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Abstract

Objective: We aimed to assess treatment response of infantile-onset epileptic spasms (ES) in 

CDKL5 Deficiency Disorder (CDD) vs. other etiologies.

Methods: We evaluated patients with ES from the CDKL5 Centers of Excellence and the 

National Infantile Spasms Consortium (NISC), with onset from 2 months to 2 years, treated 

with adrenocorticotropic hormone (ACTH), oral corticosteroids, vigabatrin, and/or ketogenic diet. 

We excluded children with Tuberous Sclerosis Complex, Trisomy 21, or unknown etiology with 

normal development because of known differential treatment responses. We compared the two 

cohorts for time to treatment and ES remission at 14 days and 3 months.

Results: We evaluated 59 individuals with CDD (79% female, median ES onset 6 months) and 

232 individuals from the NISC database (46% female, median onset 7 months). In the CDD 

cohort, seizures prior to ES were common (88%), and hypsarrhythmia and its variants was present 
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at ES onset in 34%. Initial treatment with ACTH, oral corticosteroids, or vigabatrin started within 

one month of ES onset in 27/59 (46%) of the CDD cohort and 182/232 (78%) of the NISC cohort 

(p<0.0001). Fourteen-day clinical remission of ES was lower for the CDD group (26%, 7/27) than 

for the NISC cohort (58%, 106/182, p=0.0002). Sustained ES remission at 3 months occurred in 

1/27 (4%) of CDD patients vs. 96/182 (53%) of the NISC cohort (p<0.0001). Comparable results 

were observed with longer lead time (>1 month) or prior treatment. Ketogenic diet, used within 3 

months of ES onset, resulted in ES remission at 1 month, sustained at 3 months, in at least 2/13 

(15%) individuals with CDD.

Significance: Compared to the broad group of infants with ES, children with ES in the setting 

of CDD often experience longer lead time to treatment and respond poorly to standard treatments. 

Development of alternative treatments for ES in CDD is needed.

Keywords

CDD; National Infantile Spasms Consortium; hypsarrhythmia; adrenocorticotropic hormone; 
prednisolone; vigabatrin

Background

CDKL5 Deficiency Disorder (CDD) is an X-linked neurodevelopmental disorder in which 

epilepsy is a prominent feature. Epileptic spasms (ES), typically presenting in infancy, 

are the most common seizure type observed in individuals with CDD, affecting 82% of 

patients, 23% as the initial seizure type.1 Patients with CDD can present with typical clusters 

of ES, but more than a third report sequential seizures, including clusters of ES with 

other seizure types (hypermotor-tonic-spasms, hyperkinetic-spasms, tonic-clonic-spasms, 

and tonic-spasms-myoclonic).1–5

Epilepsy in individuals with CDD is highly refractory, and there are few reports concerning 

response to standard treatment regimens in individuals with CDD-related ES.1, 6 Clinical 

experience and initial data from three CDKL5 Centers of Excellence have suggested that 

response to first-line treatments for ES in individuals with CDD is poor.6 Despite the high 

rate of ES in CDD, the literature on treatment of seizures in CDD thus far is not specific to 

ES.7 Retrospective clinical studies and a family survey suggest limited or short-lived benefit 

from first-line treatments (ACTH, prednisolone, vigabatrin) in Infantile Epileptic Spasms 

Syndrome (IESS).8–11

Disease-specific information on treatment response in IESS is limited. Data from the 

National Infantile Spasms Consortium (NISC) database, consisting of individuals with 

ES with diverse etiologies, reported an overall response rate sustained at 3 months of 

