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Abstract

Phelan-McDermid syndrome (PMS) is a genetic condition caused by SHANK3 hap-
loinsufficiency and characterized by a wide range of neurodevelopmental and sys-
temic manifestations. The first practice parameters for assessment and monitoring in
individuals with PMS were published in 2014; recently, knowledge about PMS has
grown significantly based on data from longitudinal phenotyping studies and large-
scale genotype-phenotype investigations. The objective of these updated clinical
management guidelines was to: (1) reflect the latest in knowledge in PMS and (2) pro-
vide guidance for clinicians, researchers, and the general community. A taskforce was
established with clinical experts in PMS and representatives from the parent commu-
nity. Experts joined subgroups based on their areas of specialty, including genetics,
neurology, neurodevelopment, gastroenterology, primary care, physiatry, nephrology,
endocrinology, cardiology, gynecology, and dentistry. Taskforce members convened
regularly between 2021 and 2022 and produced specialty-specific guidelines based
on iterative feedback and discussion. Taskforce leaders then established consensus

within their respective specialty group and harmonized the guidelines. The
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1 | INTRODUCTION

Phelan-McDermid syndrome (PMS) is a genetic condition caused by
SHANK3 haploinsufficiency due to a chromosomal 22q13.3 deletion
encompassing SHANK3 or a SHANK3 sequence variant. SHANKS is a
postsynaptic density scaffolding protein located in excitatory synap-
ses. SHANKS has multiple roles, including interfacing with ion channel
receptors, signaling molecules, and cytoskeletal proteins (Durand
et al., 2007; Naisbitt et al., 1999), as well as regulating dendritic spine
maturation (Sala et al., 2001). Individuals with PMS experience a wide
range of neurodevelopmental and systemic manifestations, including
global developmental delay/intellectual disability (ID), impaired/
limited language, autism spectrum disorder (ASD), hypotonia, epilepsy,
congenital heart defects, gastrointestinal (Gl) disorders, and urogenital
malformations (Phelan et al., 2001; Soorya et al., 2013).

Current guidelines for evaluating and monitoring PMS have
existed since 2014 and established recommendations pertinent to
multiple medical specialties. The main basis for these recommenda-
tions was 13 published case series describing close to 600 affected
individuals (Kolevzon, Angarita, et al., 2014).

More recently, knowledge surrounding PMS has grown signifi-
cantly, and there is now data from randomized controlled trials
(Fastman et al., 2021; Kolevzon et al, 2022; Kolevzon, Bush,
et al., 2014; Zwanenburg, Bocca, et al., 2016), large-scale genotype-
phenotype investigations (Levy et al., 2022; Nevado et al., 2022;
Sarasua et al, 2014), and neurobehavioral phenotyping studies
(Gergoudis et al., 2020; Srivastava et al., 2021). The Developmental
Synaptopathies Consortium (DSC) is a research collaboration of medi-
cal centers throughout the United States focused on three rare
genetic causes of ASD and ID including PMS that launched in 2014.
One of its projects is a multisite, prospective, longitudinal, observa-
tional cohort study evaluating the genotype, phenotype, and natural
history of PMS (ClinicalTrial.gov identifier NCT02461420).

This additional knowledge has necessitated an update to clinical

management guidelines for PMS. To accomplish this goal, we

knowledge accumulates.

knowledge gained over the past decade allows for improved guidelines to assess and
monitor individuals with PMS. Since there is limited evidence specific to PMS, inter-
vention mostly follows general guidelines for treating individuals with developmental
disorders. Significant evidence has been amassed to guide the management of
comorbid neuropsychiatric conditions in PMS, albeit mainly from caregiver report
and the experience of clinical experts. These updated consensus guidelines on the
management of PMS represent an advance for the field and will improve care in the
community. Several areas for future research are also highlighted and will contribute

to subsequent updates with more refined and specific recommendations as new

assessment, autism spectrum disorder, monitoring, Phelan-McDermid syndrome, SHANKS,

established a taskforce of PMS clinical experts and representatives
from the parent community. Our primary objective was to generate
updated recommendations for the clinical management of PMS which
(1) reflect the latest in knowledge about the disorder and (2) provide
guidance for clinicians, researchers, and the general community.

