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Objective: Phelan–McDermid Syndrome (PMS) is a rare genetic condition associated with loss of function muta-
tions, including deletions, in the chromosome 22q13 region. This PMS phenotype includes intellectual disability,
often minimal to absent verbal skills, and other neurologic features including autism spectrum disorder and
seizures. Reports indicate seizures and abnormal electroencephalograms (EEGs) in this population, but previous
studies do not describe EEG findings during sleep or prognostic value of abnormal EEG over any time period.
Methods: During a natural history study, 16 consecutively enrolled participants (mean age 10 years) with PMS
underwent both routine (approximately 25min) and overnight (average 9.65 h) video-EEG, in addition to genetic
testing, neurodevelopmental assessment, neurological examination, and epilepsy phenotyping. Over 240 h of
EEG, data was recorded. Comparison of findings from the routine EEG was made with prolonged EEG acquired
during awake and sleep the same night. In a subset of nine participants, the overnight EEG was repeated one or
more years later to observe the natural evolution and prognostic value of any abnormalities noted at baseline.
Results: A history of epilepsy, with multiple seizure types, was confirmed in seven of the 16 participants,
giving a prevalence of 43.8% in this cohort. All but one EEG was abnormal (15 of 16), and 75% (12 of 16) showed
epileptiformactivity. Of these, only 25% of participants (3 of 12) showeddefinitive epileptiform discharges during
the routine study. Overnight EEGs (sleep included) did not show any clinical events consistent with seizures
or electrophic seizures, however, overnight EEG showed either more frequent and/or more definitive epilepti-
form activity in 68.75% (11 of 16) participants. All seven of the 16 participants who had previously been diag-
nosed with epilepsy showed epileptiform abnormalities. In addition to a wide range of epileptiform activity
observed, generalized slowing with poor background organization was frequently noted. Follow-up EEG con-
firmed persistence of abnormal discharges, but none of the abnormal EEGs showed evolution to electrographic
seizures. Clinically, there was no emergence of epilepsy or significant developmental regression noted in the
time frame observed.
Conclusions: This is the first and most abundant prolonged awake and sleep video-EEG data recorded in a PMS
cohort to date. The importance of overnight prolonged EEGs is highlighted by findings from this study, as they
can be used to document the varied topographies of EEG abnormalities in conditions such as PMS, which
are often missed during routine EEG studies. While the long-term significance of the EEG abnormalities found
(beyond 1 year) remains uncertain despite their persistence over time, these findings do underscore the current
clinical recommendation that overnight prolonged EEG studies (with sleep) should be conducted in individuals
with PMS.

© 2017 Published by Elsevier Inc.
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1. Introduction

Phelan–McDermid Syndrome (PMS) is a rare genetic condition asso-
ciated with deletions, duplications, or mutations in the chromosome

22q13 region [1]. This chromosomal region contains many genes, and
deletion sizes vary. However, the vast majority of cases described
thus far involve SHANK3, a gene previously proposed to be associated
with seizures in both humans and animal models [2–4]. The PMS is
manifested by a broad spectrum of clinical presentations, including
hypotonia, intellectual disability, absent or delayed language and speech,
autism spectrum disorder, and minor dysmorphic features. Seizures
have been reported to occur frequently in this population, estimated
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from mostly retrospective studies to affect 17–70% of those with PMS,
and has been thought to be associated with developmental regression
[5–18]. Holder and Quach in 2016 calculated the pooled prevalence of
epilepsy to be 32% in participants with PMS [18]. Seizure prevalence
has been found to increase dramatically with age in this population,
affecting 11% of those 5 years or younger, but 60% of those 18 years or
older [9].

As is common in genetic disorders associated with intellectual
disability, the frequency of seizures, their correlation with cognitive
dysfunction, and the question of reversibility are clinically important.
For many healthcare providers, seizures are difficult to differentiate
from other stereotypical or repetitive behaviors. In the community,
the diagnosis of epilepsy has been largely based on clinical judgment,
family observations, and routine electroencephalogram (EEG) evalua-
tions which often last 20 to 40 min. Specifically, in PMS, there are no
studies prospectively reporting cognitive functioning, findings from
systematic neurological examinations, history of epilepsy, and their cor-
relationwith EEGfindings. In particular, prolonged overnight video-EEG
recordings with sleep have not been reported in this population and the
natural evolution of abnormal EEGs, especially over time, has not yet
been established.

The reported seizures in PMS are highly variable and do not resem-
ble any previously well-defined clinical epilepsy syndrome. One study
found atypical absence seizures to be the most prevalent type experi-
enced by this population, affecting 90% [18]. Other features of seizures
reported in this population have included focal myoclonic jerks, eyelid
myoclonia, and generalized tonic–clonic seizures [2]. In some cases,
seizures have been accompanied or preceded by loss of consciousness.
Similarly, while there are reports of the EEG findings in this population,
the reported EEG features have dramatically varied, including general-
ized slowing, multifocal slowing, absence or slowing of occipital
dominant rhythm, focal and multifocal spike–wave, and sharp wave
epileptiform activity [2,18–22]. A recent retrospective analysis of clini-
cally referred, routine EEGs found nonspecific EEG abnormalities in
67% of the cohort (n=21), despite only 46% having a history of seizures
[18]. Studies such as this have examined routine EEGs in PMS and other
rare genetic syndromes associated with intellectual disability (Table 1),
however, routine EEGs often are limited to awake only periods. One
finding of interest that has been previously reported is the increase in
epileptiform activity noted during sleep periods, although this finding
is based on a study that utilized EEGs during naps, rather than during
more prolonged sleep periods [2]. However, it becomes challenging
to clinically correlate these findings given the lack of prospective data
available regarding the natural evolution of epileptiform findings in
this patient population.

