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Abstract

Background and Objective CDKLS5 deficiency disorder presents as a challenging condition with early-onset refractory sei-
zures, severe developmental delays, and a range of other neurological symptoms. Our study aimed to explore the benefits and
side effects of anti-seizure medications (ASMs) in managing seizures among individuals with CDKLS5 deficiency disorder,
drawing on data from the International CDKLS5 Disorder Database.

Methods Data for this retrospective cohort study were obtained from the International CDKL5 Disorder Database, which
contains responses from a baseline questionnaire administered between 2012 and 2022 and a follow-up questionnaire admin-
istered between 2018 and 2019. Families of eligible individuals were asked to provide information on ASMs that were
previously and currently taken, the dose prescribed, the age at starting the medications, and the age at discontinuation for
past medications. The outcome variables of interest were perceived seizure-related benefits for the current and past use of
ASMs and caregiver-reported side effects. Rescue medications and infrequently used ASMs were excluded from the analysis.
Descriptive statistics were used to summarise the characteristics of the study population.

Results The study included 399 children and adults with CDKLS5 deficiency disorder, descriptively analysing the perceived
benefits and side effects of 23 unique ASMs based on caregiver reports. The study identified levetiracetam, topiramate,
sodium valproate, vigabatrin, phenobarbital and clobazam as the most used ASMs. Notably, cannabidiol showed highly
beneficial outcomes with few side effects, whereas levetiracetam and phenobarbital exhibited less favourable benefit-to-side-
effect ratios. Dual therapy involving sodium valproate and levetiracetam was only used a small number (n = 5) of times but
appeared effective in reducing seizure activity with relatively few side effects. Compared with monotherapy, polytherapy
had a relatively higher likelihood of reported side effects than benefits.

Conclusions The study, leveraging a large sample size that exceeds that of previous research, emphasises the complex nature
of seizure management in CDKLS5 deficiency disorder. Our findings underscore the necessity of ongoing research to optimise
treatment strategies, considering both the efficacy of seizure control and the potential for adverse effects. The study also
points to the need for future investigations into the therapeutic potential of emerging treatments such as ganaxolone and the
unresolved efficacy of cannabis products in seizure management.

1 Introduction serine-threonine protein distributed widely in the body, with
the highest expression in the forebrain [5, 6]. CDD plays an
important role in regulating and maintaining neuronal syn-
apses and developing and forming neurons [6, 7].
Notwithstanding some clinical variability, common fea-

tures of CDD include early-onset refractory seizures (less

CDKL)5 deficiency disorder (CDD) is a rare X-linked epilep-
tic encephalopathy [1]. Based on four cases identified in a
West of Scotland population-based study [2], its birth preva-
lence has been estimated as one in 40,000-60,000 births,

with a male-to-female ratio of between 1:4 [3] and 1:5
[4]. CDD is caused by a pathogenic variant in the CDKL5
gene that encodes for cyclin-dependent kinase-like 5, a

Extended author information available on the last page of the article

than 3 months in 90% of individuals), sometimes associ-
ated with an early ‘honeymoon period’ (often defined as a
temporary cessation of seizures that inevitably returns), as
well as severe global developmental delay and gross motor
impairment [5, 8, 9]. Other features include cortical visual
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The study evaluated the effectiveness of anti-seizure
medication for CDKLS5 deficiency disorder using car-
egiver experiences.

Vigabatrin, sodium valproate and lamotrigine demon-
strated a favourable balance between benefits and side
effects, and the combination of levetiracetam and sodium
valproate also proved effective, although the number of
uses was small.

The complexity of managing seizures in CDKLS5
deficiency disorder underscores the need for ongoing
research into better treatments, including new medica-
tions.

impairment, hypotonia, sleep abnormalities, gastrointestinal
disturbance, and some mild dysmorphic features [1, 3, 5,
10]. The cognitive impairment in CDD is severe and is also
associated with a significant reduction in everyday motor
functioning, with only about a quarter of female individuals
and even fewer male individuals able to walk independently
[11]. Furthermore, only a quarter of female individuals can
communicate using sign or spoken language, and about
one third of female individuals cannot grasp small or large
objects [11]. Recent research has also shown that in addition
to polytherapy, impairment of everyday functional ability is
one of the most significant contributors to reduced quality of
life in children and adults with this condition [12].

The epilepsy syndrome in CDD is severe and often
includes multiple seizure types, the most common being
epileptic spasms (with or without hypsarrhythmia), tonic
seizures, and generalised tonic-clonic seizures [1]. There is
some relationship between CDD variant groups [13] and the
frequency of seizures, with individuals with no functional
CDKLS5 protein being more likely to have frequent seizures
[8]. Reduced seizure frequency has been shown to be asso-
ciated with better functional ability, including independent
walking and expressive communication [8]. Treatment of
seizures in CDKLS deficiency disorder is complex, gener-
ally requiring multiple therapeutic agents, which often have
a short and temporary period of efficacy before a return to
baseline of rebound seizure activity [8, 14, 15].

Data from the International CDKL5 Disorder Database
(ICDD) identified a mean seizure rate of two per day among
individuals with CDD, while 15% experienced more than
five daily seizures [8]. In addition to this high frequency of
seizure activity, epilepsy is highly refractory, with fewer than
half of caregivers reporting a seizure-free period of 2 months
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or more [8]. A 2022 Delphi study found a lack of consen-
sus among clinicians on first-line and second-line treatment
options for CDD [16]. While there is some evidence to sug-
gest a link between improved seizure control and functional
ability, some anti-seizure medications (ASMs) can worsen
seizure activity [17], and the adverse effects of polytherapy
in CDD may negatively impact the quality of life to a similar
extent as lack of seizure control [12].