As part of this taskforce, experts joined one or more of the fol-
lowing subgroups based on their areas of specialty: genetics, neurol-
ogy, neurodevelopment (including psychiatry, psychology, speech and
language pathology), gastroenterology, primary care, physiatry,
nephrology, endocrinology, cardiology, gynecology, and dentistry. The
task force members represented more than 20 different academic
institutions from the United States, Europe, and South America;
encompassed diverse ethnic backgrounds; and included males/
females. Importantly, a parent/caregiver from the PMS community
also joined each sub-group to ensure adequate representation from
the family perspective.

Members of each subgroup convened regularly between 2021
and 2022 and produced specialty-specific guidelines based on itera-
tive feedback and discussion. The taskforce leaders then established
consensus within their respective specialty group and harmonized the
guidelines. Summaries of recommendations for each specialty are pre-
sented in Tables 1-12. Definitions for some genetic terms used in this
article are listed in Table 13.

Regarding nomenclature, a recent proposal has suggested that
individuals with PMS in the setting of SHANK3 haploinsufficiency
receive the label of “PMS-SHANKS3 related,” in contrast to individuals
with interstitial deletions of Chromosome 22 without involvement of
SHANKS3, or “PMS-SHANK3 unrelated” (Phelan et al., 2022). The
guidelines presented here are based on data about individuals who
have deletions that include SHANK3 or SHANK3 sequence variants
because in general, published literature and research efforts to date
have defined PMS based on SHANK3 haploinsufficiency (OMIM
no. 606232). We have therefore focused our efforts on consolidating
the evidence from the vast amount of studies which indicate that
SHANKS is the critical gene in PMS (Bonaglia et al., 2001, 2006, 2011;
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Durand et al., 2007) and that de novo sequence variants in SHANK3
have been identified in cohorts ascertained for ASD and ID (Boccuto
et al., 2013; De Rubeis et al., 2014; Durand et al., 2007; Fu
et al.,, 2022; Gauthier et al., 2009; Gong et al., 2012; Hamdan
et al., 2011; Leblond et al.,, 2014; Lelieveld et al., 2016; Moessner
et al., 2007; O'Roak et al, 2014; Satterstrom et al, 2020; Yuen
et al., 2017).

2 | RESULTS

21 | Genetics

2.1.1 | Diagnosis

Increasingly, individuals are diagnosed with PMS as part of a molecu-
lar genetic evaluation for global developmental delay/ID and/or ASD
without prior suspicion of the syndrome. Clinical features that may
increase suspicion of PMS include mild dysmorphic features (bulbous
nose, periorbital fullness, long eyelashes, fleshy hands, and dysplastic
toenails), absent speech, epilepsy, renal malformations, and lymph-
edema. Evidence of SHANK3 haploinsufficiency may be identified by
methods including chromosomal microarray (CMA) and next-
generation sequencing (NGS). Most cases of PMS are due to 22q13
deletions, although SHANK3 sequence variants are increasingly identi-
fied as NGS becomes more available. Rarely, haploinsufficiency can
result from a balanced rearrangement with a breakpoint that disrupts
SHANKS3.

