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A B S T R A C T   

Introduction: Developmental and/or epileptic encephalopathy with spike-and-wave activation in sleep (D/EE-SWAS), also referred to as electrical status epilepticus 
during sleep (ESES) or epileptic encephalopathy with continuous spike-and-wave during sleep (CSWS or EE-CSWS), is a spectrum of rare childhood epileptic en-
cephalopathies that can lead to long-term cognitive impairment. Despite the importance of early diagnosis and intervention for D/EE-SWAS, there is a paucity of 
well-controlled clinical trial data to inform treatment, and no approved treatments are available. To assess correlations between diagnosis, treatment, and outcomes 
in D/EE-SWAS, we carried out a systematic review of the literature. 
Methods: In August 2020, we conducted comprehensive database searches using search terms including “electrical status epilepticus,” “ESES,” “CSWS,” and “Landau- 
Kleffner syndrome.” Two or more independent reviewers screened titles, abstracts, and full-text articles for those that met the following criteria: prospective studies 
(randomized controlled trials [RCTs] or open-label trials), retrospective studies (drug evaluations or observational studies/chart reviews), and case series with ≥ 10 
participants. Both interventional and non-interventional studies were included (i.e., drug intervention was not an inclusion criterion). Articles published before 2012, 
review articles, animal studies, and studies of surgical or dietary interventions were excluded. Standardized data extraction templates were used to capture data on 
study design, patient characteristics, interventions, and outcomes from each of the selected publications. Study quality was assessed using the Cochrane Risk of Bias 
Tool for RCTs and the Newcastle-Ottawa Scale (NOS) or the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for retrospective, observational studies. 
Results: A total of 34 studies were included for full data extraction, most of which were uncontrolled and observational. Interpretation of study outcomes was limited 
by small study populations, variability in inclusion criteria, and inconsistency in methods of assessment and reporting of outcomes, which resulted in large het-
erogeneity in patients and their presenting symptoms. Despite these limitations, some patterns could be discerned. Several studies found that longer duration of ESES 
and younger age at onset were correlated with more severe language and cognitive deficits. In addition, several studies reported an association between improvement 
in cognitive outcomes and reduction in electroencephalogram (EEG) abnormalities and/or seizure frequency. In the 16 prospective or retrospective studies that 
evaluated drug treatments (e.g., antiseizure medications, corticosteroids, and high-dose diazepam), there was some improvement in EEG, seizure, and/or cognitive 
outcomes, although the specific outcomes and rates of improvement reported varied from study to study. 
Conclusion: Long-term cognitive deficits remain common in D/EE-SWAS, and data gaps exist in the literature that preclude an evidence-based approach to managing 
this complex epilepsy indication. Early intervention with more effective medications is needed to optimize long-term outcomes. Sufficiently powered, randomized, 
double-blind, controlled trials with standardized methods and predefined primary and secondary outcomes are needed.   

1. Introduction 

Developmental and/or epileptic encephalopathy with spike-and- 
wave activation in sleep (D/EE-SWAS) is a rare childhood epilepsy 
syndrome that is estimated to account for 0.2–1.3% of pediatric epi-
lepsies (Chipaux et al., 2016; Kramer et al., 1998; Sanchez Fernandez 
et al., 2013a; Sanchez Fernandez et al., 2013c; Specchio et al., 2022; 
Terney et al., 2016; Van Hirtum-Das et al., 2006). It is characterized by 
cognitive, language, behavioral, and/or motor regression associated 

with an electroencephalogram (EEG) pattern of marked spike-and-wave 
activation in sleep, and seizures in some (but not all) patients (Sanchez 
Fernandez et al., 2013a; Sanchez Fernandez et al., 2013c; Specchio et al., 
2022). Many patients experience developmental delay (encephalopa-
thy) in association with a CSWS EEG pattern, and standard criteria to 
diagnose such regressions or delays are a major problem in the assess-
ment and management of these patients (Specchio et al., 2022). Much 
about the physiological underpinning of D/EE-SWAS remains unknown, 
although structural brain lesions, such as malformations of cortical 
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development or early thalamic injury, have been associated with the 
syndrome (Guerrini et al., 1998; Incorpora et al., 1999; Kelemen et al., 
2006; Kersbergen et al., 2013; Monteiro et al., 2001; Sanchez Fernandez 
et al., 2013a; Specchio et al., 2022). In addition, a growing number of 
case reports and small case series have described associations with ge-
netic factors such as copy number variations and other mutations in 
various chromosomes, although the etiological role of these genetic 
factors is unclear (Sanchez Fernandez et al., 2013a). 

Despite the largely unknown pathophysiology of D/EE-SWAS, the 
disease course has been fairly well characterized (Sanchez Fernandez 
et al., 2013a; Specchio et al., 2022). Onset of seizures (in those who have 
seizures) typically occurs between 2 and 12 years of age (peaking at 4–5 
years), with the EEG developing spike-and-wave activation in non-rapid 
eye movement (non-REM) sleep 1–2 years later along with cognitive/-
behavioral regression. During the initial phase, seizures are infrequent 
and drug-responsive in most patients, but typically worsen over time 
with the evolution of multiple seizure types (Specchio et al., 2022). By 
adolescence, seizures tend to markedly decrease or resolve, with 
improvement or resolution of EEG phenotypes also occurring in most 
patients (Specchio et al., 2022). Reductions in seizure frequency and 
EEG phenotypes suggest that some symptoms may be self-limiting. Like 
seizure frequency and EEG phenotypes, cognitive and/or motor deficits 
may improve over time; however, many patients have residual impair-
ment, and up to half of patients have impairments severe enough to limit 
independent functioning (Seegmüller et al., 2012; Pera et al., 2013; 
Sanchez Fernandez et al., 2013a; Specchio et al., 2022; Tassinari and 
Rubboli, 2006). The degree of long-term cognitive dysfunction is largely 
determined by etiology (Fejerman et al., 2012; Pera et al., 2013; Car-
aballo et al., 2013b; Chen et al., 2014; Arhan et al., 2015; Gong et al., 
2018; Cao et al., 2019; Saraf et al., 2020) as well as the onset and 
duration of D/EE-SWAS, with earlier onset and longer duration associ-
ated with poorer outcomes (Nickels and Wirrell, 2008; Oztoprak et al., 
2021; Van Bogaert, 2013). Poorer cognitive outcomes are also associ-
ated with higher percentages of slow-wave sleep occupied by continuous 
spike-and-wave activity (Maltoni et al., 2016). Thus, early diagnosis, 
regardless of etiology, and effective treatments are essential for mini-
mizing long-term cognitive deficits (Specchio et al., 2022). 

A major obstacle in the study of D/EE-SWAS is the heterogeneous use 
of terminology for the condition and its identifying characteristics (Berg 
et al., 2010; Sanchez Fernandez et al., 2013c; Specchio et al., 2022). 
Since the term “electrical status epilepticus during sleep” (ESES) was 
first used in the 1970s to describe an EEG pattern of continuous 
spike-and-waves during slow-wave sleep in children with cognitive 
dysfunction (Patry et al., 1971; Sanchez Fernandez et al., 2013c), the 
terminology has continued to evolve (Berg et al., 2010; Sanchez Fer-
nandez et al., 2013c; Specchio et al., 2022). Until recently, another term, 
“epilepsy with continuous spike-and-wave during sleep” (CSWS or 
EE-CSWS) was used interchangeably with ESES (Berg et al., 2010; 
Sanchez Fernandez et al., 2013c); however, some researchers differen-
tiated these terms by using ESES to refer to the EEG pattern of frequent 
spike-waves or to the associated epileptic encephalopathy with global 
developmental regression, and CSWS or EE-CSWS to refer to the most 
severe form of the associated epileptic encephalopathy (Sanchez Fer-
nandez et al., 2013c). In 2022, the International League Against Epilepsy 
(ILAE) task force on the nosology of childhood epilepsy (Specchio et al., 
2022) proposed the terms “developmental epileptic encephalopathy 
with spike-and-wave activation in sleep”, or DEE-SWAS, to refer to pa-
tients with pre-existing neurodevelopmental disorders prior to cognitive 
regression, and “epileptic encephalopathy with spike-and-wave activa-
tion in sleep”, or EE-SWAS, for patients with pre-existing normal 
development prior to cognitive regression. For brevity, we will use the 
term “D/EE-SWAS” to encompass both DEE-SWAS and EE-SWAS 
throughout this review. 

