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ABSTRACT
Koolen-de Vries syndrome (KdVS) is a genetic condition caused by 17q21.31
microdeletions or pathogenic variants in KANSL1. Affected patients most
commonly exhibit some or all of the following: neonatal hypotonia, develop-
mental impairment, facial dysmorphic features, and congenital malformations.
Epilepsy occurs in approximately half, often with phenotypes on the epilepsy-
aphasia spectrum.We describe six children with KdVS found to have continuous
spike-wave in sleep (CSWS) on EEG, four of whomwere diagnosed with epileptic
encephalopathy with CSWS and two with Landau-Kleffner syndrome. When
compared with other children with CSWS on EEG, patients with KdVS may
present at slightly later ages and with a longer interval between seizure diagnosis
and identification of CSWS. There is no clear best treatment for children with
CSWS, but two patients in our cohort were trialed on a variation of the ketogenic
diet, and both reported clinical improvement. In one of the patients, the
response was dramatic, and CSWS recurred when weaning of the ketogenic diet
was attempted. Based on our findings, an EEG capturing a prolonged period of
sleep should be arranged in any child with KdVS presenting with developmental
regression or plateau, particularly if they have a preceding history of seizures.

Key words: Koolen-de Vries syndrome, developmental regression, continuous
spike-wave in sleep (CSWS), sleep EEG, ketogenic diet
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Koolen-de Vries syndrome (KdVS) is a
genetic disorder typically characterized
by neonatal hypotonia, developmental
delay, moderate intellectual disability,
characteristic facial dysmorphic fea-
tures, and congenital malformations
[1, 2]. The syndrome is caused by a
common 17q21.31 microdeletion in
approximately 95% of individuals, with
the remaining 5% having heterozygous
pathogenic variants in KANSL1 (OMIM
612452); the gene encoding KAT8 regu-
latory NSL complex, subunit 1 [3-5].
Approximately half of KdVS patients
have epilepsy [1, 5-7], with the typical
phenotype being childhood-onset focal
epilepsy [8]. A previous epilepsy phe-
notyping study found that seizures

often had prominent autonomic fea-
tures, and that status epilepticus was
common [8]. The same study found that
58% of patients with seizures had
experienced developmental regression
[8]. The findings of the initial KdVS
epilepsy phenotyping study suggested
that many KdVS patients with seizures
have phenotypes falling on the epilep-
sy-aphasia spectrum of disorders [8, 9].
Patients at the severe end of the
epilepsy-aphasia spectrum may have a
specific EEG pattern called continuous
spike-wave in sleep (CSWS). This pat-
tern is seen in two epileptic encepha-
lopathy syndromes: Landau-Kleffner
syndrome (LKS) in which patients have
isolated language regression, and
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epileptic encephalopathy with CSWS in which the
regression is more global. In 2022, the International
League Against Epilepsy (ILAE) Classification Commit-
tee grouped these two syndromes together under the
umbrella term “developmental and/or epileptic en-
cephalopathy with spike-wave activation in sleep”
(DEE-SWAS) [10].
Here, we present the clinical findings in six children
with KdVS, all of whom had developmental regression
and CSWS on EEG, emphasizing the importance of
considering this diagnosis in children with this
genetic condition.

Methods

We identified patients with KdVS and CSWS through a
reviewof our clinical databases, as well as an invitation
made on our behalf through the Koolen-de Vries
Syndrome Foundation social media network. Thor-
ough epilepsy phenotyping was conducted in all
cases, via caregiver interview and review of patient
charts. CSWS diagnosis was based on overnight EEG
recording. There are varying definitions for CSWS;
while many believe spike-wave discharges should
occupy 85% of the sleep record, we incorporated a
more inclusive spike-wave index of 50% [11, 12]. We
also included patients with so-called “focal electrical
status epilepticus in sleep,” even though these
patterns differ from classic diffuse, bilateral CSWS
[13]. However, we also only included patients with a
clear clinical history of developmental regression.
Whenever possible, the actual EEG recording was
reviewed; however, in some situations only a report
was available.When calculating spike-wave index for a
given epoch, we calculated the percentage of one-
second intervals in which there was at least one spike.
We considered the EEG to be significantly improved
when the sleep recording no longer met the above
criteria for CSWS. Epilepsy syndrome diagnosis
was made by the treating epileptologist, guided by
the ILAE-approved website, epilepsydiagnosis.org.
Changes in cognition and language were largely
based on parent or clinician report, though neuro-
psychology reports were reviewed when available.