It is, therefore, essential to establish the efficacy of differ-
ent ASM treatments to minimise seizure activity as well as
reduce the psychological and physiological burden associ-
ated with frequent medication adjustments and changes for
individuals with CDD taking multiple therapeutic agents.
A recent US-based study that explored ASM use in indi-
viduals with CDD collated data on which medications were
most helpful for seizure control [14]. The overall results of
this study demonstrated poor response to treatment, which
ranged from a 5 to a 36% reduction in frequency for most
medications at 3 months [14]. The study also identified that
levetiracetam was the most used ASM. Medications most
helpful for seizure control were available for 41 individuals
and included cannabis-derived medications (36%), clobazam
(36%), prednisone/prednisolone (33%), lamotrigine (33%),
adrenocorticotropic hormone [ACTH] (29%), valproate
(18%), topiramate (17%) and vigabatrin (14%). A subse-
quent review evaluated the limited available literature world-
wide on seizure management [15]. Except for the US study,
which included 168 individuals but with seizure response
data only available for 86 [14], most studies were relatively
small (< 50 patients) case series [17—19]. The review rein-
forced the need to consider the possible harmful effects of
polytherapy [15], which may occur in the course of efforts to
control seizures and include the quality of life as an equally
important outcome [12].

Ongoing recruitment to the ICDD, which includes the
ASM history of individuals with CDD, has resulted in a
much larger dataset [20] than the previously published series
[15]. We aim to describe both the perceived benefits of
ASMs in reducing seizure activity as well as the frequency
of side effects of individual and combination therapies as
reported by caregivers of individuals with CDD.

2 Methods
2.1 Data Source and Study Population

Data required for the study, including information related
to the usage of ASMs, were obtained from the ICDD,
which contained responses from the baseline question-
naire administered between 2012 and 2022 and a follow-up
questionnaire administered between 2018 and 2019. This
retrospective cohort study included 399 individuals with a
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pathogenic or likely pathogenic CDKL5 variant who have
used any ASM.

2.2 Exposure Variables

Families of eligible individuals were asked to provide infor-
mation about the generic/trade name of the ASMs that were
previously and currently taken, the dose prescribed, the age
at starting the medications and the age at discontinuation
for past medications. These data were primarily obtained
from the baseline questionnaire and supplemented, where
available, from information in the follow-up questionnaires
to provide a comprehensive profile of the ASMs used. Diaz-
epam, midazolam and lorazepam were assumed to be used
as rescue medications and were excluded from the analysis.
Infrequently used (i.e. being used less than ten times among
the cohort) medications were also excluded. Oral corticos-
teroids (steroids) and ACTH, a unique treatment regime
that is commonly used for short periods of time for infantile
epileptic spasms, were separately reported in the analysis.

The number of unique ASMs used in the first year of
life was defined as such if the starting age was available.
Lifetime use was defined as the number of unique ASMs
used until the time of the last responded questionnaire. The
duration of use was determined by calculating the difference
between the age at which the medication was commenced
and the age at which it was discontinued for previously used
ASMs. For ASMs currently being used, the duration was
calculated up to the age at questionnaire completion. This
endpoint was selected because it reflects ongoing usage and
represents the most recent data on medication use. Further-
more, for currently used ASMs, to minimise bias related to
records completed at a very young age, results from indi-
viduals aged older than 2 years at the time of questionnaire
completion were reported. However, this restriction did not
apply to steroids/ACTH, as they are typically used for a short
period often under the age of 1 year.

2.3 Outcome Variables

The outcome variables for this study were perceived sei-
zure-related benefits for the current and past use of ASMs
(baseline questionnaire: provided as open text; follow-up
questionnaire: provided using the following categories:
improved, improved temporarily, no effect, worsened, and
unknown) and caregiver-reported side effects provided as
open text in both questionnaires. Data quality was optimised
before analysis by consolidating and encoding open-ended
responses for benefits and side effects into appropriate cat-
egories under the guidance of the principal investigators
(HL and MIJ). The seizure-related benefits for ASMs were
classified into five categories: improved, improved tempo-
rarily, no effect, worsened and unknown. Meanwhile, the

reported side effects of ASM use were coded into distinct
groups: initial sleepiness, fatigue, oversedation, irritability,
insomnia, reduced muscle tone, reduced appetite/weight
loss, constipation, abnormal thermal regulation, Cushingoid
manifestations, weight gain, behavioural change, vomiting,
non-specific gastrointestinal symptoms, eye problems, skin
rash, respiratory problems, oral/dental problems, renal prob-
lems, liver problems, cardiovascular problems, haematologi-
cal manifestations, dependence, dizziness, abnormal hair
loss, other side effects, none, and unknown. Initial sleepi-
ness was defined as temporary drowsiness occurring after
the introduction of the medication, possibly during up-titra-
tion, which subsequently resolved. This was differentiated
from fatigue, which was more persistent, with over-sedation
being a more severe form of fatigue. For gastrointestinal
symptoms, separate coding was used for constipation, vom-
iting and reduced appetite/weight loss. A small number of
caregivers mentioned bloating, reflux, diarrhoea and gen-
eral “gastrointestinal issues”’, which were coded under non-
specific gastrointestinal symptoms due to their infrequency.
Other side effects that did not fit into any specific category
included descriptions such as “very bad”, “affected every
aspect of their life”, “lost control”, “hateful” and “fever”.

The two outcomes (i.e. seizure-related benefits and side
effects) were then dichotomised into three binary variables
for analysis: (1) any seizure-related non-temporary improve-
ment or not (any benefits); (2) any seizure-related worsening
or not (any worsening); and (3) any coded side effects or not
(any side effects). Seizure frequency at the time of question-
naire completion was included to investigate its relationship
with polytherapy, and the variable was classified into four
severity levels: (1) seizure free: seizure free for at least 2
months; (2) mild: weekly or less; (3) moderate, one to four
per day; and (4) severe, at least five per day.