46% after first-line treatment (ACTH, oral corticosteroids, or vigabatrin), irrespective of 

etiology, and 44% at 60 days in an expanded cohort.12, 13 In the NISC study, receiving 

one of the above first-line therapies was the most important determinant of response 

to treatment of ES.12 The International Collaborative Infantile Spasms Study suggested 

better response in patients with no identified etiology compared to those with an identified 

etiology, genetic or otherwise, at presentation.14 Another study evaluating impact of etiology 

on treatment response reported that among patients with non-acquired etiology without 
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recognizable dysmorphisms/syndromes, genetic etiology was associated with an unfavorable 

treatment outcome.15 None of these studies were powered to determine differential treatment 

responses for individual genetic epilepsies.12, 14, 15

In addition to standard therapies for IESS, clinical experience and the literature support use 

of the ketogenic diet for refractory epilepsy in infancy, including ES, particularly for some 

established genetic diagnoses, including CDD.8–11, 16–19

We aimed to evaluate response to first-line IESS treatment regimens in patients with CDD-

related ES, compared to a cohort of patients with ES not related to pathogenic CDKL5 
variants. Because treatment within 1 month of ES onset improves developmental outcomes 

and rate of electroclinical remission in larger studies of ES,12, 14 we separately evaluate 

initial treatment within 1 month compared to initial treatment with longer lead time to 

treatment or response to subsequent medications. In addition, we assessed response to 

ketogenic diet and to other pharmacological treatments in resolution of ES in both cohorts.

Methods

This retrospective observational study was approved by the Boston Children’s Hospital 

Institutional Review Board (IRB). De-identified data were collected with IRB approval 

at the CDKL5 Centers of Excellence (Boston Children’s, Children’s Hospital Colorado, 

Cleveland Clinic, Children’s Hospital of Philadelphia, Washington University, Children’s 

Hospital of Colorado, Baylor College of Medicine/Texas Children’s Hospital, and University 

of California Los Angeles)6 with participating site agreements and/or under the International 

CDKL5 Clinical Research Network protocol approved by the Children’s Hospital Colorado 

IRB.

Inclusion criteria for the CDD cohort included a pathogenic or likely pathogenic CDKL5 
variant. The comparison cohort consisted of individuals without CDD from the NISC 

database, a subset of the multicenter Pediatric Epilepsy Research Consortium dataset.12, 13 

We included patients with ES onset between 2012–2022 (CDD cohort) or 2012–2018 (NISC 

cohort), age of onset 2 months to 2 years, and adequate information to assess response 

to treatment. We excluded from the full NISC cohort (n = 644) individuals who did not 

receive treatment with ACTH, oral corticosteroids, vigabatrin or ketogenic diet; due to 

known differential responses of ES in these disorders, we excluded those with Tuberous 

Sclerosis Complex, Trisomy 21, or with unknown etiology and normal development at 

ES onset.13, 14, 20–23 We additionally excluded those in the NISC cohort with incomplete 

information or inconsistencies in the data on timing of response and those with ES onset at < 

2 months or > 2 years of age.

Data collection and definitions:

Data were collected through standard data collection forms (Supplemental Table 1), review 

of medical records, and directly from families and treating neurologists. Age of seizure 

onset, age of ES onset, and age of treatment were collected in months. Lead time is defined 

from age of ES onset to age of first standard treatment. We evaluated response to the 

following standard treatments (1) hormonal therapy (ACTH or oral corticosteroids), (2) 
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vigabatrin, or (3) combined hormonal/vigabatrin therapy, initiated together. We additionally 

collected information on response to ketogenic diet and other anti-seizure medications. 

Clinical remission was defined as resolution of observable ES. Electroclinical remission 

was defined as resolution of both ES and hypsarrhythmia or modified hypsarrhythmia on 

follow-up EEG (if present on the initial EEG). Clinical and electroclinical remission were 

evaluated at 14 days and 3 months from initiation of each treatment. Late remission was 

defined as clinical or electroclinical remission after 14 days from initiation of treatment 

but before 3 months. Partial response, available only in the CDD cohort, was defined as a 

reduction in the number of ES occurring per day (categorized when possible as ≥50% or 

<50% reduction), or a resolution of identifiable ES but with persistence of hypsarrhythmia.

