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Our objective was to define the EEG features during sleep of children with neurodevelopmental disorders due to
copy number gains of 15q11-q13 (Dup15q). We retrospectively reviewed continuous EEG recordings of 42
children with Dup15q (mean age: eight years, 32 with idic15), and data collected included background activity,
interictal epileptiform discharges, sleep organization, and ictal activity. Three patterns were recognized:

Pattern 1: Alpha–delta sleep was noted in 14 children (33%), not associated with any clinical changes.
Pattern 2: Electrical status epilepticus in sleep was noted in 15 children (35%), all diagnosed with treatment-
resistant epilepsy. Thirteen of the 15 children had clinical seizures.
Pattern 3: Frequent bursts of high amplitude bifrontal predominant, paroxysmal fast activity (12–15 Hz)
during non-REM sleep was noted in 15 children (35%). All 15 children had treatment-resistant epilepsy.

This is thefirst report of electroencephalographic patterns during sleep of childrenwith Dup15q reporting alpha–
delta rhythms, CSWS, and high amplitude fast frequencies. Alpha–delta rhythms are described in children with
dysautonomia and/or mood disorders and CSWS in children with developmental regression. The significance
of these findings in cognitive function and epilepsy for the children in our cohort needs to be determined with
follow-up studies.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Copy number gains of the 15q11.2-13.1 region (Dup15q) in the
maternal chromosome give rise to a neurodevelopmental disorder
characterized by variable severity of intellectual disability, motor
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delay, autism spectrum disorder (ASD), language impairment, psy-
chosis, and/or epilepsy. The most frequent chromosomal rearrange-
ments are an extra, isodicentric chromosome 15 (idic15) or inverted
duplication 15 and interstitial duplication of 15q11-q13 (int dup15)
[1,2].

Most reports on the epileptic phenotype and electroencephalo-
graphic (EEG) findings relate to idic15. Seizures occur in two-thirds of
these patients: most begin between six months to nine years of age
and are treatment resistant [1,3]. The spectrumof seizure types includes
infantile spasms and generalized tonic–clonic, atonic, tonic, or focal sei-
zures. Electroencephalographic abnormalities include hypsarrhythmia;
focal, multifocal, or/and generalized spikes; and diffuse fast rhythms
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[4–8]. The clinical and EEG findings are often consistent with Lennox–
Gastaut syndrome. There are limited data on the epilepsy phenotypes
in other Dup15 rearrangements, with reports of ‘temporal spikes during
sleep’ or ‘focal epilepsy’ [8,9].

Although childrenwith Dup15q are frequently evaluated in epilepsy
monitoring units, their sleep EEG patterns are not well described. This
study sought to define the EEG features during sleep of a clinic-referred
cohort of children with neurodevelopmental disorders due to copy
number gains of 15q11-q13. This is the largest report detailing the
sleep EEG patterns in this cohort.

2. Material and methods

We retrospectively reviewed records of long term continuous EEG re-
cordings (including at least one night of recording) of children with
Dup15q syndrome admitted in five level four epilepsy monitoring units
(Massachusetts General Hospital, New York University Langone Medical
Center, Minnesota Epilepsy Group-Children's Hospital and Clinics of
Minnesota, Le Bonheur Children's Hospital, Mattel Children's Hospital-
UCLA). All centers have certified specialty clinics for children with
Dup15q. For all thepatients, the genetic diagnosis of neurodevelopmental
disorder due to a copy number gain of 15q11-q13 was confirmed by mi-
croarray or FISH analysis. Electroencephalographic studieswere obtained
to evaluate for possible or definite seizures and were reviewed and
scored manually by five board-certified epileptologists and two sleep
medicine specialists. Data collected included background activity,
interictal epileptiform discharges, sleep organization, and ictal activity.
The standard international 10–20 system electrode placement was used
including bilateral anterior temporal electrodes. Primarily referential
and bipolar montages were used for EEG review, as well as specifically
reformatted arrays when necessary. Videos were reviewed when
available. This study was approved by the institutional review board at
all five sites: Informed consent for the admission and EEG evaluation
was obtained verbally and in writing when the patients presented for
their hospitalization.

3. Results

Forty-two childrenwere included (22males)withmean age of eight
years (range: 0–16 years). Thirty-two children had idic15, and 10 had
Fig. 1. Example of alpha–delta
int dup15. Twenty-eight patients with idic15 and one with int dup15
(29/42, 69%) had epilepsy and were being treated with at least one an-
tiepileptic medication(s) (AED, mean: 2.5 AEDs). All children with epi-
lepsy had moderate to severe intellectual disability, met DSM V
criteria for autism spectrumdisorder, and hadmultiple seizure types in-
cluding generalized tonic–clonic, tonic, atonic, and focal clonic seizures
and myoclonic epileptic spasms. We observed the following three EEG
patterns in the cohort.

Pattern 1 Alpha–delta sleep occurred in 14 children (33%, nine with
idic15) for which the data were available. Alpha–delta sleep
in nonrapid REM sleep was defined as the appearance of
prominent alpha activity (frequency of 8–13 Hz) on delta
waves (frequency of 0.5–2 Hz). The duration of alpha–delta
sleep ranged from 4 to 20 s. At least seven children were on
benzodiazepines during the recordings. There were no clini-
cal changes associated with this pattern (Fig. 1).