2.4 Statistical Analysis

Descriptive statistics were used to summarise the charac-
teristics of the study population. This included sex, country
of residence, age at last questionnaire completion, year at
last questionnaire completion, variant group, age at seizure
onset and occurrence of any honeymoon period. A single
medication analysis was first conducted to examine the pro-
file of individual ASMs that were ever used, including the
age at first use, the duration of use and the likelihood of
any benefits, worsening or side effects. Next, a polytherapy
analysis examined the profile of ASM combinations at the
time of questionnaire completion. The analysis explored any
benefits, worsening or side effects based on the number of
concurrent ASMs (e.g. dual therapy, triple therapy) and the
most frequently used combinations (e.g. levetiracetam and
topiramate). Spearman’s rank correlation test was used to
examine the association between seizure frequency and the
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number of ASMs concurrently used. Given that some indi-
viduals took the same medication on more than one occa-
sion during their lifetime, the number of uses, instead of the
number of individuals, was reported in selected analyses: (1)
benefits, worsening and side effects (rationale: these events
were reported for each occasion of medication use [e.g., pre-
viously used, currently used]) and (2) the number of con-
current medications used (rationale: the medications were
ascertained from the baseline and/or follow-up question-
naires). For all analyses, missing data were assumed to be
missing at random. Stata version 18 (2003; StataCorp LLC,
College Station, TX, USA) was used for all data analyses.

3 Results

The characteristics of the study cohort are presented in
Table 1. In total, 399 children and adults with CDD were
included in this study, with the majority (83.7%, n = 334)
female and almost half (47.9%, n = 191) residing in the
USA and Canada. Just over a third (35.6%, n = 142) had
a follow-up questionnaire completed in addition to a base-
line questionnaire. When the most recent questionnaire was
completed, nearly two thirds (62.9%, n = 251) of individuals
were between 1 and 9 years of age. The most common vari-
ant type was missense/in-frame variants within the catalytic
domain (31.1%, n =124), followed by truncating variants
between amino acids 172 and 781 (27.6%, n = 110). Over
half (56.9%) of the individuals experienced their first seizure
at <1.5 months of age, and many (58.7%, n = 234) did not
experience a seizure honeymoon period.

3.1 Single Medication Analysis

In the study cohort, the ASMs used included carbamazepine,
cannabidiol, clonazepam, clorazepate, clobazam, ethosux-
imide, felbamate, gabapentin, lacosamide, lamotrigine,
levetiracetam, nitrazepam, oxcarbazepine, perampanel,
phenobarbital, phenytoin, rufinamide, sodium valproate,
steroids/ACTH, sulthiame, topiramate, vigabatrin and zon-
isamide. Levetiracetam was the most used ASM among the
cohort (76.7%, n = 306), followed by topiramate (59.1%, n
= 236) and sodium valproate (58.4%, n = 233) (Table 2).
Vigabatrin (53.6%, n = 214), phenobarbital (49.6%, n = 198)
and clobazam (45.4%, n = 181) were also frequently used.
The least used medications (< 10%) were perampanel, fel-
bamate, ethosuximide, nitrazepam, gabapentin, clorazepate
and sulthiame.

Approximately half (51.9%, n = 207) of the study cohort
took one to three unique ASMs in their first year of life.
Comparatively, a smaller fraction of individuals used four
to five (19.3%, n = 77) or at least six medications (8.5%, n
= 34) (Table 3). In terms of lifetime use, most individuals
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Table 1 Characteristics of the 399 children and adults with CDKL5
deficiency disorder

Characteristic n (%)
Sex
Female 334 (83.7)
Male 65 (16.3)
Country of residence
USA and Canada 191 (47.9)
Western Europe and UK 93 (23.3)
Australia and New Zealand 34 (8.5)
Other® 81 (20.3)
Age at the last questionnaire, years
Less than 1 49 (12.3)
1-3 125 (31.3)
4-9 126 (31.6)
10-15 58 (14.5)
16 or older 41 (10.3)
Year of the last questionnaire
2012-15 66 (16.5)
2016-19 235 (58.9)
2020-22 98 (24.6)
Variant group
No functional protein 93 (23.3)
Missense/in-frame variants within the catalytic domain 124 (31.1)
Truncating variants between aal72 and aa781 110 (27.6)
Truncating variants after aa781 39 (9.8)
Other variants 22 (5.5)
Missing 11 (2.8)
Age at seizure onset, months
Less than or equal to 1.5 227 (56.9)
More than 1.5 165 (41.4)
Missing 7(1.8)
Ever honeymoon period
Yes 157 (39.4)
No 234 (58.7)
Missing 8 (2.0)

n number of individuals

®Argentina, Belarus, Brazil, Bulgaria, Chile, China, Georgia, Hun-
gary, India, Israel, Japan, Kazakhstan, Mexico, Peru, Poland, Roma-
nia, Russia, Saudi Arabia, Turkey, Ukraine, United Arab Emirates

used two to five unique medications early in life (i.e. before
the age of 1 year), and the number gradually increased to six
to eight by adolescence.

The median age at first use and duration of use of the
selected ASMs are shown in Table 4. Phenobarbital was
used the earliest at a median age of 2 months (interquartile
range [IQR] 1-3). Among the most used medications (over
100 uses), levetiracetam (median age: 5 months), clonaz-
epam (median age: 7 months), steroids/ACTH (median
age: 8 months), sodium valproate (median age: 8 months),
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topiramate (median age: 9 months) and vigabatrin (median
age: 9 months) were all used before the child’s first birth-
day. In contrast, lamotrigine, clobazam and rufinamide were
used at 21 (IQR 12-39), 22 (IQR 8-63) and 33 (IQR 20-62)
months of age, respectively. In general, most used medica-
tions with a reported end date (i.e., previously used) were
used for 6 months or less, except for lamotrigine (14 months)
and sodium valproate (13 months).