2.1.2 | Genotype-phenotype relationships
Haploinsufficiency of SHANK3 causes ID, ASD, hypotonia, motor
impairment, epilepsy, increased pain tolerance, and Gl problems in
PMS (De Rubeis et al., 2018). Some features observed in PMS due to
22q13.3 deletions may be unrelated to monoallelic loss of SHANKS.
Renal/urinary tract abnormalities and lymphedema are reported in
24%-40% and 7%-23%, respectively, of individuals with 22q13.3
deletions (Levy et al, 2022; Samogy-Costa et al., 2019; Soorya
et al., 2013). However, among individuals with SHANK3 sequence var-
iants and small deletions involving only SHANKS3, renal anomalies are
not reported (Levy et al., 2022; De Rubeis et al., 2018), and lymph-
edema is reported in only 1% of cases (Levy et al., 2022).
Genotype-phenotype studies have elucidated several relation-
ships in PMS. A large genotype-phenotype analysis of 170 individuals
with PMS stratified variants into three categories: Class | deletions
(deletions which include SHANK3 only or SHANK3 with ARSA and/or
ACR and RABL2B, with loss of a single copy of the latter three genes
not expected to contribute to the phenotype); Class Il deletions (all
other deletions); and SHANK3 sequence variants. Those with Class |
deletions or sequence variants had milder language, cognitive, and
motor deficits—but more frequent skill regressions—versus those with

Class Il deletions. In addition, the former group had a greater risk for
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psychiatric diagnoses, such as bipolar disorder, depression, and schizo-
phrenia (Levy et al., 2022). Alternatively, a smaller study in a cohort of
22 individuals with PMS showed significant methylation differences
compared with controls in those with deletions of at least 1 Mb, but
not in the group with smaller deletions (Schenkel et al., 2021).

There is a correlation between larger deletion size and increased
neurodevelopmental severity in PMS (Nevado et al., 2022; Sarasua
et al., 2014; Soorya et al., 2013), further indicating that genes proximal
to SHANK3 contribute to phenotypic severity in individuals with larger
deletions. TCF20, a gene in the deleted interval in some patients, is
implicated in an autosomal dominant neurodevelopmental disorder,
characterized by variable dysmorphic features, ID, ASD, hypotonia,
movement disorders, sleep disturbances, seizures, and structural brain
abnormalities (Torti et al., 2019). TCF20 is located 8.7 Mb from the
22q telomere, thus contributing to the phenotype in only the largest
2213 terminal deletions.

The presence of certain systemic abnormalities in PMS may be
related to haploinsufficiency of genes other than SHANK3. CELSR1
(affected by terminal 22q13 deletions larger than 4.3 Mb) is impli-
cated in autosomal dominant lymphedema (Erickson et al., 2019;
Gonzalez-Garay et al., 2016; Maltese et al., 2019). Accordingly, lymph-
edema in PMS is primarily observed in individuals with deletions
>43 Mb (Levy et al, 2022; Samogy-Costa et al., 2019; Soorya
etal, 2013).

2.1.3 | Recommendations (Table 1).

Diagnostic testing

Genetic evaluation for PMS should include evaluation for both
22q13 deletions and SHANK3 sequence variants. Deletions may be
detected by CMA and many NGS-based methods. Some deletions
may be smaller than the limit of detection for specific CMA or NGS
assays. Depending on the specific test used to detect a deletion,
additional testing may be indicated to characterize its extent.
SHANKS3 sequence variants (including single nucleotide variants and
small insertions and deletions) are typically assessed by NGS-based
methods such as gene panels, exome sequencing, and genome
sequencing. Rarely, a balanced rearrangement can disrupt SHANK3.
Balanced rearrangements affecting SHANK3 may be detectable by
karyotype or some NGS-based methods. We recommend genetic
counseling prior to genetic testing and concurrently with return of
results. Following the diagnosis of PMS, referral to a clinical geneti-
cist or other specialists familiar with the interdisciplinary manage-

ment of the condition is recommended.

Identification of a deletion. The finding of a deletion of 22q13 can indi-
cate the presence of an unbalanced chromosomal rearrangement such
as a translocation or inversion. For example, a terminal deletion in
conjunction with duplication of the terminal segment of another chro-
mosome is consistent with an unbalanced reciprocal chromosome
translocation. All patients with a terminal deletion should undergo

testing by karyotype and fluorescence in situ hybridization (FISH) to
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TABLE 1 Recommendations pertaining to genetic considerations
in Phelan-McDermid syndrome (PMS).