Beyond inconsistencies in terminology, diagnostic criteria have 
varied over time, additionally confounding the D/EE-SWAS landscape. 
Most notably, there has been considerable variation in the threshold for 

the spike-wave index (SWI; typically calculated as the percentage of 1- 
second bins occupied by at least one spike-wave during EEG tracing 
[Aeby et al., 2005]) used to define D/EE-SWAS. The SWI threshold for 
D/EE-SWAS was initially defined as spike-and-wave activity occupying 
at least 85% of the slow-wave sleep tracing (Patry et al., 1971). In more 
recent studies, SWI thresholds of 50% (Chen et al., 2014; Gencpinar 
et al., 2016; Hempel et al., 2019; Raha et al., 2012; Sanchez Fernandez 
et al., 2012a; Sanchez Fernandez et al., 2013b; van den Munckhof et al., 
2018; Vrielynck et al., 2017) and 85% (Cao et al., 2019; Carvalho et al., 
2020; Chen et al., 2015, 2016; Degerliyurt et al., 2015; Fortini et al., 
2013; Francois et al., 2014; Gong et al., 2018; Saraf et al., 2020; Sonnek 
et al., 2021; Wiwattanadittakul et al., 2020; Yilmaz et al., 2014) have 
been used. In 2 studies based in Turkey, short courses of adrenocorti-
cotropic hormone (ACTH) were administered for ESES when SWI was ≥
15% (Altunel et al., 2017a; Altunel et al., 2017b). This 15% threshold 
was the lowest SWI in the studies that met our review inclusion criteria. 
Further complicating the landscape has been the historically ambiguous 
relationship between this condition and similar childhood electro-
clinical syndromes such as Lennox-Gastaut syndrome (LGS) and 
self-limited epilepsy with centrotemporal spikes (SeLECTS). Previously, 
many epilepsy experts considered D/EE-SWAS to exist on a spectrum 
with these related electroclinical syndromes (Tenney and Glauser, 
2017); in fact, many prevalence estimates of D/EE-SWAS include these 
related syndromes. However, the current ILAE task force differentiates 
D/EE-SWAS from the related childhood electroclinical syndromes 
(Specchio et al., 2022). 

Despite the importance of early diagnosis and intervention, there are 
no approved treatments for D/EE-SWAS, and there is only limited evi-
dence from randomized controlled trial data to inform treatment 
(Bjørnaes et al., 2013; Larsson et al., 2012). A recent Cochrane review 
noted that due to the low incidence of D/EE-SWAS, multicenter trials 
with adequate patient recruitment are needed to provide evidence for 
the effectiveness of pharmacologic treatments (Moresco et al., 2020). In 
the absence of an evidence-based approach, children with D/EE-SWAS 
currently receive a variety of therapies, including high-dose benzodi-
azepines, antiseizure medications (ASMs), and corticosteroids, often in 
combination (Baumer et al., 2021; Sanchez Fernandez et al., 2014; 
Sanchez Fernandez et al., 2013a). Epilepsy surgery has also been used 
for treatment, but this is less common (Baumer et al., 2021; Sanchez 
Fernandez et al., 2014; Sanchez Fernandez et al., 2013a). Although these 
treatments may be effective in reducing seizure frequency and severity 
in the subset of patients who experience seizures, their effects on 
normalizing SWI and improving long-term outcomes are less clear. 

In order to assess the evidence underlying correlations between 
diagnosis, treatment, and outcomes in D/EE-SWAS, we carried out a 
systematic review of the literature. Study designs, patient demographics, 
treatment patterns, and reported outcomes were analyzed. 

2. Methods 

2.1. Identification and selection of studies 

The methodology of this review was informed by the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines (Page et al., 2021). In August 2020, we conducted a PubMed 
database search to identify studies relevant to the diagnosis, treatment, 
and outcomes of patients with D/EE-SWAS using search terms including 
“electrical status epilepticus,” “ESES,” “CSWS,” and “Landau-Kleffner 
syndrome” (for a full list of search terms see Supplementary Table 1). 
“ESES” and “CSWS” were used as search terms because they were the 
predominant terms used for the condition before 2020. In addition, a 
hand search was conducted using recent high-quality articles and re-
views to ensure that all relevant reports were identified. Two indepen-
dent reviewers with clinical backgrounds in epilepsy screened titles, 
abstracts, and full-text articles for those that met the following criteria: 
prospective studies (randomized controlled trials [RCTs] or open-label 
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trials), retrospective studies (drug evaluations or observational studie-
s/chart reviews), and case series with ≥ 10 participants. Both inter-
ventional and non-interventional studies were included (i.e., drug 
intervention was not an inclusion criterion). There were no constraints 
on geographic region, but only English-language publications were 
included. Articles published before 2012 were excluded in order to 
minimize overlap with a previously published pooled analysis (van den 
Munckhof et al., 2015) and thereby avoid duplication in individual 
patient data. Review articles, animal studies, and studies of surgical or 
dietary interventions were excluded. 

2.2. Data extraction 

Standardized data extraction templates were developed to capture 
key data on study design, patient characteristics, interventions, and 
outcomes from each of the selected publications. A list of the efficacy 
outcomes of interest is shown in Supplementary Table 2. Data from the 
studies were extracted by a primary reviewer and checked by at least 
one secondary reviewer; a third, independent reviewer was consulted if 
any conflicts arose. Study quality was assessed using the Cochrane Risk 
of Bias Tool for RCTs (Higgins et al., 2011) and the Newcastle-Ottawa 
Scale (NOS) (Wells et al.) or Joanna Briggs Institute (JBI) Critical 
Appraisal Checklist (Munn et al., 2020) for retrospective, observational 
studies. 

3. Results 

3.1. Systematic literature review and risk of bias assessment 

The initial search yielded 397 hits (Fig. 1). After removal of 141 
review articles, duplicates, and non-English language reports, and 
another 38 records by title/abstract screening, 218 publications 
remained for full-text screening. Of these, 34 records (4 prospective 
studies and 30 retrospective, observational studies) were included for 
data extraction based on defined inclusion and exclusion criteria for this 
review (Altunel et al., 2017a; Altunel et al., 2017b; Arhan et al., 2015; 

Bjørnaes et al., 2013; Cao et al., 2019; Caraballo et al., 2014; Caraballo 
et al., 2013a; Caraballo et al., 2015; Caraballo et al., 2013b; Carvalho 
et al., 2020; Chen et al., 2015, 2016; Chen et al., 2014; Degerliyurt et al., 
2015; Fatema et al., 2015; Fejerman et al., 2012; Fortini et al., 2013; 
Francois et al., 2014; Gencpinar et al., 2016; Gong et al., 2018; Hempel 
et al., 2019; Kanmaz et al., 2021; Larsson et al., 2012; Maltoni et al., 
2016; Raha et al., 2012; Sanchez Fernandez et al., 2012a; Sanchez 
Fernandez et al., 2013b; Saraf et al., 2020; Sonnek et al., 2021; van den 
Munckhof et al., 2018; Vrielynck et al., 2017; Wilson et al., 2018; 
Wiwattanadittakul et al., 2020; Yilmaz et al., 2014). 

Quality assessments of the reports indicated that the overall risk of 
bias for one of the prospective RCTs (Bjørnaes et al., 2013) was 
considered high due to a high risk of attrition bias; there was a low 
overall risk of bias for the other RCT (Larsson et al., 2012) (Supple-
mentary Table 3). The overall risk of bias in the two prospective, 
open-label trials (Cao et al., 2019; Chen et al., 2016) was considered 
moderate (Supplementary Table 4). All but 4 of the retrospective trials 
(Caraballo et al., 2013a; Carvalho et al., 2020; Fatema et al., 2015; 
Francois et al., 2014) were considered to have a low or moderate risk of 
bias (Supplementary Tables 4 and 5). 

3.2. Study designs 

Of the 34 studies that met inclusion criteria, 4 were prospective in 
design (Table 1) (Bjørnaes et al., 2013; Cao et al., 2019; Chen et al., 
2016; Larsson et al., 2012). Two of the prospective studies were RCTs 
evaluating the effects of levetiracetam (Bjørnaes et al., 2013; Larsson 
et al., 2012); both trials evaluated the efficacy of 12 weeks of levetir-
acetam treatment in a randomized, double-blind, placebo-controlled 
crossover design with small study populations (18 and 23 participants). 
The other 2 prospective trials evaluated the effects of ≥ 6 months of 
open-label treatment with corticosteroids (methylprednisolone plus 
prednisolone (Cao et al., 2019) or dexamethasone [Chen et al., 2016]); 
both studies had fewer than 25 participants. 

The remaining 30 studies were retrospective in design; of these, 12 
evaluated the effects of drug treatments including ASMs (levetiracetam 

Fig. 1. PRISMA Flow Diagram of Search Strategy.  
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[Chen et al., 2015; Chen et al., 2014], sulthiame [Fejerman et al., 2012; 
Kanmaz et al., 2021], topiramate [Vrielynck et al., 2017]), benzodiaz-
epines (high-dose diazepam [Francois et al., 2014; Sanchez Fernandez 
et al., 2012a; Sanchez Fernandez et al., 2013b]), corticosteroids (pred-
nisone [Hempel et al., 2019]) and others (ACTH [Altunel et al., 2017a; 
Altunel et al., 2017b]; amantadine [Wilson et al. (2018)]) (Table 2). For 
most long-term studies, the treatment dose and concomitant medica-
tions were allowed to be adjusted during the follow-up period to best 
treat the patient. Two of the studies evaluated different outcomes (short- 
vs long-term effects of diazepam treatment) in the same patient popu-
lation (Sanchez Fernandez et al., 2012a; Sanchez Fernandez et al., 
2013b). Patient populations in these studies ranged from 17 to 75 par-
ticipants, with only 4 studies following more than 50 patients (Altunel 
et al., 2017a; Chen et al., 2015; Chen et al., 2014; Fejerman et al., 2012). 
Duration of follow-up periods ranged from 1 month to 16 years, except 
for 1 study that assessed short-term outcomes after 24 h of diazepam 
treatment. 