The likelihood of perceived benefits and side effects asso-
ciated with taking the selected ASMs was investigated, as
shown in Fig. 1 and Table 1 of the Electronic Supplemen-
tary Material (ESM). Cannabidiol was reported to be highly
beneficial (80% of responses reported improved outcomes,
n = 45 out of 56 uses) with few worsening (4%, n = 2 out
of 56 uses) and side effects (13%, n = 9 out of 68 uses)

Table2 Frequency distribution of antiseizure medications used in
399 individuals with CDKLS5 deficiency disorder

Anti-seizure medication® Number of indi- Number of uses® (%d)

viduals (%°)

Levetiracetam 306 (76.7) 347 (13.1)
Topiramate 236 (59.1) 291 (11.0)
Sodium valproate 233 (58.4) 264 (10.0)
Vigabatrin 214 (53.6) 243 (9.2)
Phenobarbital 198 (49.6) 219 (8.3)
Clobazam 181 (45.4) 213 (8.1)
Corticosteroids/ACTH 120 (30.1) 135 (5.1)
Clonazepam 119 (29.8) 135 (5.1)
Lamotrigine 115 (28.8) 132 (5.0)
Zonisamide 95 (23.8) 105 (4.0)
Oxcarbazepine 91 (22.8) 96 (3.6)
Carbamazepine 81 (20.3) 84 (3.2)
Rufinamide 62 (15.5) 70 (2.7)
Cannabidiol 61 (15.3) 69 (2.6)
Lacosamide 42 (10.5) 49 (1.9)
Phenytoin 42 (10.5) 42 (1.6)
Perampanel 30 (7.5) 31 (1.2)
Felbamate 28 (7.0) 31(1.2)
Ethosuximide 21(5.3) 22 (0.8)
Nitrazepam 20 (5.0) 21(0.8)
Gabapentin 16 (4.0) 17 (0.6)
Clorazepate 10 (2.5) 13 (0.5)
Sulthiame 10 (2.5) 10 (0.4)

ACTH adrenocorticotropic hormone

*Diazepam, midazolam and lorazepam, assumed to be rescue medi-
cations, and uncommon (< 10 uses) medications, including methsux-
imide, piracetam, ganaxolone, stiripentol, tiagabine and pregabalin,
were excluded

bPercentage of the total number of individuals (n = 399)

“Number of uses was reported because some individuals took medi-
cation on more than one occasion during their lifetime

dPercentage of the total number of uses (n = 2639)

[the related encoded family provided comments for canna-
bidiol and perampanel are shown in Table 2 of the ESM].
Similarly, vigabatrin, sodium valproate and lamotrigine were
beneficial in more than half of the uses, and fewer than a
third reported side effects. Around a third of the responses
indicated benefits (37%) and side effects (34%) for rufina-
mide. Any worsening of seizures was only reported for small
numbers but included clorazepate (1/8, 13%), oxcarbazepine
(5/59, 8%), lamotrigine (6/89, 7%) and topiramate (9/158,
6%). Despite their widespread use, levetiracetam and phe-
nobarbital had lower likelihoods of benefit (39% and 34%,
respectively). The latter medication, phenobarbital, had a
much higher probability of side effects (52%). The distribu-
tion of individual side effects over 1031 episodes of medi-
cation use is shown in Table 5, and the most reported side
effect “fatigue” (described by families using words such as
“sleepy”, “drowsy”, “lethargic”, “tired” or “dopey”) was
present in almost one third (31.2%) of episodes followed by
irritability (7.6%), behavioural change (6.7%) and reduced
tone (5.3%). Insomnia was reported as a side effect in 3%.

Fatigue was the top reported side effect for individual
medications for 16 of the 23 medications (Table 6). Of
those 16 ASMs, phenobarbital, clonazepam, cannabidiol
and perampanel were those where fatigue was reported in a
relatively high percentage (> 50%) of uses. For the remain-
ing seven ASMs, the top side effects were reduced appetite/
weight loss (topiramate), behavioural change (lamotrigine),
irritability (felbamate), insomnia (clorazepate) and respira-
tory problems (gabapentin and sulthiame). Reduced appe-
tite/weight loss was also reported for rufinamide, phenytoin,
clonazepam and zonisamide and behavioural change for lev-
etiracetam, lacosamide and perampanel. Irritability was also
specifically reported for levetiracetam, zonisamide, lacosa-
mide, ethosuximide and oxcarbazepine, while insomnia was
also reported for lamotrigine.

Steroids/ACTH were prescribed at a median age of 8
months. The median duration of previous use was 2 months
(IQR 14 months) and was shorter than traditional ASMs.
Benefits were reported at 49% and any worsening at 5%.
Side effects were reported for 65%, higher than in any other
ASM. Cushingoid symptoms were the top reported side
effects, followed by irritability and weight gain.