Cause of PMS Recommendations

All causes of PMS Involve genetic counseling prior to testing
of the patient or family members and

again with the return of results

Diagnostic testing should include evaluation
for 22q13 deletions and SHANK3
sequence variants. This may include CMA
and NGS-based methods

Following diagnosis of PMS, refer to a
clinical geneticist or other specialist
familiar with the interdisciplinary
management of the condition

SHANKS3 sequence Send parental testing following the

variant identification of a SHANK3 sequence
variant
Any deletion If the ARSA gene is deleted, consider

screening for MLD with urine sulfatides

Terminal deletion Send a karyotype and FISH studies for the
patient following the identification of an
apparent terminal deletion to assess for
the presence of an unbalanced

translocation or a ring chromosome

Send parental karyotypes and FISH studies
following the identification of a terminal
deletion®

Interstitial deletion Send parental karyotypes and FISH studies
following identification of an interstitial

deletion?

Send parental karyotypes to assess for a
mosaic ring chromosome

Ring chromosome 22

Screen for complications of NF2 as
described in Sections 2.2 and 2.5

Note: For recurrence risk counseling, please see Figure 1.

Abbreviations: CMA, chromosomal microarray; FISH, fluorescence in situ
hybridization; MLD, metachromatic leukodystrophy; NF2,
neurofibromatosis type 2; NGS, next generation sequencing.

When a deletion in a patient is smaller than can be detected by FISH,
CMA or NGS-based methods can potentially be used for parental testing
with the understanding that balanced rearrangements may not be
detected.

assess for an unbalanced rearrangement. Following the identification
of an unbalanced rearrangement in an individual with PMS, we recom-
mend parental studies to assess its origin using FISH studies and/or
karyotyping depending on the rearrangement identified in the patient.

The detection of a 22q13 terminal deletion may also indicate the
presence of a ring chromosome 22, a circular structure formed when
the distal long arm and the distal short arm of the chromosome trun-
cate and join. Therefore, an additional rationale for karyotyping fol-
lowing the detection of a terminal deletion is to assess for the
presence of a ring chromosome. Individuals with ring chromosome
22 are at increased risk of developing neurofibromatosis type 2 (NF2)
due to mosaic aneuploidy of chromosome 22 followed by a somatic
second hit in the NF2 gene (located at 22q12.2) that results in biallelic

loss of function. We recommend that individuals with ring chromo-
some 22 undergo monitoring for complications of NF2 (provided in
Sections 2.2 and 2.5).

Loss of a ring chromosome 22 followed by a somatic second hit
can also result in biallelic inactivation of another tumor suppressor
gene, SMARCB1 (located at 22q11.2). Complete somatic loss of
SMARCB1 can lead to formation of a central nervous system (CNS)
atypical teratoid/rhabdoid tumor (ATRT; Byers et al., 2017). There are
case reports of ATRT in individuals with ring chromosome 22 (Byers
et al,, 2017; Cho et al., 2014; Sathyamoorthi et al., 2009).

22913 deletions can unmask autosomal recessive single-gene dis-
orders if a pathogenic variant is present on the other allele. Examples
include metachromatic leukodystrophy (MLD; ARSA defect) and
megalencephalic leukoencephalopathy with subcortical cysts (MLC;
MLC1 defect). There are a few case reports of individuals with PMS
and MLD who presented with progressive neurological deterioration
(Ahn et al., 2020; Bisgaard et al., 2009; Mingbunjerdsuk et al., 2021).
Because patients with presymptomatic or early-stage MLD may be
candidates for hematopoietic stem cell transplantation, some authors
suggest MLD screening with urine sulfatides at the time of diagnosis
of PMS associated with a deletion including ARSA (Mingbunjerdsuk
etal., 2021).