Results

Six patients were identified, four with the common
17q21.31 deletion and two with frameshift pathogenic
variants in KANSL1 (table 1). In Patient 3, the CSWS
pattern was quite focal (figure 1), but the patient was
included as regression had been documented.
Patients 1-3 had been published previously (Patients
6, 10 and 28, in Myers et al. [8]), though only one had

CSWS identified at that time. The mean age at
identification of CSWS was 7.3 years (range: 6-11
years). Of the six children, five had regression in
learning or cognitive function, while five had at least
clear language regression. Four had clinical presenta-
tion most consistent with classic DEE-SWAS, and the
remaining two the LKS subtype of DEE-SWAS. In all
but one patient, seizure diagnosis significantly pre-
ceded CSWS diagnosis, with intervals ranging from 2
to 8.5 years.
All patients required treatment with multiple anti-
seizure medications. Of these, those that appeared to
show the most consistent benefit were oxcarbaze-
pine, carbamazepine, clobazam and valproic acid.
Two patients (1 and 5) received a variation of the
ketogenic diet (KD); both appeared to derive benefit,
including Patient 5 who had resolution of CSWS with
language and cognitive improvement, but then
experienced a second regression with CSWS recur-
rence when KD weaning was attempted.

Discussion

This case series of six patients with KdVS and CSWS
emphasizes the potential for children with this
genetic condition to develop epilepsy phenotypes
at the severe end of the epilepsy-aphasia spectrum.
There are significant implications for clinical manage-
ment, so it is crucial that clinicians consider an
overnight EEG recording when evaluating children
with KdVS.
When compared against cases of CSWS in general,
children with KdVS and CSWSmay present somewhat
differently. Sonnek et al. recently described a retro-
spective cohort of 95 children with CSWS and found
that the median age of CSWS diagnosis was 5.4 years
with an interquartile range of 3.4-7.5 years, while in
our cohort, the mean age of CSWS diagnosis was 7.3
years [14]. Furthermore, the median interval between
seizure diagnosis and CSWS diagnosis was 1.3 years
(standard deviation: 3.2 years), whereas in our cohort,
the mean seizure-to-CSWS diagnosis interval was 4.5
years. As well, one of our patients had quite focal left
posterior CSWS but, for reasons that remain unclear,
had primarily cognitive regression.
From a treatment perspective, our cohort included
two patients who received KD therapy; both had a
positive response, including one in whom the
response was very dramatic. In contrast, there were
no patients treated with KD in Sonnek et al.’s cohort.
Other authors have studied KD as treatment for CSWS
with inconsistent results; however, efficacy may be
better when combined with corticosteroids [15-17].
Although there have historically been concerns about
the safety of combining corticosteroids and KD, there
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is now a preponderance of evidence indicating that
the combination is safe [16]. Interestingly, carbamaz-
epine/oxcarbazepine were effective in all four
patients in whom they were tried, even though these
agents have been reported to exacerbate CSWS in
some individuals [18]. In general, however, the
treatment trends observed must be interpreted with
caution given the small number of patients in our
cohort.
In summary, patients with KdVS may present with
DEE-SWAS, though the overall incidence in the KdVS
population as a whole remains unknown. Children
with KdVS tend to have CSWS diagnosed at an older
age, and after a greater time interval from seizure
onset, thus an EEG capturing a prolonged period of
sleep should be considered essential in any child with
KdVS who presents with developmental regression or
plateau at any time. From a treatment perspective, no
single therapy is clearly efficacious; however, KD
should be considered early on for drug-resistant
patients. &

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) When compared with other children with CSWS, do children with KdVS tend to be diagnosed with CSWS when
they are older, younger, or the same age?

(2) When comparing children with KdVS to other children with CSWS, how does the interval between seizure onset
and CSWS tend to differ?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.