3.2 Polytherapy Analysis

In terms of concurrent medication usage, sodium valproate
was the most used ASM (13.7% of all polytherapy uses, n
= 152), followed by levetiracetam (13.0%, n = 144) and
clobazam (11.7%, n = 130) [Table 3 of the ESM]. Most uses
were related to dual therapy (40%) or triple therapy (31%),
and this did not seem to vary by age (Table 7). Compared
with monotherapy, polytherapy had a higher likelihood of
reported side effects (e.g. 61% for triple therapy versus 29%
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Table 3 Number of unique ASMs used, by age at the last questionnaire in 399 individuals with CDKLS5 deficiency disorder

Age at the last questionnaire, years Overall
<1 1-3 4-9 10-15 > 16
n 49 125 126 58 41 399
Time period/number of n (column %)
ASM
First year of life
None 0 17 (5) 17 (4)
1 10 (20) 62 (18) 72 (18)
2-3 19 (39) 116 (33) 135 (34)
4-5 9 (18) 68 (19) 77 (19)
6 or more 5(10) 29 (8) 34 (9)
Missing 6 (12) 58 (17) 64 (16)
Lifetime®
1 2 (4) 4(3) 2(2) 12 2(5) 11 (3)
2-3 27 (55) 30 (24) 19 (15) 35 4 (10) 83 (21)
4-5 12 (24) 43 (34) 24 (19) 11 (19) 9(22) 99 (25)
6-8 6 (12) 35(28) 50 (40) 23 (40) 14 (34) 128 (32)
9 or more 24 13 (10) 31 (25) 20 (34) 12 (29) 78 (20)

ASM antiseizure medication, n number of individuals

#Up to the age at the last questionnaire

for monotherapy). Benefits were also higher with more
medications, but the differences were relatively small (e.g.
88% for triple therapy as opposed to 77% for monotherapy)
(Table 8). Increased seizure frequency was associated with
more ASM concurrently used (Spearman’s rank correlation
test, P < 0.001). An overview of the likelihood of any side
effects and benefits of selected dual and triple therapies can
be found in Fig. 2 and Table 4 of the ESM. The ASM com-
bination with the largest variance between benefits and side
effects was sodium valproate and levetiracetam (100% [5/5]
vs 40% [2/5]).

4 Discussion

This international study investigated caregiver perspectives
on ASMs used by 399 children and adults with CDD reg-
istered in the ICDD by 2022. The most common of the 23
unique ASMs used were levetiracetam, topiramate, sodium
valproate, vigabatrin, phenobarbital and clobazam. The
median age of first use for medications varied, with pheno-
barbital, levetiracetam and steroids/ACTH being used earli-
est, and lamotrigine and clobazam later. Cannabidiol was
reported as highly beneficial with few side effects, while
vigabatrin, sodium valproate, and lamotrigine were also
beneficial but had some side effects. Polytherapy, such as
sodium valproate and levetiracetam, showed potential for
reduced seizure activity with fewer side effects, though other
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combinations had more frequent side effects. Overall, poly-
therapy was associated with a greater likelihood of reported
side effects and only a slight improvement in benefits com-
pared with monotherapy.

In the face of the refractory epilepsy occurring in CDD,
it is difficult to provide clinicians with clear recommenda-
tions as to what best to prescribe and, as we acknowledge,
prescribing may have to be tailored to the types of epilepsy,
information not available to us in our study. The findings
we report represent a caregiver perspective, but when we
compare side-effect profiles with those identified in the few
meta-analyses in the literature [21-23] our findings are simi-
lar, providing some validity to our results. In an attempt to
present any guidance on the efficacy of different ASMs, we
considered the frequency of use, as well as the likelihood
of benefits, side effects and duration of use. Of those ASMs
commonly used (> 100), valproate and lamotrigine would
appear to be those with the greatest benefits and fewest side
effects with a current duration of use (> 30 months), sug-
gesting good tolerability and acceptance. Topiramate and
levetiracetam were slightly less beneficial although they had
similar durations of use. Of the third-generation ASMs, as
would be expected, both perampanel and lacosamide had
been used by fewer individuals, but perampanel was rated
as particularly beneficial although side effects were more
common. More time and data are probably required for the
assessment of this group of newer ASMs. Caregivers also
rated cannabidiol very highly, but it was not commonly used
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Table 4 Median age at first use and duration of use of anti-seizure medications in 399 individuals with CDKLS5 deficiency disorder (in ascending

order of median age at first use)

Anti-seizure medication n Age at first use, months Duration of use®, months
Previously used® (n = 363) Currently used® (n = 283%

Median (Q1, Q3), n
Phenobarbital 198 2 (1, 3), 159 5(2,11),123 73 (48, 160), 14
Carbamazepine 81 5(2,17),57 4(1,8),41 42 (8, 82), 11
Levetiracetam 306 5(2, 14),225 6 (2, 14), 167 31 (15, 66), 43
Phenytoin 42 5(3,41),23 3(1,5),15 20 (13,35), 4
Oxcarbazepine 91 6 (3, 20), 67 3(1,12), 50 62 (35,93), 10
Clonazepam 119 7 (4,22), 87 6(2,19),57 24 (11, 32), 21
Corticosteroids/ACTH 120 8(5,13),98 2(1,4),88 8(3,19),4
Sodium valproate 233 8 (3,21), 182 13 (6,34), 114 35 (20, 76), 68
Clorazepate 10 9(2,157),3 69 (45,94), 2 -
Sulthiame 10 9(2,21),7 3(1,12),6 -
Topiramate 236 9 (4,22), 169 7(2,15), 115 31 (22, 62), 37
Vigabatrin 214 9 (5, 18), 165 8 (3, 19), 90 24 (7, 49), 55
Nitrazepam 20 17 (7, 39), 14 12 (6,23), 8 47 (25,70), 6
Zonisamide 95 20 (9, 41), 65 3(1, 15), 40 25(11,49), 21
Lamotrigine 115 21 (12, 39),79 14 (6, 41), 40 31(12,78), 34
Clobazam 181 22 (8, 63), 133 6(2,21),82 26 (12, 60), 50
Ethosuximide 21 24 (16,78), 11 3(2,24),9 22 (1,41),3
Cannabidiol 61 26 (10, 54), 46 4(1,14), 18 19 (12, 38), 20
Rufinamide 62 33 (20, 62), 45 6(2,21),34 16 (2, 48), 11
Lacosamide 42 35 (13, 63), 29 6 (1, 20), 20 29 (10, 47),9
Felbamate 28 36 (18, 53), 21 4(4,8),13 41 (13,71), 8
Gabapentin 16 49 (30, 121), 8 4(2,36),7 60 (25,94),2
Perampanel 30 67 (28, 110), 19 3(1,9),5 6(3,9),13

ACTH adrenocorticotropic hormone, n number of individuals, Q1 first quartile, Q3 third quartile

#As medications can be used more than once before the last questionnaire, the duration for previously used ASMs is an aggregate number

®Previously used relative to the time of the last questionnaire, which can be a baseline or a follow-up questionnaire

“Currently used at the time of the last questionnaire, which can be a baseline or a follow-up questionnaire

40nly included individuals aged older than 2 years among the 377 individuals in the currently used group

(n = 61), and there is likely significant variation in the types
of products available, which range from pharmaceutically
produced options such as Epidiolex® in the USA to those
purchased from licensed dispensaries.

