable studies across multiple countries. 
For each outcome category, there was an underrepresen-
tation of studies in low-income countries and of studies 
in Africa, Oceania, and South America. As a result, the 

findings described in this review may not be generalizable 
to these populations, preventing the identification of epi-
demiological trends across different races and ethnicities. 
Given the high prevalence of epilepsy in developing coun-
tries,114 the true incidence and prevalence of DS and LGS 
globally may be underestimated. Additionally, there is a 
clear lack of global information available on the mortality 
of patients with DS and LGS, meaning the true impact of 
these conditions is also likely to be underestimated, and 
hinders comparison with other types of epilepsy.

Scientific advances in diagnostic methods and treat-
ment have driven changes in diagnostic criteria and 
definitions for DS and LGS over time.2,115 These changes 
were reflected in the results of this review by a wide vari-
ation in diagnostic criteria used across studies, with some 
(mainly older) studies likely to have included individuals 
who would perhaps not receive a diagnosis of DS or LGS 
today. Most study case definitions were based on existing 
diagnoses of DS or LGS, which will likely underestimate 
the true population incidence and prevalence, because DS 
and LGS are believed to be underdiagnosed.116–118

The development of genetic screening for SCN1A vari-
ants in individuals with DS has facilitated earlier detection 
and accurate diagnosis, thereby reducing unnecessary in-
vestigations and improving access to appropriate therapies 
and care (e.g., discontinuation of contraindicated medica-
tions), resulting in improved seizure control.38,58 The ubiq-
uitous use of genetic testing to screen for SCN1A variants 
observed in this review may explain the large discrepancy 
in the number of studies identified for DS compared with 
LGS. SCN1A screening has simplified DS diagnosis, but 
overreliance on this method could potentially lead to an 
overemphasis on individuals with SCN1A variants in the 
literature, and, although common in individuals with DS, 
they are not always present.119 Use of SCN1A screening 
to define DS in two studies34,42 could have led to underre-
porting of the incidence and prevalence of DS.

Clear additional difficulties exist in diagnosing LGS 
compared with DS. The later onset of seizures (≥2 years of 
age) in LGS creates challenges in distinguishing between 
late onset LGS and cases of diagnostic delay,16 and may re-
sult in underestimation of prevalence estimates. Although 
beneficial for future studies, updates to diagnostic criteria 
over time, for example the ILAE-recommended diagnostic 
age, may also influence the variability in prevalence es-
timates.4,120 The potential evolution from other epilepsy 
syndromes (e.g., infantile epileptic spasms syndrome) also 
makes distinguishing between LGS and other conditions 
difficult, particularly with a current lack of stringent, 
consistent diagnostic criteria in studies to date. Given the 
degree of heterogeneity observed in the LGS electroclin-
ical phenotype, LGS diagnoses may encompass multiple 
separate conditions that each have different etiologies, 
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genotypes, risk of mortality/SUDEP, and treatment re-
quirements, which might partly explain the variation in 
findings identified in this review. Although there is still 
uncertainty in terms of identifying a definitive LGS di-
agnosis in the existing published literature, updated and 
more robust diagnostic criteria will aid in re-evaluating 
the reliability of current estimates, and ensure consistent 
reporting in future studies.4

Unlike DS, LGS has variable presentation and etiology, 
with no specific associated genetic variant. Therefore, no 
definitive method of diagnostic verification exists, as high-
lighted by only six articles reporting genotype information 
for individuals with LGS. As a result, the accuracy of LGS 
diagnosis will depend on the degree to which diagnostic 
criteria are adhered to, and thus will affect estimates of 
incidence and prevalence. Case definitions used for LGS 
were highly heterogeneous across the included studies 
(e.g., some studies included a definition of "probable LGS" 
for individuals with unconfirmed LGS diagnoses), which, 
combined with the lack of a disease biomarker and hetero-
geneity of presentation, could have reduced the reliability 
of study findings and inflated incidence and prevalence 
estimates.