For the CDD cohort, hypsarrhythmia and modified hypsarrhythmia were based on 

classification/interpretation in EEG reports, and, when available, re-review of original data. 

We additionally scored available EEG studies using the original 2015 BASED (Burden 

of AmplitudeS and Epileptiform Discharges) score (data collection pre-dated the newer 

version).24

Statistical analysis: Data analysis and descriptive statistics were performed using 

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Descriptive statistics were used 

to summarize patient demographic and clinical features. Counts and percentages were 

provided for categorical variables. Medians and interquartile ranges (IQRs) were provided 

for continuous variables. When performing two-group comparisons, Wilcoxon rank-sum 

test was performed for continuous variables, and Pearson chi-square test or Fisher’s exact 

test was used for categorical variables. Individuals with missing values were excluded for 

two-group comparisons.

For the primary analysis we included only those for whom the order of treatment and the 

clinical response were known. Specifically, we evaluated the proportion of individuals in the 

CDD vs. the NISC cohort with clinical remission within 14 days from initiation of treatment 

and whether remission was sustained at 3 months. We report this clinical remission at these 

time-points separately for 1) first medication, lead time within 1 month and 2) subsequent 

medication or lead time >1 month. This includes the standard medications as above, and 

separately describe response to ketogenic diet and other anti-seizure medications. When 

EEG data were available, we also evaluated for electroclinical remission.

Results

A cohort of 59 individuals with CDD (79.3% female) with ES met inclusion criteria and 

were compared to 232 individuals without CDD from the NISC database (45.7% female, 

Figure 1). Median age of ES onset was 6 months (IQR 3, 10 months) in the CDD cohort and 

7 months (IQR 5, 9 months) in the NISC cohort; (p = 0.03) (Table 1).

Etiologies:

The 59 individuals with CDD included 17 with missense variants in the catalytic domain, 32 

truncating variants (nonsense or frameshift), 8 partial gene deletions, and 2 intronic splice-

affecting variants (Supplemental Table 2). NISC cohort etiologies included 88 (37.9%) 
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structural (27 congenital, 61 acquired), 39 (16.8%) genetic, 9 (3.9%) infectious, 7 (3.0%) 

metabolic, 11 (4.7%) other, and 79 (33.6%) unknown (Table 1). The genetic category, when 

specified, included Trisomy 13, chromosomal copy number variants, adenylosuccinate lyase 

deficiency, neurofibromatosis, and STXBP1 and did not include any individuals with known 

CDD.

Epilepsy and associated phenotypes:

In the CDD cohort, 52 (88.1%) had had other seizure types prior to the onset of ES vs. 77 

(33.9%) in the NISC cohort (Table 1). Median age of seizure onset was 5 weeks (IQR 3, 8 

weeks) in the CDD cohort; data on age of onset were not collected for the NISC cohort.

Seizure types prior to ES in the CDD cohort included generalized motor (n=31, 63.3%), 

generalized non-motor (n=6, 13.3%), focal seizures (n=32, 66.7%), and unknown subtype 

(n=6, 13.9%). The most common specific seizure types prior to ES were focal motor (17), 

generalized tonic (n=13), GTC (n=7), and myoclonic (n=5). After ES onset, 44 (83.0%) 

of individuals had other seizure types documented as follows: generalized motor including 

tonic, myoclonic, GTC and atonic (n=41,95.3%), generalized non-motor (n=9, 22.5%), focal 

seizures (n=16, 38.1%), and unknown subtype (n=9, 25.7%).

Hypsarrhythmia or modified hypsarrhythmia was present at the onset of ES in 20/59 

individuals (33.9%) in the CDD cohort compared to 177/ 221 individuals (80.1%) with 

available data in the NISC cohort (p <0.001, Supplemental Table 3). Six of 24 individuals 

in the CDD cohort for whom original EEG data were re-reviewed for classification had a 

BASED score of 4–5 (25.0%).