This study has many strengths, including the large sam-
ple size provided by the ICDD, which has been collecting
data for over 10 years. Importantly, all individuals have a
pathogenic or likely pathogenic variant, and the benefits and
side effects are provided directly by the caregivers. Another
strength is that our results demonstrate that CDD remains
one of the most medically refractory epilepsies worldwide,
regardless of whether certain ASMs are available in different
countries and throughout different periods. A unique aspect
of our study was reporting the prevalence of side effects, as
presented graphically in our figures, as an important contrib-
uting factor to the acceptability of an ASM. We also reported

on the duration of ASM use. Perhaps surprisingly, phenobar-
bital had been used the longest despite its high side-effect
profile, possibly because it was the first to be used and likely
to be continued because of concerns about withdrawal symp-
toms, including seizure recurrence. The side-effect profiles
we identified were in keeping with a 2014 review suggest-
ing that phenobarbital, valproate and levetiracetam were
particularly likely to aggravate daytime sleepiness [21]. In
contrast, a more recent review focussing on developmental
epileptic encephalopathies [23] reported that the effects of
valproate on sleep were mixed, and evidence was limited by
studies with small sample sizes (n = 20—40) in comparison
to ours (n = 218 who provided side-effect data). Neverthe-
less, the findings of their review with respect to the sedating
effects of ASMs (what we described as fatigue) were very
consistent [23]. Relationships with irritability were a little
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Fig. 1 Likelihood of any seizure-related benefits and any side effects associated with the use of antiseizure medications in 399 individuals with
CDKLS5 deficiency disorder. CI confidence interval (constructed using the Wilson method [36])

less consistent, although for both of the studies, irritabil-
ity was associated with levetiracetam and zonisamide and
insomnia with lamotrigine. It is clear from this recent review
[23] and the one undertaken in 2014 [21] that the relation-
ship between epilepsy, the side effects of ASMs, night-time
sleep disturbances and daytime sleepiness is highly complex
and challenging to unravel. Moreover, we have previously
shown that daytime sleepiness is associated with a poorer
quality of life [24].

Regarding weaknesses, our study lacked information
about which specific seizure type was targeted when an ASM
was commenced. We do know that the most typical types of
seizures at first initiation of treatment were tonic seizures,
followed by epileptic spasms, generalised tonic-clonic sei-
zures and finally focal seizures, and, overall, the most com-
mon seizure types were epileptic spasms, followed by tonic,
myoclonic and then generalised tonic-clonic seizures [1].
Another limitation is that we did not have information about
the exact seizure frequency before introducing a new medi-
cation and the subsequent change in frequency other than
the caregiver’s assessment of the new medication. Notably,
some but not all caregivers may have referred to seizure
diaries to provide their information. While also a benefit,
the multinational nature of this study has the shortcoming
of the data representing the availability of ASMs in different
regions of the world and at different periods, as well as the
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influence of the prescription preferences of different treating
physicians given the absence of treatment guidelines for the
management of seizures in CDD. For example, perampanel
was only US Food and Drug Administration approved for
the management of seizures in 2014, which would account
for the relatively low number of uses. Similarly, cannabidiol
was only approved in 2018, while felbamate has not yet been
approved in Canada. Limited use of ganaxolone in the USA
during the study period prevented us from including this
potentially effective ASM in our analysis [25]. A recently
completed clinical trial has demonstrated that the 28-day
major motor seizure frequency was reduced in those taking
ganaxolone compared with placebo [25]. The latest results
from an open-label extension study of 88 patients showed
reductions at 22-24 months from baseline in major motor
seizure frequency of > 25%, > 50%, > 75% and 100% to
be 66% (33/50), 46% (23/50), 24% (12/50) and 6% (3/50),
respectively [26]. After including those for which medica-
tion was not continued (n = 38) for various reasons, includ-
ing a lack of efficacy, withdrawal by caregivers and adverse
events, the corresponding percentages were 38%, 26%,
16% and 3%, respectively. With the increasing availability
of ganaxolone in the USA and elsewhere, subsequent to its
being the first US Food and Drug Administration-approved
ASM for CDD, it will be important to continue monitoring
its ongoing use through the ICDD.
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Table5 Frequency distribution of side effects associated with the
use of anti-seizure medications in 399 individuals with CDKLS5 defi-
ciency disorder

Side effect n (%)
Fatigue 322 (31.2)
Irritability 78 (7.6)
Behavioural change 69 (6.7)
Reduced tone 55(5.3)
Reduced appetite and/or weight loss 54 (5.2)
Oversedation 48 (4.7)
Non-specific GI symptoms® 38(3.7)
Other side effects® 38 (3.7)
Initial sleepiness 36 (3.5)
Cushingoid 33(3.2)
Insomnia 31 (3.0)
Oral problems 29 (2.8)
Eye problems 26 (2.5)
Renal problems 24 (2.3)
Vomiting 22 (2.1)
Skin rash 21 (2.0)
Dizziness 16 (1.6)
Abnormal thermal regulation 15 (1.5)
Weight gain 15 (1.5)
Constipation 14 (1.4)
Abnormal hair growth or loss 14 (1.4)
Abnormal bloods 12 (1.2)
Respiratory problems 8 (0.8)
Liver problems 6 (0.6)
CVS problems 4(0.4)
Dependence 3(0.3)
Total 1031 (100)