The other 18 retrospective studies were observational studies/chart 
reviews. These observational studies were not designed to evaluate 
specific treatments; rather, the objective of the studies was to evaluate 
changes over time in specific characteristics associated with D/EE- 
SWAS, such as SWI/EEG, seizure frequency, cognitive/behavioral out-
comes, treatment patterns, and/or prognosis. Duration of follow-up in 
these studies ranged from 2 weeks to 22 years, with 8 studies following 
patients for ≤ 2 years (Table 3) (Carvalho et al., 2020; Fatema et al., 
2015; Gencpinar et al., 2016; Gong et al., 2018; Raha et al., 2012; Saraf 
et al., 2020; Sonnek et al., 2021; van den Munckhof et al., 2018) and 10 
studies following patients longer than 2 years (Table 4) (Arhan et al., 
2015; Caraballo et al., 2014; Caraballo et al., 2013a; Caraballo et al., 
2015; Caraballo et al., 2013b; Degerliyurt et al., 2015; Fortini et al., 
2013; Maltoni et al., 2016; Wiwattanadittakul et al., 2020; Yilmaz et al., 
2014). The observational study populations ranged from 10 to 117 pa-
tients, with 4 studies following fewer than 20 patients (Caraballo et al., 
2015; Fatema et al., 2015; Raha et al., 2012; Yilmaz et al., 2014). 

3.3. Inclusion criteria 

Key inclusion criteria are shown in Supplementary Table 6. All studies 
required the presence of continuous spike-and-wave discharges during 
slow-wave sleep as an inclusion criterion; however, we did not use spe-
cific attributes of SWI (such as minimum specific inclusion criteria, 

calculation methods, or definition) to exclude studies that met search 
criteria. The minimum SWI percentage of non-REM sleep required for 
inclusion varied from 15% to 85%, and 3 studies did not specify a 
threshold (Caraballo et al., 2013a; Fatema et al., 2015; Fejerman et al., 
2012). Methods of calculating and/or defining SWI also varied widely 
among the studies, and most of the studies did not provide specific details 
for the calculation. In 9 studies, SWI was defined only as “the percentage 
of epileptiform or spike-wave activity” during N-REM sleep (Altunel 
et al., 2017a; Altunel et al., 2017b; Chen et al., 2015, 2016; Chen et al., 
2014; Gong et al., 2018; Hempel et al., 2019; Sonnek et al., 2021; Yilmaz 
et al., 2014), with no further information on the exact method of calcu-
lation (3 of these studies specified that the measurement occurred during 
the first N-REM sleep cycle (Chen et al., 2015, 2016) or the first ≥ 10 min 
of sleep [Sonnek et al., 2021]). Another 8 studies defined SWI only as the 
“number of spike-waves per unit of time” during N-REM sleep (Arhan 
et al., 2015; Caraballo et al., 2014; Caraballo et al., 2015; Caraballo et al., 
2013b; Degerliyurt et al., 2015; Fortini et al., 2013; Francois et al., 2014; 
Maltoni et al., 2016); of these, 2 studies defined the unit of time as 1 s 
(Degerliyurt et al., 2015) or 1 min (Maltoni et al., 2016), and 1 study 
measured the spike-waves during 15-second intervals over 100 pages of 
EEG recordings (Francois et al., 2014). Three studies did not include any 
information on how SWI was defined (Caraballo et al., 2013a; Fatema 
et al., 2015; Fejerman et al., 2012). 

Of the studies that provided more detail on SWI calculation, 9 
defined SWI as the percentage of 1-second bins with ≥ 1 spike-wave 
during N-REM sleep (Cao et al., 2019; Kanmaz et al., 2021; Raha 
et al., 2012; Sanchez Fernandez et al., 2012a; Sanchez Fernandez et al., 
2013b; van den Munckhof et al., 2018; Vrielynck et al., 2017; Wilson 
et al., 2018; Wiwattanadittakul et al., 2020), 6 of which specified the 
duration of measurement as 5 min (Cao et al., 2019; Sanchez Fernandez 
et al., 2012a; Sanchez Fernandez et al., 2013b), 10 min (van den 
Munckhof et al., 2018), ≥ 30 min (Raha et al., 2012), or 1 h (Vrielynck 
et al., 2017). In 2 studies, SWI was calculated as the percentage of time 
with < 3 s between spikes in 10-minute epochs of N-REM sleep 
(Bjørnaes et al., 2013; Larsson et al., 2012). The remaining 3 studies 
calculated SWI as either the total minutes of spike and slow waves 
divided by the total duration of N-REM sleep (Gencpinar et al., 2016), 
the average number of spike-wave complexes per 100 s (Saraf et al., 
2020), and the percentage of 3-second bins with ≥ 1 spike-wave during 
the first sleep cycle using automatic spike matching to hand-selected 
template spikes (Carvalho et al., 2020). 

Table 1 
Summary of Prospective Studies.   

Treatment (Dose) Treatment 
Duration 

Study Outcomes 

Randomized, Double-blind 
Bjørnaes et al. 

(2013) N = 23 
Levetiracetam (20–25 mg/kg) vs PBO 12 wka  • Greater reduction in mean SWI for levetiracetam vs PBO (40% vs 17%)  

• In pts with available data, levetiracetam had no significant effect on behavior (n = 12–15), 
vigilance (n = 11–13), or memory (n = 12–13); outcomes in the PBO arm were not reported  

• No correlation between reduced SWI and cognitive status 
Larsson et al. 

(2012) N = 18 
Levetiracetam (20–25 mg/kg) vs PBO 12 wka  • Greater reduction in mean SWI for levetiracetam vs PBO (44% vs 8%)  

• 9 (50%) pts had > 50% SWI reduction 
Open-label 
Cao et al. (2019) 

N = 22 
Methylprednisolone (15 mg/kg); 
prednisolone (2 mg/kg)b 

12 mob  • 7 (32%) pts had ≥ 50% seizure reduction after initial treatment; 4 (18%) were seizure-free  
• No significant difference in VIQ and PIQ between pts with ≥ 50% vs < 50% SWI reduction  
• VIQ and PIQ were significantly higher in pts with ≥ 50% vs < 50% seizure reduction 

(P < 0.05) 
Chen et al. (2016) 

N = 15 
Dexamethasone (0.15 mg/kg) 6–10 moc  • 5 (33%) pts had ≥ 50% SWI reduction; 2 (13%) had SWI normalization   

• 4 (27%) pts had > 50% seizure reduction; 3 (20%) were seizure-free  
• 7 (47%) pts had improvement or resolution of cognitive and/or behavioral impairment 

mo, month(s); PBO, placebo; PIQ, performance intelligence quotient; pts, patients; SWI, spike-wave index; VIQ, verbal intelligence quotient; vs, versus; wk, week(s). 
a This was a crossover study; half of the pts were randomized to LEV for 12 wk, then PBO for 12 wk, while the other half were randomized to PBO then LEV. 
b Participants received 3 consecutive courses of intravenous methylprednisolone (15 mg/kg) for 3 days, then oral prednisolone (2 mg/kg) for 4 days. After 3 

consecutive courses, oral prednisolone (1–2 mg/kg) was started and eventually tapered for a total combined treatment of 6 mo. Participants who responded to the 
initial course of treatment were followed for up to 12 mo. 

c After the 6–10 mo treatment period, participants were followed for up to 7 years. 
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The presence of seizures was required for inclusion in less than half 
of the included studies (Arhan et al., 2015; Cao et al., 2019; Caraballo 
et al., 2015; Caraballo et al., 2013b; Chen et al., 2015; Chen et al., 2014; 
Degerliyurt et al., 2015; Fatema et al., 2015; Fejerman et al., 2012; 
Fortini et al., 2013; Gong et al., 2018; Kanmaz et al., 2021; Saraf et al., 
2020). In 19 studies, cognitive impairment, functional deterioration, 
aphasia, or behavioral disorders were specified as inclusion criteria 
(Arhan et al., 2015; Cao et al., 2019; Caraballo et al., 2014; Caraballo 
et al., 2015; Caraballo et al., 2013b; Carvalho et al., 2020; Chen et al., 
2015, 2016; Degerliyurt et al., 2015; Fatema et al., 2015; Fejerman 
et al., 2012; Fortini et al., 2013; Gong et al., 2018; Kanmaz et al., 2021; 

Table 2 
Summary of Retrospective Studies Evaluating Drug Treatments.   

Treatment 
(Dose) 

Treatment/ 
Follow-up, 
Mean (Range) 

Study Outcomes 

ASMs 
Chen et al. 