Identification of a SHANKS3 sequence variant. The majority of patho-
genic SHANK3 sequence variants occur de novo. For individuals with
a variant of uncertain significance (VUS; as defined in Richards
et al., 2015), we recommend parental testing to determine inheritance
status. The finding of a SHANK3 VUS inherited from a healthy, neuro-
typical parent argues against the pathogenicity of the variant. For indi-
viduals with pathogenic or likely pathogenic SHANK3 variants, we
recommend parental testing to evaluate for the (rare) possibility of
mosaicism or a mildly affected parent. While the likelihood of detect-
ing mosaicism is low, if present, the risk of recurrence may increase
up to 50%.

Recurrence risk counseling

We recommend genetic counseling for families in which PMS has
been diagnosed. In this context, parental testing should be offered fol-
lowing the identification of a deletion including SHANK3 or a patho-
genic SHANK3 variant. The recommended approach to parental
testing and a summary of possible outcomes is shown in Figure 1. For
interested families who are at increased risk of having future affected
offspring, genetic counseling should include discussion of the option

of prenatal testing and preimplantation genetic diagnosis.

Terminal deletions. For parents of individuals with terminal 22q13
deletions in isolation or in the context of a chromosomal rearrange-
ment, we recommend karyotype and FISH testing to assess de novo
status and the possibility of a predisposing rearrangement. Normal
parental studies predict a low recurrence risk (empirically <1%, due to
the possibility of gonadal mosaicism). In the rare case that a parent
harbors a deletion, the recurrence risk in his/her offspring is predicted

50%. When parents carry a chromosomal rearrangement such as an
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FIGURE 1 Recommendations for parental testing in Phelan-McDermid syndrome. We recommend parental testing following the

identification of a 22q13 deletion including SHANK3 or a pathogenic SHANK3 sequence variant (orange). The estimated risk of familial recurrence
(light blue) depends on the nature of the pathogenic variant (purple) in the proband and the results of parental testing (green). Karyotype and
FISH can be used for parental evaluation of most deletions (see note below). Targeted sequencing may be used for parental evaluation of
pathogenic SHANK3 variants. FISH, fluorescence in situ hybridization. **When a deletion in a patient is smaller than can be detected by FISH,
chromosomal microarray, or next generation sequencing-based methods can potentially be used for parental testing with the understanding that

balanced rearrangements may not be detected.

unbalanced reciprocal translocation or inversion, there is an elevated,
case dependent, recurrence risk. In ~50% of patients with complex
chromosome rearrangements involving 22q13, a parent is a balanced
rearrangement carrier (Phelan et al., 1993). There is also an increased
recurrence risk if a parent is found to have mosaicism for a chromo-
some rearrangement such as a translocation, inversion, or ring

chromosome.

Interstitial deletions. Most, but not all, interstitial deletions arise de
novo. We recommend parental FISH and karyotype to evaluate for
parental mosaicism or an insertional translocation. For interstitial dele-
tions not detectable by FISH and karyotype, alternative methods can
be utilized. If de novo status is confirmed, the recurrence risk is esti-
mated to be low (empirically 1% or less, due to the possibility of
gonadal mosaicism). There is an increased recurrence risk (case depen-
dent) if a parent has an insertional translocation or exhibits somatic
mosaicism. In the rare case that a parent has a nonmosaic deletion,

the recurrence risk is 50%.

SHANKS sequence variants. The majority of pathogenic variants in
SHANK3 are de novo. We recommend parental testing to confirm de
novo status if trio sequencing did not occur initially. If parental testing
is negative, there is a low empiric recurrence risk, commonly esti-
mated <1% (attributable to the possibility of gonadal mosaicism).
There are reports of four families with multiple affected siblings with
SHANKS3 variants, consistent with gonadal mosaicism in one of the
parents (Durand et al, 2007; Gauthier et al., 2010; Nemirovsky
et al., 2015; Nevado et al., 2022). Detection of a pathogenic SHANK3
variant in a mildly affected parent is possible due to variable expres-
sivity (Tabet et al., 2017a). In this situation, the recurrence risk is 50%.
Detection of a somatic mosaic pathogenic variant in a parent would

confer a case-specific increased recurrence risk (Kankuri-Tammilehto
et al, 2021).