CVS cardiovascular system, GI gastrointestinal, n» number of uses

#Non-specific GI symptoms encompass infrequent issues such as
bloating, reflux, diarrhoea, and general “gastrointestinal problems”

Other side effects encompass symptoms that did not fit into any
specific category and were described with terms such as “very bad”,
“affected every aspect of their life”, “lost control”, “hateful” and
“fever”

Few other studies have investigated responses to specific
ASMs, and the case numbers have been generally small. In
2012, a group from the Mayo Clinic reported a reduction
in seizure frequency in six patients with CDD treated with
topiramate, vigabatrin and a ketogenic diet [27]. A second
study from Germany with aggregated individual responses
from 39 patients showed that a small number of commonly
prescribed medications (felbamate, vigabatrin, clobazam
and valproate) initially reduced seizure frequency by 50% or
more [17]. However, this improvement was generally unsus-
tained. In our much larger study, vigabatrin and sodium
valproate were ASMs that appeared to provide a more per-
manent benefit, but the benefit-to-side-effect ratio was less

favourable for felbamate and clobazam. In a Georgian case
series (n = 8), five patients with CDD responded positively
to a combination of vigabatrin and zonisamide, providing
the best outcome in reducing seizure frequency [28]. We
were unable to report the latter combination because of
insufficient cases. However, we found that zonisamide and
levetiracetam provided reasonable seizure control but with
side effects. After the Georgian case series, a Spanish study
reported a reduction in seizure frequency of more than 50%
among six of the 19 patients with CDD treated with sodium
channel blockers, of which the most frequent were oxcarbaz-
epine, carbamazepine and lacosamide [29]. In the German-
based study, seizures were aggravated by carbamazepine in
four patients, although one patient had a long period of sei-
zure freedom [17]. Although lacosamide appeared relatively
beneficial in our study, oxcarbazepine and carbamazepine
appeared less so. Thus, there are contraindicatory data on
whether sodium channel blockade ASMs are beneficial or
detrimental for seizure control, also considering oxcarbaz-
epine is primarily of value for focal seizures.

In the most recent US study (n = 168), information on a
2-week response to medications was available for 86 patients
[14]. Similar to our observations, levetiracetam, topira-
mate, clobazam, and phenobarbital were frequently used,
as were vigabatrin and sodium valproate. In both studies,
the responses to these two latter medications were fair to
good, as was the response to lamotrigine. In contrast, the
response to levetiracetam, as in our study, was considerably
poorer. This may be of concern given that levetiracetam was
the most frequently used ASM in both studies. In a recently
published US study, the response of epileptic spasms to first-
line treatments (ACTH, oral corticosteroids and vigabatrin)
was 26% at 14 days and sustained response only 4% at 3
months, both significantly worse compared with individuals
with spasms of other aetiology from the National Infantile
Spasms Consortium [30]. However, in our study, despite
apparent benefits from steroids/ACTH, there was a high
prevalence of reported side effects. The side-effect profile
we saw, predominantly Cushingoid features and obesity, was
very similar to that found in a systematic review of the use
of steroids/ACTH in epilepsies other than infantile spasms
where there was an overall 50% reduction in seizures but
which tended not to be universally sustained [31]. Both
ours and the earlier US study [14] reported on responses
to cannabis derivatives, but in our study, we were unable to
separate CBD only (Epidiolex®) from other cannabis deriva-
tives. The 2-week response in the US study was 29%, but it
was rated highly beneficial in our study with the least side
effects. This was consistent with results from our previous
study on the use of medical cannabis in CDD, where, despite
favourable reporting, we were unable to identify any definite
improvement in seizure frequency [32]. It is gratifying to
see the similarities between the findings in our and the US
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Table 6 Top three reported side effects associated with the use of antiseizure medications in 399 individuals with CDKLS5 deficiency disorder

Anti-seizure medication n

First condition (%)

Second condition (%)

Third condition (%)

Clobazam
Levetiracetam
Phenobarbital
Corticosteroids/ACTH
Topiramate

Sodium valproate
Vigabatrin
Clonazepam
Zonisamide
Lamotrigine
Rufinamide
Oxcarbazepine
Lacosamide
Carbamazepine
Phenytoin
Felbamate
Perampanel
Cannabidiol
Ethosuximide
Nitrazepam
Clorazepate
Gabapentin

Sulthiame

119
116
113
111
111

96
91
54
39
33
25
21
20
18
14
13
12
10

_ =N

Fatigue (42)
Fatigue (35)
Fatigue (57)
Cushingoid (30)

Reduced appetite and/or
weight loss (23)

Fatigue (27)
Fatigue (25)
Fatigue (52)
Fatigue (28)
Behavioural change (18)
Fatigue (20)
Fatigue (33)
Fatigue (35)
Fatigue (39)
Fatigue (21)
Irritability (23)
Fatigue (50)
Fatigue (50)
Fatigue (33)
Fatigue (40)

Insomnia (50)

Reduced tone (11)
Irritability (18)
Oversedation (12)
Irritability (11)
Fatigue (21)

Abnormal hair growth or loss (10)

Eye problems (20)

Reduced tone (15)

Irritability (15)

Fatigue (15)

Reduced appetite and/or weight loss (16)
Renal problems (14)

Irritability (20)

Oversedation (11)

Reduced appetite and/or weight loss (14)
Non-specific GI symptoms® (23)