Improvements in the diagnosis of conditions with phe-
notypes similar to LGS, including other DEEs associated 
with multiple treatment-resistant seizure types and de-
velopmental delay, could indirectly improve the diagno-
sis of LGS through reducing the number of misdiagnoses. 
For example, the recent discovery of genetic causes for 
cyclin-dependent kinase-like 5 (CDKL5) deficiency disor-
der facilitates differentiation of this condition and LGS.121 
Consequently, increasingly accurate diagnoses of DEEs 
through genetic screening could lead to a reduction in un-
certain diagnoses such as "probable LGS."

Both DS and LGS were found to pose a significant risk 
of premature death in affected individuals. Despite having 
a lower estimated incidence and prevalence, individuals 
with DS appear to have a higher mortality and die at a 
younger age than those with LGS. These findings may be 
partially explained by the relatively high prevalence of 
SUDEP observed in individuals with DS, as well as the 
later onset and difficulties in diagnosis observed for LGS, 
which may mean that individuals do not receive a correct 
LGS diagnosis before death.

No cases of SUDEP in individuals with LGS were 
identified in this systematic review, perhaps reflecting a 
paucity of available data. It should be noted that during 
screening, an article that recorded a case of death due to 
SUDEP in an individual with LGS was identified,122 but 
this study did not meet the inclusion criteria for this re-
view (case report).

One long-term prospective outcome study identified in 
this review reported a DS-specific SUDEP rate of 4.4/1000 

person-years,90 whereas another study reported a higher 
rate of 9.32 per 1000 person-years (98% confidence inter-
val = 4.46–19.45).81 In epilepsy overall, the incidence of 
SUDEP is estimated to be .58 (range = .31–1.08) per 1000 
person-years,123 suggesting that SUDEP is considerably 
more common in individuals with DS than in those with 
other types of epilepsy.

Reliability and generalizability of the review findings 
were limited by quality concerns, inconsistency in case 
definitions, and poor geographical representation of some 
regions. The most frequent quality concerns across the 
studies related to sample representativeness, disease and 
outcomes measures used, and reporting clarity. Notably, 
use of Medicaid databases in some of the US-based stud-
ies may have skewed estimates of incidence and preva-
lence, given that Medicaid specifically covers health care 
costs for children and people with low income or disabil-
ities and is not representative of the US general popula-
tion. The high prevalence estimates in studies using the 
Medicaid database compared with other population-based 
studies may therefore be explained by an overrepresenta-
tion of people with DS and LGS in this database.41 The 
absence of specific ICD-10 codes for DS and LGS in many 
countries and the relatively recent introduction of codes 
in the USA (in 2020 and 2015, respectively) may also pre-
vent reliable identification of individuals from historical 
claims data for epidemiological analyses.106,124

Inconsistency with case definitions, especially for LGS, 
hindered the ability to make direct comparisons across 
studies. The harmonization of study methods is needed 
to facilitate comparisons across epidemiological studies 
going forward.

Finally, several geographical regions were under-
represented in the included studies, particularly Africa, 
Oceania, and South America. As a result, a true global 
understanding of the epidemiology of DS and LGS is not 
possible, highlighting the need for large multinational 
studies.

To overcome these quality concerns and limitations, 
future studies should aim to include representative sam-
ples of the DS and LGS individual populations and use 
clearly described, up-to-date diagnostic criteria that allow 
accurate identification and diagnosis of individuals with 
DS and LGS, and reliable interstudy comparison.

5   |   CONCLUSIONS

This systematic review highlights the considerable differ-
ences in research attention and available diagnostic tools 
for DS and LGS. The benefits of having a genetic biomarker 
to aid diagnosis and ultimately to improve patient care are 
apparent with DS, and likely explain the skew of included 
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articles toward this condition compared with LGS. Whereas 
prevalence estimates were higher for LGS compared to 
DS per 100 000 individuals (LGS, 5.8–60.8; DS, 1.2–6.5), 
mortality and the risk of SUDEP appear to be higher for 
DS than for LGS. There was a paucity of existing data on 
certain outcomes for both conditions, particularly for LGS, 
and difficulty comparing studies because of variations in 
methods and case definitions used. These issues emphasize 
the need for new, systematic epidemiological studies that 
apply a clear and consistent case definition across multi-
ple countries. Addressing existing evidence gaps would 
facilitate greater understanding of how many individuals 
are affected by DS and LGS, and the identification of issues 
relating to diagnosis and mortality around the globe.
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