Pattern 2 Fifteen children (35%, all with idic15) had electrical status
epilepticus in sleep (ESES). Electrical status epilepticus in
sleep was defined as continuous unilateral or bilateral ep-
ileptiform activity that occupied more than 50% of slow
wave sleep. Thirteen out of the 15 children have clinical
seizures. Ten children had speech and gross motor devel-
opmental regressions in the first four years of life. For the
patients within this group, there was lack of normal sleep
architecture with less distinct transitioning through sleep
states and decreased frequency of sleep spindles and cen-
tral vertex waves of sleep.

Pattern 3 Fifteen (35%, 14with idic15) had frequent bursts of high am-
plitude (up to 450 μV), bifrontal predominant, paroxysmal
fast activity (12–15Hz) during non-REM sleep that disrupted
the sleep architecture. This intermittent beta activity lasted 5
to 60 s and was maximal in frequency and amplitude during
the early sleep; it decreased or dissipated during stage four of
sleep versus stages two and three. This patternwas not stim-
ulus-triggered, and at times, there appeared to be some sub-
tle tonic posturing associated with these events, but this was
not common. This tonic posturing was not determined by
any of the EEG readers to fit the criteria for clinical seizures.
All 15 children had treatment-resistant epilepsy, 10 with
pattern in non-REM sleep.



Fig. 2. Example of bursts of high amplitude, bifrontal predominant, sharp fast activity during non-REM sleep.
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Lennox–Gastaut syndrome, and seven were being treated
with benzodiazepines during the recording (Fig. 2).

4. Discussion

We identified three common sleep patterns in patients with
Dup15q. Alpha–delta sleep is characterized by alpha wave intrusions
(8–13Hz) on deltawaves during non-REM sleep. This occurs in patients
with nonrestorative sleep, chronic fatigue syndrome, fibromyalgia, and
depression [10,11]. These disorders are associated with reduced sleep
efficiency, but alpha–delta sleep is not known to directly decrease
sleep efficiency. The underlying pathophysiology or potential effects of
alpha–delta sleep remain poorly defined.

The epileptic encephalopathy, continuous spikes and waves during
sleep (CSWS), is a clinical syndrome associated with developmental re-
gression, seizures, and an EEG pattern of ESES. It is an age-related condi-
tion in children and adolescents occurring in 0.5% of patients with
epilepsy [12]. The most common presentation of CSWS is a sleep-
related seizure in a child with normal neurocognitive function prior to
CSWS onset [12]. Cognitive regression typically occurs within 2–
3 years (age of onset: 4–7.7 years) [12]. The pathophysiology of CSWS
is poorly understood. Impaired feed-forward inhibition of
thalamocortical neurons may create a pathological reinforcing loop in
an oscillatory corticothalamocortical network [13]. The ILAE criteria do
not specify a minimum percentage value of ESES when diagnosing
CSWS; a range of 50–85% of spike and wave activity occupying non-
REM sleep is commonly used [12].

In our cohort, ESES was seen in 35% of the patients, all diagnosed
with idic15, and at least 66% of them had developmental regression;
86% had a history of seizures. Alpha–delta sleep was seen in 33% of
the patients, including children with int dup15; it was not associated
with any clinical dysfunction. The significance and the specificity of
this pattern remain to be determined. It also occurs in other conditions,
including pain and autoimmune ormood disorders. The high amplitude
paroxysmal fast activity (pattern 3) that disrupted the sleep architec-
ture has not been reported on any other chromosome duplication,
even though it is seen in epilepsy syndromes such as Lennox–Gastaut
syndrome [14]. This pattern appears to be prominent within our
group as well. Thirty-five percent of our patients, all but one diagnosed
with idic15, demonstrated this pattern, and all had epilepsy. Since all
children with this pattern had medically resistant epilepsy, this pattern
may be a biomarker for intractability in this population.

The abnormal sleep patterns we identified likely result from the
excess number of genes coded in the dup15q11-q13 region. This is a
unique portion of the human genome, with many imprinted genes.
Since the phenotype is more severe in children who received the
duplication from the maternal 15, the role of UBE3A and ATP10A may
be especially relevant. Reduced UBE3A function likely contributes to
the pathogenesis of Angelman Syndrome while overexpression likely
contributes to Dup15q. This gene codes for a protein that degrades E3
ubiquitin ligase and regulates intracellular protein levels; it also is a
transcriptional regulator of nuclear steroid hormone receptors. Further,
three GABA receptor genes (GABRB3, GABRA5, GABRG3) are among the
nonimprinted genes and likely contribute to phenotypic features, espe-
cially the fast activity. The epileptic encephalopathy geneGABRB3 likely
contributes to epilepsy in these children [13,15].

Our study was limited by the retrospective data collection that
prevented us from reviewing all sleep EEG records with a standardized
protocol and scoring system or obtaining detailed phenotypic data near
the time the EEG was obtained (e.g., recent clinical regression). We did
not control for the potential effects ofmedication or comorbid disorders
(e.g., mood or ADHD) due to our modest sample size.

5. Conclusion

This is the first report, to our knowledge, on unique sleep EEG pat-
terns in children with Dup15q syndrome. The potential significance of
these findings in cognitive function and epilepsy needs to be deter-
mined with larger follow-up studies.
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