Initial sleepiness (17)

Vomiting (20)

Irritability (17)

Initial sleepiness (20)

Other side effects® (50)

Respiratory problems (100) —

Respiratory problems (100) —

Oral problems (11)
Behavioural change (16)
Reduced tone (6)
Weight gain (11)

Renal problems (9)

Abnormal bloods (9)

Reduced tone (12)

Reduced appetite and/or weight loss (9)
Reduced appetite and/or weight loss (13)
Insomnia (15)

Vomiting (12)

Irritability (10)

Behavioural change (10)

Vomiting (11)

Eye problems (14)

Fatigue (15)

Behavioural change (17)

Initial sleepiness (10)

Constipation (17)

Oversedation (20)

ACTH adrenocorticotropic hormone, GI gastrointestinal, n number of uses

“Non-specific GI symptoms encompass infrequent issues such as bloating, reflux, diarrhoea and general “gastrointestinal problems”

®Other side effects encompass symptoms that did not fit into any specific category and were described with terms such as “very bad”, “affected
every aspect of their life”, “lost control”, “hateful” and “fever”

Table 7 Frequency distribution of concurrent ASMs currently used?, by age at questionnaire, in 379 individuals with CDKLS5 deficiency disorder

Age at questionnaire, years Overall
<1 1-3 4-9 10-15 >16
n 50 146 168 84 61 509
Number of concurrent n (column %)
ASMs
1, monotherapy 7 (14) 27 (18) 34 (20) 13 (15) 14 (23) 95 (19)
2 20 (40) 59 (40) 70 (42) 36 (43) 18 (30) 203 (40)
3 20 (40) 41 (28) 48 (29) 26 (31) 21 (34) 156 (31)
4 2(4) 14 (10) 13 (8) 7 (8) 7 (11) 43 (8)
5 0 2 (1) 3(2) 2(2) 12 8(2)
6 0 3(2) 0 0 0 3(1)
7 1(2) 0 0 0 0 1(0.3)

ASM anti-seizure medication, n number of uses

#Currently used at the time of the baseline and/or the follow-up questionnaire
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Table 8 Likelihood of any seizure-related benefits and worsening and any side effects associated with concurrent ASMs currently used® in 379
individuals with CDKLS5 deficiency disorder

Number of con- n Any benefits Any worsening  Any side effects n Seizure frequency®
current ASMs - -
Seizure free  Mild Moderate  Severe P value®
%, Number of events/n n (%)
1, monotherapy 95  77,55/71 0, 0/71 29, 26/89 81 8 (10) 34(42) 27(33) 12 (15) < 0.001
2 203 85,124/146  2,3/146 54, 100/184 190 11 (6) 56(29) 7942 44 (23)
3 156 88, 82/93 1,1/93 61,90/148 149 6@4) 37 (25) 61(41) 45 (30)
4 or more 55 81,22/27 4,1/27 57,26/46 52 1(2) 5(10) 22 (42) 24 (46)
Overall 509 83,283/337 1,5/337 52,242/467 472 26 (6) 132 (28) 189 (40) 125 (26)

ASM anti-seizure medication, n number of uses
“Currently used at the time of the baseline and/or the follow-up questionnaire

Seizure frequency: seizure free, seizure free for at least 2 months; mild, weekly or less; moderate, one to four per day; severe, at least five per
day

P value was determined using the Spearman’s rank correlation test
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Fig.2 Likelihood of any seizure-related benefits and any side effects naire. CI confidence interval (constructed using the Wilson method
associated with selected* concurrent antiseizure medications cur- [36]), CLB clobazam, CLN clonazepam, LEV levetiracetam, LTG
rently used” in 379 individuals with CDKLS5 deficiency disorder. lamotrigine, OXC oxcarbazepine, TPM topiramate, VGB vigabatrin,
*Limited to dual or triple therapy used by at least four uses; “cur- VPA sodium valproate, ZNS zonisamide
rently used at the time of the baseline and/or the follow-up question-
study despite data in the latter being sourced from physician Unlike the US study [14], our analysis was limited to

chart reviews. Although our study was international and had ~~ ASM therapy, and data on the use of the ketogenic diet and
mostly non-US participants, some US participants may have ~ vagus nerve stimulation were not presented, as we have pre-
also contributed to the published US study [14]. viously published separately on these [33, 34]. However,

we did present data on the number of ASMs currently being
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used, finding that just over 40% were on three or more. This
is of concern given that we had previously found that quality
of life was adversely affected by polytherapy [12]. We also
presented data on the outcomes of different ASM combina-
tions. The combination with the greatest benefit and fewest
side effects appeared to be levetiracetam and sodium val-
proate despite the less favourable findings for levetiracetam
in the single medication analysis. Although the numbers
were necessarily small, we consider this an important
contribution.

5 Conclusions and Future Directions

Findings from our study further contribute to the under-
standing of the refractory nature of epilepsy in CDD and
the poor response to ASMs. However, we have confirmed
that the individual responses to sodium valproate, lamo-
trigine and vigabatrin may be more generally favourable
and that the combination of levetiracetam and sodium
valproate may be suitable for some patients. The increas-
ing availability of ganaxolone in the USA and elsewhere
will now be important to monitor through the ICDD. The
question about the therapeutic effect of cannabis products
for seizures in CDD remains unresolved despite an earlier
open-label trial suggesting a positive benefit [35]. Our
caregiver-reported findings suggest that a further placebo-
controlled trial could be warranted. For individuals with
CDD and their families, identifying the optimal treatment
approaches for seizure control continues to be a high pri-
ority for further research. Our data underscores the unmet
need for the successful management of seizures in CDD
and the reduced efficacy of existing ASMs to reduce the
seizure burden in one of the most refractory epileptic
syndromes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40263-024-01105-z.
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