Developmental regression was documented in 22/52 individuals in the CDD cohort for 

whom data was available (42.3%), including 9 with regression at ES onset, 8 with regression 

not associated with ES, and 5 with timing of regression not specified.

Lead time, the time from ES onset to first-line treatment was within 1 month for 36 (61.0%) 

of the CDD cohort vs. 196 (84.5%) of the NISC cohort (Table 1); when lead time was >1 

month, the median was 6 months (IQR 3, 10) for the CDD cohort vs. 2.2 months (IQR 

1.6, 3.5) for the NISC cohort (p<0.001). Treatment responses are considered separately for 

those with lead time within 1 month compared to those with later treatment or subsequent 

medications.

Treatment regimens, first medication, lead time < 1 month:

Response to standard first-line medication for IESS, initiated within 1 month, was assessed 

in 27/59 (45.8%) individuals in the CDD cohort and 182/232 individuals (78.4%) in 

the NISC cohort (p <0.0001, Figure 1). One additional patient in the CDD cohort was 

started on prednisolone but discontinued treatment due to vomiting. In the CDD cohort, 

7 (25.9%) were treated with ACTH, 13 (48.1%) with prednisolone, and 7 (25.9%) with 

vigabatrin. In the NISC cohort, 103 (56.5%) were treated with ACTH, 52 (28.6%) with 

oral corticosteroids, and 27 (14.8%) with vigabatrin. In addition to the 27 individuals in 

the CDD cohort treated with one of the first-line medications, one patient was treated with 
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a combination of hormonal treatment and vigabatrin (partial response, no remission, not 

included in remission data below).

Clinical and electroclinical remission at 14 days, first medication, lead time < 1 month:

When considering only those treated with ACTH, oral corticosteroids, or vigabatrin, lead 

time less than 1 month, clinical ES remission by 14 days was reported in 25.9% (7/27) 

for all treatments combined in the CDD cohort vs. 58.2% (106/182) in the NISC cohort, 

with an additional 9.9% (18/182) with late clinical ES remission (>14 days) in the NISC 

cohort (Figure 2A, p = 0.0002). Of 7 CDD patients with clinical remission, electroclinical 

remission was confirmed by EEG in 3, no or partial response with EEG data in 2 and 

unknown in 2. In the CDD cohort, clinical ES remission by 14 days was reported in 3/7 with 

vigabatrin and 4/20 with hormonal treatment (p = 0.33). Partial early clinical response to 

treatment was documented in 7 individuals with CDD (2 with ACTH, 3 prednisolone, and 2 

vigabatrin), 3 of whom had documentation of >50% reduction in ES.

CDD cohort post-treatment EEGs, first medication, lead time < 1 month:

Hypsarrhythmia or modified hypsarrhythmia, if present pre-treatment, did not resolve with 

treatment including in 2 of 7 individuals with clinical remission of ES by 14 days (18 of 

27 had both pre- and post- treatment EEG data available). Post-treatment EEGs showed 

hypsarrhythmia or modified hypsarrhythmia in 7 individuals (28.9%), normal in 2 (11.1%) 

and other patterns in 9 (50.0%) (Table S3). Post-treatment BASED scores in the CDD cohort 

were similar to pre-treatment (Table S3).

Clinical remission, sustained at 3 months, first medication, lead time < 1 month:

One of 27 individuals (3.7%) in the CDD cohort had a clinical (and confirmed 

electroclinical) ES remission by 14 days, sustained at 3 months (Fig 2B). This patient was 

treated with vigabatrin within 1 month of ES onset. In contrast, in the NISC cohort 83/106 

individuals had ES remission by 14 days that was sustained at 3 months to any of the three 

treatments (77 with hormonal treatments, 6 vigabatrin), and 13/18 individuals with a late 

ES remission had a sustained remission at 3 months (10 with hormonal treatments, 3 with 

vigabatrin). ES remission was sustained at 3 months in the NISC cohort for 96 individuals 

(52.7%, Figure 2B).