(2014) 
N = 73 

Levetiracetam 
(30–60 mg/kg) 

19 mo (6 mo- 
2 yr)a  

• 15 (21%) pts had 
≥ 50% SWI reduction  

• Of 52 pts with seizures, 
22 (42%) had reduced 
seizures; 11 (21%) 
were seizure-free 

Chen et al. 
(2015) 
N = 71 

Levetiracetam 
(30–50 mg/kg) 

3 mo-6.3 yra  • 24 (34%) pts had SWI 
normalization  

• Of 50 pts with seizures, 
25 (50%) were seizure- 
free; 10 (20%) had 
> 50% seizure 
reduction  

• 13 (18%) returned to 
BL cognitive function; 
11 (15%) had > 50% 
improvement  

• Symptomatic etiology, 
longer duration of 
ESES, and younger age 
at ESES onset were 
associated with poor 
response 

Fejerman et al. 
(2012) 
N = 53 

Sulthiame 
(5–30 mg/kg) 

1.5–16 yra  • 15 (28%) pts had 
normalization of EEG  

• 31 (58%) had seizure 
freedom  

• Seizure freedom/ 
reduction was 
associated with 
cognitive improvement 

Kanmaz et al. 
(2021) 
N = 29 

Sulthiame 
(6–17 mg/kg) 

5 mo-4 yra  • 1 (3%) pt had > 50% 
SWI reduction; 6 (21%) 
had EEG normalization  

• Of 19 pts with seizures, 
8 (42%) were seizure- 
free; 4 (21%) had 
> 50% seizure 
reduction  

• 11 (38%) pts had 
cognitive/behavioral 
improvement 

Vrielynck 
et al. (2017) 
N = 21 

Topiramate 
(2–5.5 mg/kg) 

12 moa  • 10 (48%) pts had 
improved sleep EEG 
grade; of these 9 (90%) 
showed cognitive/ 
behavioral 
improvement  

• Of 13 pts with seizures, 
6 (46%) were seizure- 
free, 4 (31%) had 
seizure reduction 

Benzodiazepines 
Francois et al. 

(2014) 
N = 42 

Diazepam 
(0.2–2 mg/kg) 

10 mo-2 yra  • Of 26 pts with 
available SWI data, 18 
(69%) had > 50% SWI 
reduction; 65% 
reduction in mean SWI  

• Of 17 pts with 
difficulties in problem 
solving, 8 (47%) 
improved by study end 

Sanchez 
Fernandez 
et al. 
(2012a) 
N = 29b 

Diazepam 
(1 mg/kg) 

24 hrc  • 15 (52%) pts had 
≥ 50% SWI reduction; 
47% reduction in mean 
SWI 

Sanchez 
Fernandez 
et al. 

Diazepam 
(0.5–1 mg/kg) 

4 wkd/6 mo  • 12 (41%) pts had 
≥ 25% SWI reduction; 
8 (28%) had ≥ 50%  

Table 2 (continued )  

Treatment 
(Dose) 

Treatment/ 
Follow-up, 
Mean (Range) 

Study Outcomes 

(2013b) 
N = 29b 

SWI reduction; 3 (10%) 
had ESES resolution  

• 14 (48%) pts were 
seizure-free  

• 14 (48%) improved in 
language; 11 (38%) in 
cognitive abilities; 4 
(14%) in behavior 

Corticosteroids 
Hempel et al. 

(2019) 
N = 17 

Prednisone 
(2 mg/kg) 

10 mo (1 mo- 
2.3 yr)a  

• Trend towards a 
correlation between 
improvement in 
language/behavior and 
ESES resolution 

Other 
Altunel et al. 

(2017a) 
N = 75 

ACTH 
(0.03–1 mg/kg) 

6–15 d/13 mo  • 59% reduction in mean 
SWI  

• Of 42 pts with seizures, 
seizure frequency was 
reduced by 90%; 24 
(57%) pts were seizure- 
free  

• 67% improvement in 
ADHD symptoms 

Altunel et al. 
(2017b) 
N = 25 

ACTH 
(0.03 mg/kg) 

6–10 d/13 mo  • 51% reduction in 
median SWI  

• Of 10 pts with seizures, 
7 (70%) were seizure- 
free; 3 (30%) had 
reduced seizures  

• Stuttering resolved in 
12 (48%) pts; 72% 
improvement in 
ADHD/ASD symptoms  

• Improvements in 
ADHD/ASD symptoms 
correlated with 
reduced seizures 
(P = 0.004) 

Wilson et al. 
(2018) 
N = 20 

Amantadine 
(3–11 mg/kg) 

11.5 mod (2 mo- 
6 yr)a  

• 47% reduction in 
median SWI  

• Of 16 pts with 
available data, 11 
(69%) had language, 
cognitive, or 
behavioral 
improvement 

ACTH, adrenocorticotropic hormone; ADHD, attention deficit hyperactivity 
disorder; ASD, autism spectrum disorder; ASMs, antiseizure medications; BL, 
baseline; d, day(s); EEG(s), electroencephalogram(s); ESES, electrical status 
epilepticus during slow-wave sleep; hr, hour(s); mo, month(s); pts, patients; 
SWI, spike-wave index; wk, week(s); yr, year(s). 

a Duration of treatment and follow up periods were the same. 
b Sanchez Fernandez 2012a and Sanchez Fernandez 2013b evaluated different 

outcomes (short- vs long-term treatment effects) in the same patient population. 
c Outcomes were assessed 24 h after administering one dose of diazepam 

(1 mg/kg). 
d Median value; mean was not reported. 
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Raha et al., 2012; Sanchez Fernandez et al., 2012a; Sanchez Fernandez 
et al., 2013b; van den Munckhof et al., 2018; Vrielynck et al., 2017). 

3.4. Outcomes assessed 

Just 16 of the 34 studies assessed all 3 main efficacy outcomes of 
interest: SWI/EEG, seizure (in patients with seizures), and cognitive 
outcomes (Altunel et al., 2017a; Altunel et al., 2017b; Arhan et al., 2015; 
Caraballo et al., 2015; Caraballo et al., 2013b; Chen et al., 2015, 2016; 
Fatema et al., 2015; Fejerman et al., 2012; Fortini et al., 2013; Gencpinar 
et al., 2016; Kanmaz et al., 2021; Raha et al., 2012; Sanchez Fernandez 
et al., 2013b; Sonnek et al., 2021; Vrielynck et al., 2017) (Supplemen-
tary Table 7). SWI and/or EEG results were reported in the majority of 
studies; however, the outcomes were reported using a variety of 
different metrics, including percent reduction in median or mean SWI, 
percent of patients with reduction of SWI by a given percentage (e.g., ≥
50% or ≥ 75%), percent of patients with normalization or resolution of 
SWI, ESES, or EEG, and/or percent of patients with EEG improvement or 
EEG abnormalities. In the 23 studies that reported seizure outcomes in 
the patients with seizures (Altunel et al., 2017a; Altunel et al., 2017b; 
Arhan et al., 2015; Cao et al., 2019; Caraballo et al., 2014; Caraballo 
et al., 2013a; Caraballo et al., 2015; Caraballo et al., 2013b; Chen et al., 
2015, 2016; Chen et al., 2014; Fatema et al., 2015; Fejerman et al., 2012; 
Fortini et al., 2013; Gencpinar et al., 2016; Kanmaz et al., 2021; Raha 
et al., 2012; Sanchez Fernandez et al., 2013b; Saraf et al., 2020; Sonnek 
et al., 2021; Vrielynck et al., 2017; Wiwattanadittakul et al., 2020; 
Yilmaz et al., 2014), the results were typically reported as percentages of 
patients with reduced seizure frequency and/or seizure freedom. 

Cognitive outcomes were reported in 28 of the 34 studies (Altunel 
et al., 2017a; Altunel et al., 2017b; Arhan et al., 2015; Bjørnaes et al., 
2013; Cao et al., 2019; Caraballo et al., 2014; Caraballo et al., 2013a; 
Caraballo et al., 2015; Caraballo et al., 2013b; Carvalho et al., 2020; 
Chen et al., 2015, 2016; Degerliyurt et al., 2015; Fatema et al., 2015; 
Fejerman et al., 2012; Fortini et al., 2013; Francois et al., 2014; Gen-
cpinar et al., 2016; Hempel et al., 2019; Kanmaz et al., 2021; Maltoni 
et al., 2016; Raha et al., 2012; Sanchez Fernandez et al., 2013b; Saraf 
et al., 2020; Sonnek et al., 2021; van den Munckhof et al., 2018; Vrie-
lynck et al., 2017; Wilson et al., 2018); however, a wide variety of 
metrics and/or instruments were used (Supplementary Table 7). Of the 
28 studies that reported cognitive outcomes, only 12 used a standard-
ized testing instrument, such as the Wechsler Intelligence Scale, the 
Strengths and Difficulties Questionnaire, and/or the Terman-Merrill 
Scales (Arhan et al., 2015; Bjørnaes et al., 2013; Cao et al., 2019; Car-
aballo et al., 2013a; Caraballo et al., 2015; Caraballo et al., 2013b; 
Degerliyurt et al., 2015; Kanmaz et al., 2021; Maltoni et al., 2016; Raha 
et al., 2012; Saraf et al., 2020; Sonnek et al., 2021). Ten studies relied 
partly or wholly on subjective reports from parents, teachers, and/or 
clinicians of improvements in behavior, school achievement, and/or 
cognitive status (Altunel et al., 2017a; Altunel et al., 2017b; Caraballo 
et al., 2014; Chen et al., 2015, 2016; Francois et al., 2014; Gencpinar 

Table 3 
Summary of Retrospective, Observational Studies With Follow-up Times ≤ 2 
Yearsa.   