Risk to children of affected individuals

To date, there are no reports in the literature of individuals with PMS
having children. For an individual with PMS due to a 22q13 deletion
or pathogenic SHANK3 variant, the estimated risk of having an
affected child with each pregnancy is 50%, consistent with autosomal
dominant inheritance.

Risk to children of siblings of affected individuals

In most cases, the risk of an unaffected sibling of an individual with
PMS having a child with PMS is low and similar to the general popula-
tion risk. In families with parents who are balanced chromosome rear-
rangement carriers, we recommend offering karyotype and FISH to

siblings who are family planning.

2.2 | Neurology

2.2.1 | Neuroimaging abnormalities
There is a spectrum of brain magnetic resonance imaging (MRI) abnor-
malities associated with PMS. These findings are largely nonspecific,
including white matter changes (specifically T2 hyperintensities of the
deep white matter), ventriculomegaly, arachnoid cysts, and cerebral/
cerebellar atrophy (Holder & Quach, 2016; Srivastava et al., 2019).
Most of these findings are nonactionable, except for hydrocephalus,
which is a rare occurrence in PMS but may require ventricular shunting.
Neuroimaging may show additional abnormalities under specific

circumstances. In the case of ring chromosome 22, MRI may show
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NF2-specific findings, such as intracranial acoustic neuromas/
vestibular schwannomas (Lyons-Warren et al., 2017; Ziats
et al, 2020) as well as intraspinal meningiomas and ependymomas
(Kresbach et al., 2021). In the rare co-occurrence of PMS and MLD,
brain MRI may show changes consistent with the leukodystrophy,

such as bilateral, symmetric, confluent periventricular white matter
changes, as well as cortical and subcortical atrophy (Ahn et al., 2020).

In MLC, brain MRI may show subcortical cysts and edema in the sub-
cortical white matter (Bosch & Estévez, 2020).

Recommendations (Table 2).
The need for a baseline brain MRI after initial diagnosis of PMS
depends on the cause of the syndrome. For an individual with PMS

due to ring chromosome 22, we recommend brain and spine MRI

TABLE 2

Cause of PMS
Any cause of PMS

Ring chromosome
22

Domain

Neuroimaging
abnormalities

Epilepsy and EEG
abnormalities

Autoimmune
encephalitis

Screening/
surveillance

Recommendations pertaining to neurological considerations in Phelan-McDermid syndrome.

Recommendations

Obtain brain magnetic resonance imaging (MRI; with gadolinium, unless there is an institutional policy
in place about use of contrast agents) based on the following indications:

. Focal neurological findings on exam

. Focal seizures or focal abnormalities on electroencephalography (EEG)

Concerns for increased intracranial pressure

. Regression (motor or dramatic language regression)

. Macrocephaly

. Microcephaly

. Clinician judgment

NOo U s WN R

Perform repeat brain MRI based on the following reasons:

1. Sudden change in seizure frequency and/or characteristics
2. Changes in neurological examination

3. Regression

4. Clinician judgment

Perform routine EEG for suspected seizures or epilepsy

Prolonged EEG is warranted if:
1. Suspicion for seizures is high yet initial routine EEG is nondiagnostic
2. The EEG needs to capture sleep to establish a diagnosis like electrical status epilepticus of sleep

Follow-up EEG is warranted in individuals who have:

1. Significant interictal epileptiform activity on previous EEGs if the results of follow-up EEG will
change management

2. New symptoms suspicious for seizures

. Unexplained developmental regression, especially in language or motor abilities

4. Unusual delay in expected developmental milestones compared with typical developmental
progression seen with PMS

w

Treatment and management of seizures in PMS are similar to standard practice

Evaluate for autoimmune encephalitis in individuals who experience:

1. Abrupt regression

2. Onset of neuropsychiatric symptoms accompanied by new focal neurological signs including
seizures

3. Onset of neuropsychiatric symptoms without accompanying focal neurological signs but which fail
to respond to appropriate trials of psychotropic medications

Work-up should include a lumbar puncture with standard cell count, protein level, and glucose level.
Consider evaluation for autoimmune antibodies, including anti-NMDA receptor, anti-AMPA
receptor, and anti-voltage gated potassium channel antibodies from both cerebrospinal fluid (CSF)
and blood

For those patients with positive autoantibodies from either CSF or serum, consider immune
modulators, including intravenous methylprednisolone and intravenous immunoglobulin

In cases associated with sudden onset of new neurologic symptoms (seizures, regression) where the
work-up fails to identify any laboratory abnormalities, consider empirical use of immunomodulatory
therapies, targeting presumed seronegative autoimmune encephalitis

Obtain brain and spine MRI (with gadolinium) upon initial diagnosis

Repeat brain MRI (with gadolinium) as part of surveillance schedule every 1-2 years after age 10 years
until at least age 40 years

Repeat spine MRI (with gadolinium) based on clinical symptoms

Perform neurological examination upon initial diagnosis and then annually

Note: Recommendations pertaining to ring Chromosome 22 are in addition to those pertaining to any cause of PMS.
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(with gadolinium), given the increased risk of NF2-related acoustic
neuromas/vestibular schwannomas and spinal tumors. Without ring
chromosome 22, reasons to consider baseline brain MRI (with gadolin-
ium, unless there is an institutional policy in place about use of con-
trast agents) include focal neurological findings on exam; focal
seizures or focal abnormalities on electroencephalogram (EEG); con-
cerns for increased intracranial pressure; regression (motor regression
or dramatic language regression); macrocephaly; microcephaly; and
clinician judgment. In the absence of these factors, clinicians may con-
sider brain MRI (without gadolinium) if there is a desire to establish a
neuroimaging baseline in case neurological status changes in the
future.

We recommend repeating brain MRI based on the following con-
siderations: sudden change in seizure frequency and/or characteristics
(especially new emergence of focal seizures); changes in neurological
examination (including pyramidal or extrapyramidal findings); regres-
sion: clinician judgment. Repeating brain MRI as part of a surveillance
schedule is not necessary in PMS, except in the presence of ring chro-
mosome 22. For individuals with ring chromosome 22, we recommend
repeating brain MRI with gadolinium every 1-2 years starting at age
10 years until at least age 40 years, in accordance with NF2-specific
guidelines (Evans, 1993); it is not necessary to repeat spine MRI

unless there are concerning symptoms.

2.2.2 | Epilepsy and EEG abnormalities

In individuals with PMS, epilepsy occurs with a varying prevalence
ranging from 17% to 41%, and approximately half have a history of a
single lifetime seizure (Holder & Quach, 2016; Jeffries et al., 2005;
Khan et al., 2018; Soorya et al., 2013; Wilson et al., 2003). The onset
of the first-lifetime seizure is likewise highly variable. Reported seizure
semiologies include atypical absence, tonic, tonic-clonic, and myo-
clonic seizures. Electrographic seizures and status epilepticus are
infrequently noted in PMS. Seizure burden and frequency are highly
variable. The incidence and prevalence of intractable epilepsy in PMS
are not well established (Holder & Quach, 2016; Khan et al., 2018). A
small percentage of affected individuals can develop Lennox-Gastaut
syndrome (Holder & Quach, 2016; Srikanth et al., 2021), an epilepsy
syndrome characterized by multiple seizure types, refractory epilepsy,
and characteristic EEG findings including slow spike-and-wave bursts.
Among individuals with PMS who do not have epilepsy, epileptiform
activity may still occur. EEG abnormalities include generalized slowing,
multifocal slowing, focal spike and sharp waves, and generalized
bursts of spike and slow-wave activity (Holder & Quach, 2016; Khan
et al., 2018). Routine EEGs detect about 50% of the interictal epilepti-
form abnormalities seen in prolonged overnight EEG recordings con-
taining portions of sleep (Khan et al., 2018; Table 2).