Clinical and electroclinical remission at 14 days, subsequent medication or lead time >1 
month:

When ACTH, prednisolone, or vigabatrin were used after another treatment standard or 

non-standard, e.g. vigabatrin after ACTH) or with a lead time of over 1 month, in the 

CDD cohort the overall clinical remission by 14 days was 22.4% (13/58) and 1 additional 

individual had a late clinical remission with vigabatrin with later relapse at 21 months 

(Figure 3A). These percentages remained lower than those of the NISC comparison 

cohort, in which 46/82 individuals (56.1%) had a clinical ES remission by 14 days and 4 

individuals (4.9%) had a late ES remission, 1 with hormonal treatment and 4 with vigabatrin 

(p<0.0001). Of 29 individuals in the CDD cohort treated with vigabatrin after another 

treatment or with a lead time over 1 month, clinical remission was reported by 14 days in 
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8 and late remission in 1 (31.0% overall). Of 29 individuals in the CDD cohort treated with 

hormonal treatments, 5 (17.2%) had a clinical remission by 14 days (p = 0.12 comparing 

vigabatrin to hormonal treatments in the CDD cohort).

Clinical remission, sustained at 3 months, subsequent medication or lead time >1 month:

Five of 58 individuals (8.6%) in the CDD cohort had a 14-day clinical ES remission 

sustained at 3 months, 4 on vigabatrin and one on ACTH. Forty of 82 individuals in the 

NISC cohort had a 14-day clinical ES remission sustained at 3 months and 2 had late 

response sustained at 3 months (p <0.0001 comparing the CDD to the NISC cohort in 

sustained 3-month response, Figure 3B). Thus, in the overall NISC cohort, 51.2% had a 

sustained ES remission at 3 months, including 16 treated with hormonal treatments and 26 

treated with vigabatrin. EEG patterns after the second and third standard IESS treatments are 

included in Table S3.

ES remission with ketogenic diet:

Overall, ketogenic diet (initiated within 3 months of ES onset) resulted in clinical response 

at 1 month sustained at 3 months in at least 2/13 (15%) individuals in the CDD cohort and 

1/19 (5%) in the NISC cohort. Detailed response data to ketogenic diet—divided into first 

treatment within 3 months of ES onset, treatment for refractory ES within 3 months of ES 

onset, and treatment beyond 3 months of ES onset—are included in Supplemental Figures 

1–3.

Relationship of prior seizures with ES remission (ACTH, oral corticosteroids or vigabatrin 
only):

The clinical remission by 14 days did not vary when there were other seizure types prior 

to ES in the CDD cohort. When considering only the first medication treatment for ES 

regardless of lead time, 8/10 (80.0%) with clinical ES remission by 14 days and 24/28 

(85.7%) without clinical ES remission by 14 days had other seizure types prior to ES (p = 

0.64).

Discussion

In this retrospective study comparing treatment responses of ES in CDD to a comparison 

cohort from the NISC database, we report both longer lead time to treatment in the CDD 

cohort and poorer response to first-line therapy, even among those with a shorter lead time. 

While it has been shown that longer lead times are associated with poorer response to first 

line therapies,14 we found that in CDD patients, the response rates appeared to be similar 

between those with shorter vs longer lead times. We observed a high rate of prior seizures in 

the CDD cohort, 88% vs. 34% for NISC, but a relatively low rate of hypsarrhythmia or its 

variants (34% for CDD vs. 80% for NISC).12 This study is the first to evaluate ES treatment 

response in CDD, and we expand upon differential responses from larger studies of ES of 

diverse etiology, including NISC and the International Collaborative Infantile Spasms Study. 