CSWS in Koolen-de Vries syndrome

Epileptic Disord, Vol. 24, No. 5, October 2022 • 933

https://www.ncbi.nlm.nih.gov/pubmed/?term=22544367
https://www.ncbi.nlm.nih.gov/pubmed/?term=22544367
https://www.ncbi.nlm.nih.gov/pubmed/?term=22544367
https://www.ncbi.nlm.nih.gov/pubmed/?term=22544367
https://www.ncbi.nlm.nih.gov/pubmed/?term=26424144
https://www.ncbi.nlm.nih.gov/pubmed/?term=26424144
https://www.ncbi.nlm.nih.gov/pubmed/?term=26424144
https://www.ncbi.nlm.nih.gov/pubmed/?term=26424144
https://www.ncbi.nlm.nih.gov/pubmed/?term=26424144
https://www.ncbi.nlm.nih.gov/pubmed/?term=19447831
https://www.ncbi.nlm.nih.gov/pubmed/?term=19447831
https://www.ncbi.nlm.nih.gov/pubmed/?term=19447831
https://www.ncbi.nlm.nih.gov/pubmed/?term=19447831
https://www.ncbi.nlm.nih.gov/pubmed/?term=26306646
https://www.ncbi.nlm.nih.gov/pubmed/?term=26306646
https://www.ncbi.nlm.nih.gov/pubmed/?term=26306646
https://www.ncbi.nlm.nih.gov/pubmed/?term=26306646
https://www.ncbi.nlm.nih.gov/pubmed/?term=26306646
https://www.ncbi.nlm.nih.gov/pubmed/?term=28440867
https://www.ncbi.nlm.nih.gov/pubmed/?term=28440867
https://www.ncbi.nlm.nih.gov/pubmed/?term=28440867
https://www.ncbi.nlm.nih.gov/pubmed/?term=28440867
https://www.ncbi.nlm.nih.gov/pubmed/?term=25921602
https://www.ncbi.nlm.nih.gov/pubmed/?term=25921602
https://www.ncbi.nlm.nih.gov/pubmed/?term=25921602
https://www.ncbi.nlm.nih.gov/pubmed/?term=35503717
https://www.ncbi.nlm.nih.gov/pubmed/?term=35503717
https://www.ncbi.nlm.nih.gov/pubmed/?term=35503717
https://www.ncbi.nlm.nih.gov/pubmed/?term=35503717
https://www.ncbi.nlm.nih.gov/pubmed/?term=35503717
https://www.ncbi.nlm.nih.gov/pubmed/?term=23163318
https://www.ncbi.nlm.nih.gov/pubmed/?term=23163318
https://www.ncbi.nlm.nih.gov/pubmed/?term=23163318
https://www.ncbi.nlm.nih.gov/pubmed/?term=23163318
https://www.ncbi.nlm.nih.gov/pubmed/?term=23163318
https://www.ncbi.nlm.nih.gov/pubmed/?term=31162114
https://www.ncbi.nlm.nih.gov/pubmed/?term=31162114
https://www.ncbi.nlm.nih.gov/pubmed/?term=31162114
https://www.ncbi.nlm.nih.gov/pubmed/?term=31162114
https://www.ncbi.nlm.nih.gov/pubmed/?term=33132036
https://www.ncbi.nlm.nih.gov/pubmed/?term=33132036
https://www.ncbi.nlm.nih.gov/pubmed/?term=33132036
https://www.ncbi.nlm.nih.gov/pubmed/?term=33132036
https://www.ncbi.nlm.nih.gov/pubmed/?term=19220407
https://www.ncbi.nlm.nih.gov/pubmed/?term=19220407
https://www.ncbi.nlm.nih.gov/pubmed/?term=19220407
https://www.ncbi.nlm.nih.gov/pubmed/?term=19220407
https://www.ncbi.nlm.nih.gov/pubmed/?term=26057351
https://www.ncbi.nlm.nih.gov/pubmed/?term=26057351
https://www.ncbi.nlm.nih.gov/pubmed/?term=26057351
https://www.ncbi.nlm.nih.gov/pubmed/?term=26057351
https://www.ncbi.nlm.nih.gov/pubmed/?term=25986199
https://www.ncbi.nlm.nih.gov/pubmed/?term=25986199
https://www.ncbi.nlm.nih.gov/pubmed/?term=25986199
https://www.ncbi.nlm.nih.gov/pubmed/?term=25986199
https://www.ncbi.nlm.nih.gov/pubmed/?term=1700953
https://www.ncbi.nlm.nih.gov/pubmed/?term=1700953
https://www.ncbi.nlm.nih.gov/pubmed/?term=1700953