Objective Follow-up 
Duration, 
Mean 
(Range) 

Outcomes 

Carvalho 
et al. 
(2020) 
N = 38 

Demonstrate value 
of repeated SWI 
assessments and 
validate wearable 
device in pts with 
D/EE-SWAS 

10.6 mo (5 
mo-2.4 yr)  

• Of 16 pts with available 
data, 14 (88%) had 
reduced SWI; 12 (75%) 
had detectable 
improvement in 
behavior and/or school 
performance 

Fatema et al. 
(2015) 
N = 10 

Describe clinical 
spectrum and EEG 
characteristics in 
pts with D/EE- 
SWAS 

2 wk-1 yr  • 7 (70%) pts had > 50% 
SWI reduction; 1 (10%) 
had normalized SWI  

• 10 (100%) pts had at 
least some seizure/ 
behavioral improvement 

Gencpinar 
et al. 
(2016) 
N = 44 

Describe EEG 
spectrum in pts 
with D/EE-SWAS 

≥ 2 yr  • Of 36 pts with available 
data, 5 (14%) had > 50% 
SWI reduction; 18 (50%) 
had normalized SWI  

• 16 (36%) pts were 
seizure-free, 11 (25%) 
had seizure frequency 
reductions of > 50%  

• Of 22 patients with 
available data, 10 (45%) 
had favorable cognitive 
outcomes 

Gong et al. 
(2018) 
N = 21 

Investigate HFOs in 
pts with D/EE- 
SWAS with 
different etiologies 

NR  • Methylprednisolone 
treatment significantly 
reduced HFOs/spikes 
(P < 0.05 both)  

• Reductions in HFOs/ 
spikes were larger for 
genetic/unknown group 
vs structural group 
(P < 0.05 both) 

Raha et al. 
(2012) 
N = 14 

Assess cognitive 
and behavioral 
problems, EEG 
findings, and 
treatments in pts 
with D/EE-SWAS 

0.5–8 yr  • Of 11 pts treated with 
prednisolone, 5 (45%) 
had reduction of SWI to 
< 50%; 7 (64%) had 
improved seizure/ 
cognitive outcomes 

Saraf et al. 
(2020) 
N = 52 

Analyze EEG, 
seizure, and 
language outcomes 
in pts with D/EE- 
SWAS 

≥ 1 yr  • 13 (25%) pts were 
seizure-free; seizure 
freedom was more likely 
in idiopathic vs symp-
tomatic pts (P = 0.03)  

• 32 (61%) pts had 
language improvement; 
pts with ≥ 3 favorable 
EEG markers had better 
language outcomes 

Sonnek et al. 
(2021) 
N = 95 

Describe clinical 
spectrum, 
etiologies, and 
treatment effects in 
pts with D/EE- 
SWAS or near-D/ 
EE-SWAS 

NR  • Significant EEG 
improvement with 
steroids (P < 0.01) and 
surgery (P < 0.05)  

• 53% and 30% of 
treatments were 
associated with reduced 
seizures and cognitive 
improvement, 
respectively 

van den 
Munckhof 
et al. 
(2018) 
N = 47 

Examine 
association 
between EEG 
improvement and 
cognition in pts 
with D/EE-SWAS 
and cognitive 
deficits 

13.1 mo  • 24% reduction in median 
SWI  

• 45% of treatments 
resulted in cognitive 
improvement  

• Median SWI reductions 
were greater in patients 
with cognitive 
improvement 
(P = 0.002)  

Table 3 (continued )  

Objective Follow-up 
Duration, 
Mean 
(Range) 

Outcomes  

• In 7 pts with available 
data, SWI change was 
correlated with IQ 
change (P = 0.014) 

D/EE-SWAS, developmental and/or epileptic encephalopathy with spike-and- 
wave activation in sleep; EEG(s), electroencephalogram(s); HFOs, high- 
frequency oscillations; IQ, intelligence quotient; mo, month(s); NR, not re-
ported; pts, patients; SWI, spike-wave index; vs, versus; wk, week(s); yr, year(s). 

a Based on mean follow-up time; if mean follow-up was not reported, then 
minimum follow-up time was used. 
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Table 4 
Summary of Retrospective, Observational Studies With Follow-up Times > 2 
Yearsa.   

Objective Follow- 
up, Mean 
(Range) 

Outcomes 

Arhan et al. (2015) 
N = 59 

Evaluate EEG features, 
treatment 
effectiveness, and 
outcomes in pts with 
D/EE-SWAS 

4.5 (1–6) 
yr  

• 18 (31%) pts had 
normalized EEG 
and were seizure- 
free; 32 (54%) 
had > 50% SWI 
and seizure 
reduction  

• Cognitive 
performance 
improved in 
patients with 
> 75% seizure 
reduction  

• Correlation 
between longer 
ESES duration 
and more severe 
cognitive deficits 

Caraballo et al. 
(2013a) N = 66b 

Analyze EEG features, 
treatment, and 
outcomes in pts with 
unilateral PMG 

13.5 
(3–20) yr  

• In 43 pts with D/ 
EE-SWAS; 3 (7%) 
had seizure 
freedom  

• Pts with > 75% 
seizure reduction 
had improved IQ 
and school 
performance 

Caraballo et al. 
(2013b) N = 117 

Analyze EEG features, 
etiology, treatment, 
and prognosis of pts 
with D/EE-SWAS 

2–22 yr  • 91 (78%) pts had 
EEG 
abnormalities; 45 
(38%) were 
seizure-free  

• Pts with > 75% 
seizure reduction 
had improved in 
school 
performance and 
IQ  

• EEG and 
cognitive 
outcomes were 
better in 
idiopathic vs non- 
idiopathic pts 

Caraballo et al. 
(2014) N = 29 

Analyze EEG features, 
etiology, treatment, 
and prognosis of pts 
with LKS 

12 (3–21) 
yr  

• 26 (90%) pts had 
seizure freedom; 
8 (28%) had 
completely 
recovered 
language  

• No correlation 
between 
treatments, 
improved SWI, or 
language/ 
cognitive 
outcomes  

• More severe 
language deficit 
was correlated 
with earlier onset 
and longer 
duration of D/EE- 
SWAS 

Caraballo et al. 
(2015) N = 17 

Analyze EEG 
characteristics, 
etiology, treatment, 
and prognosis of pts 
with D/EE-SWAS and 
unusual EEG features 

7.5 
(2–10) yr  

• 13 (76%) pts had 
EEG 
abnormalities; 3 
(18%) had 
seizure freedom  

• Pts with > 75% 
seizure reduction  

Table 4 (continued )  

Objective Follow- 
up, Mean 
(Range) 

Outcomes 

had improved 
school 
performance and 
IQ  

• Seizure outcomes 
were better in 
idiopathic vs 
structural pts  

• Patients with 
reduced seizures 
or seizure 
freedom had 
improved school 
performance and 
cognitive 
outcomes 

Degerliyurt et al. 
(2015) N = 22 

Evaluate clinical and 
imaging 
characteristics, 
treatment results, and 
prognosis in pts with 
D/EE-SWAS 

3.8 
(0.8–14) 
yr  

• 15 (68%) pts had 
EEG 
improvement  

• Of 15 pts with 
available data, IQ 
declined in 10 
(67%); in 8 pts 
with available 
data, VIQ (but not 
PIQ) was 
significantly 
reduced at follow 
up (P < 0.05) 

Fortini et al. (2013) 
N = 21 

Analyze EEG features, 
etiology, treatment, 
and prognosis of pts 
with hemi-ESES 

8 (2–15) 
yr  

• 3 (14%) pts had 
> 75% SWI and 
seizure reduction; 
8 (38%) had SWI 
and seizure 
normalization  

• Pts with seizure 
freedom or 
> 75% seizure 
reduction 
improved in 
school 
performance and 
IQ  

• More favorable 
outcomes in 
patients with 
unilateral 
polymicrogyria 

Maltoni et al. 
(2016) N = 61 

Identify 
neuropsychological 
variables that predict 
outcomes in pts with 
D/EE-SWAS 

7.3 yr  • Higher SWI 
significantly 
correlated with 
lower IQ 
(P < 0.05), VIQ, 
and PIQ (both 
P < 0.01)  

• Increased 
duration of SWI 
≥ 25 correlated 
with poorer 
cognitive 
outcomes 
(P < 0.0001) 

Wiwattanadittakul 
et al. (2020) 
N = 33 

Assess treatment 
patterns and outcomes 
in pts with SWI ≥ 85% 

33 moc (5 
mo- 
11.9 yr)  

• 21 (64%) pts had 
resolution of 
ESES; 18 (55%) 
were seizure-free  

• Seizure-free pts 
were more likely 
to have ESES 
resolution 
(P = 0.003) 

Yilmaz et al. (2014) 
N = 14 

Examine 
characteristics and 

2–4 yr  • 7 (50%) pts had 
normal EEGs; 12 

(continued on next page) 
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et al., 2016; Hempel et al., 2019; van den Munckhof et al., 2018; Vrie-
lynck et al., 2017), and 6 studies did not define the method of cognitive 
assessment (Carvalho et al., 2020; Fatema et al., 2015; Fejerman et al., 
2012; Fortini et al., 2013; Sanchez Fernandez et al., 2013b; Wilson et al., 
2018). 