Despite the limitations of retrospective studies, this approach was necessary and informative 

for this ultra-rare disorder with severe morbidity including related to ES.
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The refractory nature of ES in CDD is consistent with prior literature demonstrating that 

seizures of all types are highly refractory to treatment in CDD.11 Prior literature has 

been limited by not differentiating treatment response to ACTH, oral corticosteroids, and 

vigabatrin in CDD by seizure type. One retrospective study reported greater than 50% 

reduction in seizure frequency (all types) at 3 months in 5/26 individuals (19%) with ACTH 

and in 12/23 individuals (52%) with vigabatrin.10 Vigabatrin is one of the most commonly 

used anti-seizure medications and also included among the most “effective” based on 

variable definitions in three retrospective studies and one caregiver survey.8–11 While the 

data from our study are also retrospective, they were collected using a standardized form 

from the CDKL5 Centers of Excellence with a focus specifically on response of ES to these 

first-line medications at appropriate time intervals as defined in prior studies of IESS.12, 14 

In the CDD cohort, clinical remission by 14 days was slightly higher with vigabatrin than 

ACTH or prednisolone, but the number of CDD patients who were initially treated with 

vigabatrin (7) was small (not significant). Five individuals with CDD treated with vigabatrin 

at any point had a sustained clinical remission at 3 months.

The rare remission of ES to these first-line treatments in CDD raises the questions of 

whether benefit outweighs risks of side effects for the treatments, and whether other 

treatment approaches are warranted. Ketogenic diet was amongst the other treatments 

we evaluated; prior literature supported use of dietary therapy both for IESS of different 

etiologies and more broadly for epilepsy in CDD.8–11, 25–28 A 2018 review of randomized 

controlled trials and observational studies in patients with IESS noted that, within 6 months 

of follow-up, about one-third of patients were ES-free with the ketogenic diet and two-thirds 

had a greater than 50% reduction in ES.28 In the setting of established genetic diagnoses, 

such as pathogenic variants in CDKL5, KCNQ2, SCN2A, STXBP1, clinical experience 

and reports in the literature support use of the ketogenic diet for refractory epilepsy in 

infancy; 8, 11, 16, 17, 26, 29, 30 anecdotal reports from our Centers of Excellence suggest that 

this treatment may prevent or delay ES onset in infants with CDD. None of the data on 

ketogenic diet use in CDD is specific to ES, however, and initiation is often after 1 year 

of age.8–11, 16–19 In this retrospective cohort evaluating the treatment response of ES in 

CDD, firm conclusions regarding the efficacy of the ketogenic diet could not be made as the 

diet was initiated early after ES onset in only a few patients. Thus, future studies may be 

considered to assess efficacy of ketogenic diet in early infancy for the treatment or perhaps 

prevention of IESS in the CDD population.

In broader populations with ES of mixed etiologies, combinations of hormonal 

treatment plus vigabatrin have shown initial benefit but no difference in epilepsy or 

developmental outcomes at 18 months.14, 31, 32 Only one patient with CDD in this report 

received combination therapy with a partial response. While anti-seizure medications 

including valproic acid, clobazam, topiramate, rufinamide, felbamate, and others may 

be considered,33–36 we did not have adequate data to support any specific anti-seizure 

medication for treatment of ES.

Association of ES with hypsarrhythmia at onset has not been a predictor of treatment 

response in prior studies, and did not predict response in our CDD cohort.37 Hypsarrhythmia 

or its variants was present at ES onset in 34% of the CDD cohort in this study. Previous data 
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reported from the CDKL5 Centers of Excellence, overlapping with the currently reported 

cohort, indicate that 47% of patients with spasms in CDD have hypsarrhythmia at some 

point in their disease course.1 We thus infer that some individuals with CDD develop 

hypsarrhythmia over time even if it is not present at the time of ES onset. Consistent with 

the poor rate of clinical remission with treatment for ES, the proportion of patients with 

hypsarrhythmia or modified hypsarrhythmia did not decline with treatment (Table S3). A 

prior study demonstrated treatment bias in that infants with hypsarrhythmia were more 

likely to be treated with standard treatments.37 Thus, lower rates of hypsarrhythmia at ES 

diagnosis may have contributed to the lower rates of use of first-line treatment in the CDD 

cohort.