Thus, we describe the results of over 240 h of prolonged awake and
sleep EEG data recorded in 16 individuals diagnosedwith PMS, compare
and correlate these findings with repeat EEGs done more than a year
later aswell aswith the seizure semiology, history, and characterization.
To our knowledge, this is the first andmost abundant prolonged awake
and sleep EEG data recorded in a PMS cohort to date. Additionally, pro-
spective follow-up on the natural evolution and stability of epileptiform
abnormalities found in participants with PMS has not been reported
before.

2. Materials and methods

Participantswere drawn fromanatural history study (NCT01778504)
implemented at the National Institute of Mental Health (NIH),
Bethesda, Maryland. A legal guardian provided written consent for
this Institutional Review Board-approved study. Physical and neurolog-
ical evaluations and screening EEGs were obtained on 16 research
participants who were recruited based on eligibility of a clinically con-
firmed deletion or mutation in the 22q13 region. Ages ranged between
23months to 27 years and 9 months at intake. There were 7 males and
9 females (see Table 2). Each participant underwent a detailed history

and neurological evaluation by a board certified pediatric neurologist
or neurologist. In addition, seizure and epilepsy historieswere reviewed
and recorded by a board certified epileptologist, quantifying stereo-
typical behaviors, seizures, and previous or current antiepileptic
medications prescribed. Deletion size was confirmed through array
Comparative Genomic Hybridization (aCGH) and by fluorescence
in situ hybridization (FISH).

2.1. Genetics

2.1.1. aCGH
The deoxyribonucleic acid (DNA) was extracted using the Puregene

Genomic DNA purification kit (Qiagen) following the manufacturer's
instructions and was analyzed on a 180K International Standards for
Cytogenomic Arrays (ISCA) oligonucleotide CGH + single nucleotide
polymorphism (SNP) microarray (Agilent Technologies), which pro-
vides genome-wide coverage with a median CGH probe spacing of
25 kb and higher resolution in ISCA disease regions. The lower limit of
detection of copy number aberrations with this array is approximately
250 kbover the entire genomewith detection of aberrations b10 kb pos-
sible in ISCA regions. All genomic coordinates are reported for the
National Center for Biotechnology Information (NCBI) Build 37
(human genome version 19 (hg19)). Copy number aberrations are iden-
tified using the Aberration Detection Method-1 (ADM1) algorithmwith
a sensitivity threshold of 6.0. The log2 ratio threshold values for these
aberrations are b−0.25 for copy number losses and N0.25 for copy num-
ber gains. Female or male DNA (Promega) was used as a control. Test
and control DNAs (1000 ng each) were digested with AluI and RsaI
(Agilent) and labeled with Cy5-dUTP and Cy3-dUTP (Agilent), respec-
tively, using the Agilent Genomic DNA Labeling kit PLUS. The final hy-
bridization mixture contained the labeled DNAs, Hybridization Buffer
(Agilent), blocking agent (Agilent), and Human Cot-1 DNA (Invitrogen).
The microarray was hybridized in a SureHyb oven (Agilent) at 65 °C for
48 h. Posthybridization washes included Agilent Oligo CGHWash Buffer
1, Agilent Oligo CGH Wash Buffer 2, and acetronitrile. The microarray
was scanned with an Agilent scanner, and data were analyzed using
Genomic Workbench 7.0 software or Cytogenomics.

2.1.2. FISH
The 22q13 deletionswere confirmed by FISHwith a probe specific to

the subtelomeric region of chromosome 22q (TelVysion 22q, MS607,
Abbott Molecular) and a control probe that hybridizes to the 22q11.21
region (RP11-1058B20, Empire Genomics). All FISH analyses were per-
formed using an ImagePoint cooled charge coupled device (CCD) video
camera (Photometrics, Tucson, AZ) with a Nikon, Labophot-2A fluores-
cence microscope (Morell Instruments, Melville, NY). Digital image
analyses were performed using a CytoVision Probe system and FISH
software (Leica), and all preparations were counterstained with 4',6-
diamidino-2-phenylindole (DAPI) (Vector Labs, Burlingame, CA).

2.2. Neurodevelopmental testing

Neurodevelopmental testing was completed by psychologists who
administered a measure to estimate cognition. Measures included the
Mullen Scales of Early Learning [23], the Leiter International Perfor-
mance Scale, revised [24], and the Differential Ability Scales, second
edition [25]. Adaptive behavior wasmeasured by the Vineland Adaptive
Behavior Scales, second edition [26], which provides scores by domains
as well as an adaptive behavior composite. Autism spectrum disorder
symptoms and diagnoses were based on Diagnostic and Statistical
Manual for Mental Disorders, 5th edition [27] criteria, with administra-
tion of the Autism Diagnostic Interview-Revised [28] providing addi-
tional information about milestones, early development, any history
of regression, and current functioning. Administration of the Autism
Diagnostic Observation Schedule, second edition [29] in ambulatory
participants also contributed to diagnostic decisions.
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