3.5. Patient and disease characteristics 

Patient and disease characteristics of the 1293 total patients included 
in the studies are summarized in Supplementary Table 8. Mean patient 
age was reported in 26 studies and ranged from 6.1 to 15 years (Altunel 
et al., 2017a; Altunel et al., 2017b; Arhan et al., 2015; Cao et al., 2019; 
Caraballo et al., 2013a; Caraballo et al., 2015; Caraballo et al., 2013b; 
Carvalho et al., 2020; Chen et al., 2016; Chen et al., 2014; Fatema et al., 
2015; Fortini et al., 2013; Francois et al., 2014; Gencpinar et al., 2016; 
Gong et al., 2018; Hempel et al., 2019; Kanmaz et al., 2021; Larsson 
et al., 2012; Maltoni et al., 2016; Raha et al., 2012; Sanchez Fernandez 
et al., 2012a; Sanchez Fernandez et al., 2013b; van den Munckhof et al., 
2018; Vrielynck et al., 2017; Wilson et al., 2018; Yilmaz et al., 2014). In 
patients who experienced seizures, mean age at seizure onset ranged 
from 2.0 to 6.5 years. Mean age at diagnosis of D/EE-SWAS was reported 
in 17 studies and ranged from 5.4 to 7.8 years (Arhan et al., 2015; Chen 
et al., 2015, 2016; Chen et al., 2014; Degerliyurt et al., 2015; Fortini 
et al., 2013; Hempel et al., 2019; Kanmaz et al., 2021; Maltoni et al., 
2016; Raha et al., 2012; Sanchez Fernandez et al., 2012a; Sanchez 
Fernandez et al., 2013b; Saraf et al., 2020; Sonnek et al., 2021; van den 
Munckhof et al., 2018; Wiwattanadittakul et al., 2020; Yilmaz et al., 
2014). In almost all the studies, the majority of patients were male. In 
the 21 studies that reported D/EE-SWAS etiology, a variety of de-
scriptors were used including symptomatic, idiopathic, cryptogenic, 
genetic, structural/lesional, and unknown (Arhan et al., 2015; Cao et al., 
2019; Caraballo et al., 2013a; Caraballo et al., 2015; Caraballo et al., 
2013b; Chen et al., 2015; Chen et al., 2014; Degerliyurt et al., 2015; 
Fejerman et al., 2012; Fortini et al., 2013; Francois et al., 2014; Gen-
cpinar et al., 2016; Gong et al., 2018; Hempel et al., 2019; Kanmaz et al., 
2021; Saraf et al., 2020; Sonnek et al., 2021; van den Munckhof et al., 
2018; Vrielynck et al., 2017; Wilson et al., 2018; Yilmaz et al., 2014). 
Seizure types were reported in most studies, with the most common 
being focal. Supplementary Table 9 shows the reported comorbidities 
and ASMs. Most studies reported at least some comorbidities, including 
developmental impairment, cognitive impairment, cerebral palsy, 
behavioral disturbances, and attention deficit hyperactivity disorder 
(ADHD). Almost all the publications reported at least some information 
about ASMs; the most common were valproic acid and levetiracetam. 

3.6. Study outcomes 

In the 2 prospective, crossover RCTs of levetiracetam (20–25 mg/ 
kg), the percent reductions from baseline in mean SWI after 12 weeks of 
treatment for levetiracetam versus placebo were 40% versus 17% 
(Bjørnaes et al., 2013) and 44% versus 8% (Larsson et al., 2012). Neither 
of these studies assessed the effects of levetiracetam on seizure fre-
quency and only 1 of the studies (Bjørnaes et al., 2013) evaluated 
cognitive effects (no significant effects were observed for levetiracetam, 
and outcomes in the placebo arm were not reported) (Table 1). In a 
prospective, open-label study evaluating treatment with 3 consecutive 
rounds of methylprednisolone (15 mg/kg for 3 days) plus prednisolone 
(2 mg/kg for 4 days) (Cao et al., 2019), 50% of patients had ≥ 50% 
seizure reduction or were seizure-free after up to 1 year of follow up 
(Table 1). In a prospective, open-label study of dexamethasone 
(0.15 mg/kg) (Chen et al., 2016), 47% of patients had ≥ 50% reduction 
or normalization in SWI, 47% had > 50% reduction in seizures or were 
seizure-free, and 47% had improvement or resolution of cognitive 
and/or behavioral impairment. 

Similarly, the 12 retrospective drug evaluation studies reported some 
improvements in SWI/EEG, seizure, and cognitive outcomes for the 
treatments assessed, including ASMs (levetiracetam [2 studies], sulth-
iame [2 studies], topiramate [1 study]), benzodiazepines (high-dose 
diazepam [3 studies]), corticosteroids (prednisone [1 study]), and other 
treatments (ACTH [2 studies], amantadine [1 study]) (Table 2). In the 
levetiracetam studies, 21% of patients had ≥ 50% SWI reduction after 
up to 2 years of levetiracetam (30–60 mg/kg) (Chen et al., 2014), and 
34% of patients had SWI normalization after up to 6 years of levetir-
acetam (30–50 mg/kg) (Chen et al., 2015). Of patients with seizures, 
63% (Chen et al., 2014) and 70% (Chen et al., 2015) had reduced sei-
zures or were seizure-free. In addition, 1 study (Chen et al., 2015) re-
ported that 34% of patients had improvement or returned to baseline in 
cognitive function. In the 2 studies with sulthiame, 28% patients had 
normalization of EEG after up to 16 years of sulthiame (5–30 mg/kg) 
(Fejerman et al., 2012) and 24% had > 50% reduction or normalization 
of SWI after up to 4 years of sulthiame (6–17 mg/kg) (Kanmaz et al., 
2021); additionally, 58% (Fejerman et al., 2012) and 63% (Kanmaz 
et al., 2021) of patients with seizures had reduced seizures or were 
seizure-free. In 1 of these studies (Kanmaz et al., 2021), 38% of patients 
had cognitive and/or behavioral improvement after sulthiame treat-
ment. In the single topiramate study (Vrielynck et al., 2017), 48% of 
patients had improved EEG grade after up to 1 year of treatment with 
topiramate (2–5.5 mg/kg), 9 (90%) of whom had cognitive/behavioral 
improvement; in 13 patients with seizures, 10 (77%) had seizure 
reduction or were seizure-free. 

In 3 retrospective studies with high-dose diazepam (0.2–2 mg/kg) 
(Francois et al., 2014; Sanchez Fernandez et al., 2012a; Sanchez Fer-
nandez et al., 2013b), 28–69% of patients had ≥ 50% reduction in SWI, 
with 65% (Francois et al., 2014) and 47% (Sanchez Fernandez et al., 
2012a) reductions from baseline in mean SWI. In 1 of the diazepam 
studies, 8 of 17 patients (47%) with difficulties in problem-solving had 
improvements (Francois et al., 2014). In another study (Sanchez Fer-
nandez et al., 2013b), 48% of patients had improvements in language, 
38% had improvements in cognition, and 14% improved in behavior. In 
the single study with the corticosteroid prednisone (2 mg/kg) (Hempel 
et al., 2019), a trend was observed towards a correlation between 
improvement in language/behavior and ESES resolution. 

In 2 retrospective studies of ACTH (0.3–1 mg/kg) (Altunel et al., 
2017a; Altunel et al., 2017b), SWI was reduced by 59% (Altunel et al., 
2017a) and 51% (Altunel et al., 2017b) after up to 13 months of follow 
up, and 57% (Altunel et al., 2017a) and 70% (Altunel et al., 2017b) of 
patients with seizures were seizure-free. In 1 study (Altunel et al., 
2017a), there was a 67% improvement in ADHD symptoms; in the other 
study (Altunel et al., 2017b), 72% of patients had improvements in 
ADHD symptoms. In a single study of amantadine (3–11 mg/kg) (Wilson 
et al., 2018), there was a 47% reduction from baseline in median SWI 

Table 4 (continued )  

Objective Follow- 
up, Mean 
(Range) 

Outcomes 

treatment outcomes in 
pts with D/EE-SWAS 

(86%) pts were 
seizure-free  

• No correlation 
between ESES 
duration and IQ 
(P > 0.05) 

D/EE-SWAS, developmental and/or epileptic encephalopathy with spike-and- 
wave activation in sleep; EEG(s), electroencephalogram(s); ESES, electrical 
status epilepticus during sleep; IQ, intelligence quotient; LKS, Landau–Kleffner 
syndrome; mo, month; PIQ, performance intelligence quotient; pts, patients; 
PMG, polymicrogyria; SWI, spike wave index; VIQ, verbal intelligence quotient; 
vs, versus; yr, year. 

a Based on mean follow-up; if mean follow-up was not reported, then mini-
mum follow-up time was used. 

b A total of 66 pts were included in the study; 53 had epilepsy and 43 had D/ 
EE-SWAS. 

c Median value; mean was not reported. 
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after up to 6 years of follow up, and 11 of 16 patients with available data 
(69%) had language, cognitive, or behavioral improvement. 

The retrospective, observational studies also reported some im-
provements in their patient populations (Tables 3 and 4); however, as 
previously discussed, the outcomes reported varied widely in the 
studies, and the outcomes assessed were generally not associated with a 
specific drug or therapy, as these studies were not designed to evaluate 
particular treatments. 