Longer lead time from symptom onset to initiation of treatment has been negatively 

correlated with treatment response for IESS, not specific to etiology, in prior studies.12, 14 

In this study, we observed longer lead time more often in the CDD cohort compared to the 

comparison cohort, but the rate of clinical remission was poor even in the subset with shorter 

lead time. Sequential seizures with multiple motor or non-motor phases occur frequently 

in CDD.2–5 While this study did not specifically evaluate timing of diagnosis or specific 

seizure patterns, we hypothesize that these seizure patterns with mixed motor phases may 

delay diagnosis and treatment of ES. It is also possible that ES presenting in individuals 

with prior seizures who are thus already on anti-seizure medications are inherently more 

refractory. Prior seizures or prior anti-seizure medications were associated with poorer 

response on univariate but not multivariate analysis in data from the NISC cohort.12, 13 In 

this study, a larger subset of individuals with CDD had prior seizures (87.9%) compared to 

the NISC cohort (33.9%), but prior seizures did not correlate with 14-day clinical response 

to treatment.

In CDD and related genetic epilepsies with high risk of IESS, early diagnosis and treatment 

may improve outcomes; thus, cautious clinical monitoring and anticipatory guidance about 

ES with or without EEG studies to serially screen for ES or hypsarrhythmia may be 

considered. Low rates of hypsarrhythmia and poor interrater reliability in assessing for 

hypsarrhythmia are limiting factors for EEG monitoring.38 Serial EEG and preventative 

treatment with vigabatrin at the onset of epileptiform activity in the EPISTOP study showed 

improved outcomes in Tuberous Sclerosis Complex, including delayed time of seizure onset, 

lower median proportion of days with seizures until age 2 years, and no patients in the 

preventative treatment arm developed ES.39

The retrospective nature of this work resulted in limitation in the precision and completeness 

of data. Data were extracted from medical records, including from outside centers, due 

to CDD being a rare disease.6 Individuals with CDD are often seen at the Centers of 

Excellence for quaternary care rather than for their primary neurology and epilepsy care. For 

this reason, and because of the long duration of the study from 2012–2021, primary EEG 

data were limited. The standard for IESS treatment response is electroclinical remission, but 

we took a pragmatic approach and evaluated clinical remission of ES because EEG data 

were not always available. We focused on data points that were most commonly available 

and on the subset of clinical treatment response for which we knew the timing and order 

of treatment as well as treatment responses. Additionally, data on specific dosing regimens 
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were limited, so we are not able to comment on impact of dose. Prednisolone was more 

often used in the CDD cohort and ACTH in the NISC cohort, but response is comparable.40

In conclusion, we demonstrated that ES in CDD respond poorly to first-line treatment 

(ACTH, prednisolone, or vigabatrin). It is not clear how much of this effect is CDD-specific 

or the result of relatively late recognition of ES in CDD, which more often than with other 

etiologies, does not always present with hypsarrhythmia at onset of ES. Alternate therapies 

are not yet established, although ketogenic diet may be beneficial in select individuals 

in whom first-line treatments are ineffective. Future studies will need to evaluate, ideally 

prospectively, alternate or combination treatment approaches for ES in this population, 

and EEG screening for ES may be considered for more timely diagnosis and initiation of 

treatment. This study expands understanding of ES treatment response in specific genetic 

disorders. While it is difficult to adequately power disease-specific studies, it is possible 

that these observations in CDD may apply to other genetic developmental and epileptic 

encephalopathies. A prospective treatment study may better clarify patterns of treatment 

response by etiology and other factors over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points:

• Lead time to treatment of epileptic spasms (ES) is often prolonged in CDKL5 

Deficiency Disorder (CDD).

• The majority (88% in this report) of patients with epileptic spasms in the 

setting of CDKL5 Deficiency Disorder have other seizure types preceding 

spasms.

• The minority (34% in this report) of patients with epileptic spasms in the 

setting of CDKL5 Deficiency Disorder have hypsarrhythmia on EEG at 

spasms onset.

• Response to first-line therapies for epileptic spasms is poor in patients with 

CDKL5 Deficiency Disorder.
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Figure 1. 
Flowchart of study cohorts and analysis.
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Figure 2. 
Clinical response to standard first-line treatment for epileptic spasms (ES) in CDKL5 

Deficiency Disorder (CDD) and a comparison cohort from the National Infantile Spasms 

Consortium (NISC) when used as the first treatment, within one month of spasms onset. 

Standard treatments included hormonal treatments, adrenocorticotropic hormone (ACTH) 

and oral corticosteroids, and vigabatrin.
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Figure 3. 
Clinical response to standard first-line treatment for epileptic spasms (ES) in CDKL5 

Deficiency Disorder (CDD) and a comparison cohort from the National Infantile Spasms 

Consortium (NISC) when used as after another treatment and/or beyond one month from 

ES onset. Standard treatments included hormonal treatments, adrenocorticotropic hormone 

(ACTH) and oral corticosteroids, and vigabatrin.
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Table 1.

Baseline characteristics of the study populations, including lead time from spasms onset for first-line 

treatment. The CDD cohort consisted of individuals seen at one of five CDKL5 Centers of Excellence in the 

United States with infantile spasms onset between 2012 and 2022. The National Infantile Spasms Consortium 

(NISC) cohort consisted of individual in the NISC database with infantile spasms of variable etiologies, 

enrolled from 2012–2019. This comparison cohort excluded individuals with an etiology known to have a 

differential response to first line IS treatments, specifically Tuberous Sclerosis Complex, Trisomy 21, or 

individuals with unknown etiology who presented with normal development at ES onset, and did not include 

known diagnosis of CDD.

CDD cohort NISC comparison cohort P-value

Total N (% Female) 59 (79.7% Female) 232 (45.7% Female) <0.001

Seizure onset (any type), weeks (median (IQR)) 5 weeks (3, 8) Not available

Other seizure types prior to ES 52 (88.1%) 77 (33.9%), missing in 5 <0.001

ES onset, months (median (IQR)) 6 months (3, 10) 7 months (5, 9) 0.03

Hypsarrhythmia (full or modified) on EEG at ES onset prior to 
treatment?

20 (33.9%) 177 (80.1%) <0.001

Lead time (ES onset to first-line treatment)

 Within 1 month of ES onset, n (%) 36 (61.0%) 196 (84.5%) <0.001

 >1 month, n (%) 18 (30.5%) 14 (6.0%)

 Unknown, n (%) 5 (8.5%) 22 (9.5%)

Duration of follow-up after ES, months (median, (IQR)) 34.0 months (17.8, 53.2) 2.9 months (2.0, 4.1) <0.001

Year of ES onset 2012: 6 (10.2%) 2012: 17 (7.3%) <0.001

2013: 6 (10.2%) 2013: 64 (27.6%)

2014: 4 (6.8%) 2014: 82 (35.3%)

2015: 7 (11.9%) 2015: 31 (13.4%)

2016: 8 (13.6%) 2016: 21 (9.0%)

2017: 6 (10.2%) 2017: 16 (6.9%)

2018: 7 (11.9%) 2018: 1 (0.4%)

2019: 6 (10.2%)

2020: 5 (5.1%)

2021: 3 (5.1%)

2022: 1 (1.7%)

Etiology CDD 58 (100%) Structural 88 (37.9%)

Genetic 39 (16.8%)

Infectious 9 (3.9%)

Metabolic 7 (3.0%)

Other 11 (4.7%)#

Unknown 78 (33.6%)
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*
n=133, missing data for 57%

#
Other includes the following: atrophy, hypoglycemia, trauma, asymmetric ventriculomegaly, and tumor
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