Of note, 1 drug evaluation study (Chen et al., 2015) and 3 observa-
tional studies (Arhan et al., 2015; Caraballo et al., 2014; Maltoni et al., 
2016) found that more severe cognitive or language impairment was 
correlated with increased duration of ESES and younger age at onset, 
although 1 small observational study (n = 14) found no correlation 
between ESES duration or age at onset and intelligence quotient (IQ) 
(Yilmaz et al., 2014). In addition, 1 drug evaluation study and 1 
observational study found that EEG improvements were associated with 
improvements in IQ (van den Munckhof et al., 2018) or language and 
behavior (Hempel et al., 2019); another observational study reported 
that patients with at least 3 out of 4 favorable EEG features (i.e., spike 
wave frequency <170 per 100 s, absence of frontal spikes, normal 
background, presence of generalized spikes) had better language out-
comes (Saraf et al., 2020). In contrast, 2 prospective drug evaluation 
studies (Bjørnaes et al., 2013; Cao et al., 2019) and 1 observational study 
(in patients with Landau-Kleffner syndrome [LKS]) (Caraballo et al., 
2014) found no correlation between improved SWI and cognitive 
outcomes. 

Etiological data were reported in 21 studies (Arhan et al., 2015; Cao 
et al., 2019; Caraballo et al., 2013a; Caraballo et al., 2013b; Caraballo 
et al., 2015; Chen et al., 2014; Chen et al., 2015; Degerliyurt et al., 2015; 
Fejerman et al., 2012; Fortini et al., 2013; Francois et al., 2014; Gen-
cpinar et al., 2016; Gong et al., 2018; Hempel et al., 2019; Kanmaz et al., 
2021; Saraf et al., 2020; Sonnek et al., 2021; van den Munckhof et al., 
2018; Vrielynck et al., 2017; Wilson et al., 2018; Yilmaz et al., 2014) 
(Supplementary Table 10). Nineteen of these studies included patients 
with lesional etiologies (also referred to as structural, known, or 
symptomatic) and non-lesional etiologies (also referred to as unknown, 
idiopathic, or cryptogenic); the other 2 studies only included patients 
with structural/symptomatic etiology. Among 11 studies that reported 
outcomes by etiology, 10 showed more favorable outcomes in patients 
with non-lesional etiology and 1 favored those with lesional etiology. 

Finally, a correlation between seizure control and improvements in 
cognitive outcomes was observed in a number of the studies (Altunel 
et al., 2017b; Arhan et al., 2015; Cao et al., 2019; Caraballo et al., 2013a; 
Caraballo et al., 2015; Caraballo et al., 2013b; Fejerman et al., 2012; 
Fortini et al., 2013). For example, in 1 observational study of 59 patients 
with D/EE-SWAS, patients with a > 75% reduction in seizure frequency 
had significantly improved cognitive outcomes on the Wechsler Intelli-
gence Scale for Children-Revised, Stanford-Binet Intelligence Scale, 
and/or subjective teacher/caregiver reports at last follow-up (mean 
follow-up, 4.5 years; range, 1–6 years) (Arhan et al., 2015). 

Of the 16 prospective and retrospective studies evaluating a drug 
treatment, 11 reported information on adverse events (Altunel et al., 
2017a; Cao et al., 2019; Chen et al., 2015, 2016; Chen et al., 2014; 
Fejerman et al., 2012; Francois et al., 2014; Kanmaz et al., 2021; San-
chez Fernandez et al., 2012a; Vrielynck et al., 2017; Wilson et al., 2018). 
Overall, the adverse events that were reported were inconsistent from 
study to study; however, there were a few studies in which similar 
adverse events were reported for the same treatment. In 2 prospective, 
open-label studies evaluating corticosteroids (methylprednisolone plus 
prednisolone (Cao et al., 2019) or dexamethasone (Chen et al., 2016)), 
Cushing syndrome was reported in > 70% of patients and hypertension 
in 9% and 29% of patients. In 2 retrospective studies evaluating leve-
tiracetam, 7% and 24% of patients experienced anorexia (Chen et al., 
2015; Chen et al., 2014). In 2 studies with sulthiame, 6% and 14% of 
patients experienced agitated respiration/hyperventilation (Fejerman 
et al., 2012; Kanmaz et al., 2021). Finally, irritability, hyperactivity, or 

agitation were also reported in 2 diazepam studies (Francois et al., 2014; 
Sanchez Fernandez et al., 2012a). Similar to the lack of data on adverse 
events, just 10 reports provided data on the number of, or the reasons 
for, treatment discontinuation (Bjørnaes et al., 2013; Cao et al., 2019; 
Chen et al., 2016; Chen et al., 2014; Kanmaz et al., 2021; Larsson et al., 
2012; Sanchez Fernandez et al., 2012a; Sanchez Fernandez et al., 2013b; 
Vrielynck et al., 2017; Wilson et al., 2018). 

4. Discussion 

The objective of this systematic literature review was to assess cor-
relations between diagnosis, treatment, and outcomes in D/EE-SWAS. 
Our review of the 34 studies that met the criteria for inclusion indi-
cated a lack of standardized study designs, including inclusion criteria 
and trial outcomes. Reduction in SWI (variably defined) and/or seizure 
frequency were the most common outcome measures reported, while 
correlation with improved cognition was variable. Although the prog-
nosis for seizure frequency and severity in patients with D/EE-SWAS 
who experience seizures is generally favorable, long-term cognitive 
deficits make independent living impossible for many patients (Tenney 
and Glauser, 2017). Delays in treatment have been associated with 
poorer outcomes (Altunel et al., 2017a; Arhan et al., 2015; Kramer et al., 
2009; Pera et al., 2013), making early diagnosis and treatment critical. 
However, no clear consensus exists on optimal treatment for children 
with D/EE-SWAS, leaving clinicians to make treatment decisions based 
on anecdotal evidence and their own clinical experience (Sanchez Fer-
nandez et al., 2014; Veggiotti et al., 2016). More high-quality evidence 
from well-controlled studies is necessary for the creation of 
evidence-based treatment guidelines, potentially allowing for earlier 
and more effective interventions. Until such high-quality data are 
available, it is useful to examine the existing literature to evaluate 
possible correlations between diagnosis, treatment, and outcomes in 
D/EE-SWAS. 

In the 34 studies in D/EE-SWAS that we identified in our systematic 
literature review, there was wide variability in the study designs, 
including inclusion criteria and follow-up durations. While all the 
studies required the presence of continuous SWI discharges during slow- 
wave sleep as an inclusion criterion, the SWI thresholds used for inclu-
sion ranged from 15% to 85%. SWI criteria were provided in 31 studies, 
20 of which included patients with SWI ≥ 50% (Cao et al., 2019; Car-
aballo et al., 2015; Carvalho et al., 2020; Chen et al., 2014; Chen et al., 
2015; Chen et al., 2016; Degerliyurt et al., 2015; Fortini et al., 2013; 
Francois et al., 2014; Gencpinar et al., 2016; Gong et al., 2018; Hempel 
et al., 2019; Raha et al., 2012; Sanchez Fernandez et al., 2012a; Sanchez 
Fernandez et al., 2013b; Saraf et al., 2020; van den Munckhof et al., 
2018; Vrielynck et al., 2017; Wiwattanadittakul et al., 2020; Yilmaz 
et al., 2014) (Supplementary Table 6). In addition, the methods of 
calculating and/or defining SWI varied widely, with many studies 
providing little or no detail on how SWI was measured. Additionally, 
only 19 of the 34 studies specified cognitive, functional, or behavioral 
regression for inclusion, and those that did used a variety of different 
metrics for assessment. Finally, the treatment and/or follow-up dura-
tions in the studies varied from 24 h to 16 years. 

Further complicating interpretation of the studies is the inconsis-
tency across studies in the methods for assessing and reporting study 
outcomes. For example, SWI and/or EEG results were reported using a 
range of metrics, including percent reduction in median or mean SWI; 
percent of patients with reduction of SWI by a given percentage (e.g., ≥
50%); percent of patients with normalization or resolution of SWI, ESES, 
or EEG; and/or percent of patients with EEG improvement or EEG ab-
normalities. In addition, of the 28 studies that reported cognitive out-
comes, only 12 used a standardized testing instrument, with the 
remainder either relying on subjective reports from parents, teachers, 
and/or clinicians or not defining the assessment method. This incon-
sistency reflects the lack of a standard cognitive testing battery in D/EE- 
SWAS. Even if a standard battery were to be agreed upon, the conduct of 
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the trial must address test/re-test effects, appropriate duration of follow- 
up for each cognitive assessment, and how changes in concomitant 
medications may have impacted testing. In addition, formal testing is 
time-intensive, not always accessible, and often has restricted insurance 
coverage; thus, cognitive testing is not routinely administered in clinical 
practice (Triplett and Asato, 2015). Moreover, etiology is not consis-
tently assessed and reported in clinical studies, despite being an 
important consideration for treatment and prognosis. These factors are 
also likely barriers to appropriate diagnosis, treatment, and care for 
patients with D/EE-SWAS. Moving forward, consensus regarding some 
basic parameters would improve the broader clinical value of the data 
collected, such as use of consensus guidelines to define the patient 
population (e.g., ILAE); consistent report of etiology of disease; a stan-
dard battery of cognitive assessments for appropriate duration; consis-
tent, data-driven, and consensus-based definitions of biological 
outcomes (e.g., SWI); and additional validated clinical and biomarker 
outcomes. 

Although the interpretation of outcomes is limited by differences in 
study design and reporting of outcomes, some patterns could be dis-
cerned. Of the 16 prospective or retrospective studies that evaluated 
drug treatments (e.g., ASMs, corticosteroids, and high-dose diazepam), 
7 studies reported mean or median reductions in SWI ranging from 40% 
to 65% (Altunel et al., 2017a; Altunel et al., 2017b; Bjørnaes et al., 2013; 
Francois et al., 2014; Larsson et al., 2012; Sanchez Fernandez et al., 
2012a; Wilson et al., 2018). In addition, 7 studies reported ≥ 50% 
reduction in SWI/EEG in 3–69% of patients (Chen et al., 2016; Chen 
et al., 2014; Francois et al., 2014; Kanmaz et al., 2021; Larsson et al., 
2012; Sanchez Fernandez et al., 2012a; Sanchez Fernandez et al., 
2013b), and 5 studies reported that 10–34% of patients had normali-
zation of SWI, EEG, or ESES (Chen et al., 2015, 2016; Fejerman et al., 
2012; Kanmaz et al., 2021; Sanchez Fernandez et al., 2013b). Some 
groups have observed that SWI assessments may be better used as an 
intrapatient measure of change rather than as a fixed threshold across all 
patients (Sanchez Fernandez et al., 2012b). Improvements in seizure 
outcomes were also reported in 10 studies reporting that 47–100% of 
patients with seizures had reductions in seizure frequency and/or 
seizure freedom (Altunel et al., 2017a; Altunel et al., 2017b; Cao et al., 
2019; Chen et al., 2015, 2016; Chen et al., 2014; Fejerman et al., 2012; 
Kanmaz et al., 2021; Sanchez Fernandez et al., 2013b; Vrielynck et al., 
2017). When outcomes were stratified by etiology, the 
idiopathic/non-lesional group generally had a better prognosis than 
those in the lesional group (Arhan et al., 2015; Cao et al., 2019; Car-
aballo et al., 2013a; Caraballo et al., 2015; Chen et al., 2014; Chen et al., 
2015; Fejerman et al., 2012; Francois et al., 2014; Gong et al., 2018; 
Saraf et al., 2020). 

Notably, several studies found that longer duration of ESES and 
younger age at onset were correlated with more severe cognitive and 
language deficits (Arhan et al., 2015; Caraballo et al., 2014; Chen et al., 
2015; Maltoni et al., 2016). One mechanistic hypothesis for the associ-
ation between duration of ESES and cognitive outcomes is that abnormal 
neuronal activity during a critical period of synaptogenesis leads to 
aberrant synapse formation (Arhan et al., 2015). In addition, several 
studies also reported an association between cognitive outcomes and 
reductions in SWI (Hempel et al., 2019; Saraf et al., 2020; van den 
Munckhof et al., 2018) or seizure frequency (Altunel et al., 2017b; 
Arhan et al., 2015; Cao et al., 2019; Caraballo et al., 2013a; Caraballo 
et al., 2015; Caraballo et al., 2013b; Fejerman et al., 2012; Fortini et al., 
2013). In contrast, 3 studies found no association between SWI reduc-
tion and cognitive improvement (Bjørnaes et al., 2013; Cao et al., 2019; 
Caraballo et al., 2014). Given the variation among the studies in inclu-
sion criteria, follow-up duration, and assessment of outcomes, it is 
difficult to interpret these contrasting findings. However, it is worth 
noting that the 3 studies that did not observe correlations between SWI 
reduction and cognitive improvement included fewer than 30 patients; 
thus, the studies may not have been adequately powered to detect 
possible correlations. In addition, 1 of the studies that did not observe a 

correlation had a follow-up period of only 12 weeks (Bjørnaes et al., 
2013), which may not have been long enough to observe possible 
changes in cognitive outcomes. For any study, treatment duration and 
follow-up must be long enough to ensure that between-group differences 
can be expected for primary outcomes, and preferably all tested out-
comes. Another study included patients with LKS, a specific subtype of 
D/EE-SWAS in which regression affects mainly language with auditory 
aphasia (Caraballo et al., 2014); thus, it is possible that the lack of 
correlation between EEG and cognitive improvements might be due to 
differences in this specific patient population. 

Another challenge in synthesizing information from the included 
studies is the retrospective design of all but 4 of the studies. Retro-
spective studies are prone to publication and/or selection biases, as well 
as retrospective bias, where a pattern is discerned that may in actuality 
be random noise (Shafer and Dexter, 2012). Moreover, the patient 
populations in the studies were relatively small, ranging from 10 to 117 
patients. The 2 prospective RCTs included a combined total of only 41 
patients, greatly limiting the ability to interpret or generalize the find-
ings (Bjørnaes et al., 2013; Larsson et al., 2012). Aside from these 2 
RCTs, no study included a control group (including a historical control 
group), and no studies specified a primary outcome. For the long-term 
retrospective treatment studies reporting EEG-SWI as an outcome 
measure, these results can be confounded by the decrease of epilepti-
form activity in puberty seen in the natural progression of D/EE-SWAS. 
Finally, interpretation of retrospective studies is complicated by het-
erogeneous endpoints that do not always proceed in parallel (e.g., 
changes in EEG parameters, seizure counts, cognitive and/or behavioral 
outcomes), polypharmacy that may confound EEG outcomes or cogni-
tive testing, and natural fluctuations in disease course that may be 
difficult to differentiate from treatment effects (particularly in studies 
without a comparator group) (Sanchez Fernandez et al., 2014). 

Our review of the D/EE-SWAS literature reveals significant data gaps 
that preclude an evidence-based approach to this complex epilepsy 
indication and highlights the need for high-quality controlled trials with 
fit-for-purpose clinical outcome assessments (COAs) that capture rele-
vant cognitive domains and consistent thresholds and definitions for 
SWI. However, it is worth nothing that advances in D/EE-SWAS research 
may be occurring, as suggested by recent studies. In an ongoing open- 
label extension study (Neurocrine Biosciences NCT05301894) that 
included patients who completed a Phase 2 study (Neurocrine Bio-
sciences NCT04625101), the long-term safety and tolerability of a triple 
T-type calcium channel blocker (NBI-827104) are being evaluated, with 
secondary endpoints evaluating effects on SWI and global improvement. 
In another ongoing study (University Medical Center Utrecht 
ISRCTN42686094), the effects of corticosteroids are being compared 
with clobazam on cognitive function (IQ or development quotient) and 
secondary endpoints including change in SWI. Finally, the effects of 
cannabidiol 10 mg/kg (recommended maintenance dose) on SWI and 
behavior are being evaluated in an ongoing placebo-controlled trial 
(Northwell Health NCT04721691). 

This review had several limitations. First, like all systematic literature 
reviews, this review has the potential for selection bias when choosing 
studies for inclusion. Second, although we identified an abundance of D/ 
EE-SWAS studies during literature searches and many were not consid-
ered to be appropriate for inclusion in our review (e.g., diet studies), it is 
possible that some studies were missed during the screening process. 
Third, the lack of consistent terminology and criteria for D/EE-SWAS may 
have complicated our literature search and confounded some of our in-
terpretations. Fourth, since no specific quality assurance measures were 
required for inclusion and no weighting for quality was performed, there 
is a risk that low-quality studies may have biased our results. Fifth, in the 
absence of unique patient identifiers across studies, it is theoretically 
possible that individual patient data may be represented in more than one 
trial. Finally, as previously discussed, the lack of well-controlled studies 
and variability of inclusion criteria and outcomes assessed in the studies 
limit our ability to draw conclusions. 
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In conclusion, this systematic review of published D/EE-SWAS 
studies has illustrated a lack of high-quality evidence, which makes it 
difficult to fully appraise correlations between treatments, EEG changes, 
and clinical outcomes. Although the current data suggest that the 
evaluated treatment approaches (ASMs, corticosteroids, and benzodi-
azepines) may be associated with varying degrees of efficacy in terms of 
SWI improvement and seizure reduction, cognitive deficits can persist 
after D/EE-SWAS resolves. These long-term cognitive deficits are asso-
ciated with disease duration, suggesting that early intervention with 
more effective medications is needed to optimize long-term outcomes. 
Sufficiently powered, randomized, double-blind, controlled trials with 
standardized methods and predefined primary and secondary outcomes 
are needed. Additionally, adequately designed natural history studies 
with longitudinal follow-up measures are critical to characterize out-
comes in patients with D/EE-SWAS. Even while we acknowledge the 
need for stringent adherence to a global standard for D/EE-SWAS trials, 
we cannot lose sight of the individual patient. The large heterogeneity in 
etiology and presenting symptoms will often necessitate a tailored 
approach to treatment. Just as clinically relevant outcomes are not 
identical for all patients, neither can there be a one-size-fits-all 
treatment. 
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