Recommendations (Table 2).

Electroencephalogram. The major limitation for recommendations
regarding EEG in PMS is that most of the published data for EEG
findings are based on single center, retrospective case series, and

medical genetics Bl WI1LEY_[ 2

limited longitudinal patient databases. We recommend routine
EEGs for all individuals with PMS who present with suspected sei-
zures or epilepsy, regardless of age. Generally, EEGs should cap-
ture some sleep periods and have time-locked videos. We suggest
a prolonged EEG (i.e., recording for multiple hours and preferably
including overnight sleep data) in situations where (1) suspicion for
seizures is high yet initial routine EEG is nondiagnostic, or (2) the
EEG needs to capture sleep to establish a diagnosis like electrical
status epilepticus of sleep. Additionally, we recommend follow-up
EEG testing in individuals who have demonstrated one or more of
the following: (1) significant interictal epileptiform activity on pre-
vious EEGs if the results of follow-up EEG will change manage-
ment, (2) new symptoms suspicious for seizures, especially
repetitive, stereotyped, and episodic symptoms with or without
alteration of awareness or motor features (e.g., stereotyped non-
distractible staring spells), (3) unexplained developmental regres-
sion, especially in language or motor abilities, and (4) unusual delay
in expected developmental milestones compared with typical
developmental progression seen with PMS.

EEG can be a difficult procedure to tolerate for some individuals
with PMS due to issues such as anxiety about equipment and tactile
defensiveness. However, behavioral training approaches may be help-
ful in desensitizing individuals to this procedure, increasing tolerabil-
ity. These approaches may include mock EEG placement procedures,
in conjunction with continuous positive reinforcement (music, stories,
and other preferred activities; Slifer et al., 2008).

Epilepsy treatment. Treatment and management of seizures in PMS
are similar to standard epilepsy practice. After two lifetime unpro-
voked seizures, or one lifetime unprovoked seizure with EEG suggest-
ing a high likelihood for having future unprovoked seizures, we
recommend starting an antiseizure medication. There are no antisei-
zure medications shown to be more beneficial than others in PMS.
The first-choice medication should match the predominant seizure
type (sodium channel inhibitors like oxcarbazepine for focal-onset sei-
zures versus broad-spectrum medications like lamotrigine, divalproex,
levetiracetam, or brivaracetam for generalized seizures). Levetirace-
tam has the benefit of ease of access, lack of need for routine moni-
toring, and fewer drug interactions, but anecdotal reports suggest
behavioral side effects in some affected individuals despite concurrent
use of pyridoxine. Epidiolex (containing a purified form of cannabidiol)
is currently approved by the U.S. Food and Drug Administration (FDA)
for use in individuals with Lennox-Gastaut syndrome or Dravet syn-
drome. However, there is no data yet on the use or efficacy of canna-
bidiol products for epilepsy in PMS.

We recommend stopping anti-seizure medications if the individ-
ual is seizure-free for at least 2 years, with some exceptions. We sug-
gest considering longer duration of anti-seizure medication treatment
if the individual has an underlying condition associated with signifi-
cant seizure risk (such as a structural brain abnormality), if the seizures
were previously very difficult to control, or if the most recent EEG
shows substantial epileptiform activity. Therefore, after a 2-year

seizure-free period, a repeat EEG is recommended.
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If antiseizure medications are not effective at controlling seizures,
alternative approaches are available although not specifically tested in
PMS. The ketogenic diet provides good seizure control to some indi-
viduals with intractable seizures and is an option when multiple medi-
cations fail or when there are problems with medication side effects.
The ketogenic diet works best for children under the age of 4 years
and when the family and child are motivated to strictly follow the diet.
The diet works best for atonic and absence seizures but can work for
all seizure types. A vagal nerve stimulator is a small device implanted
by surgery at the base of the neck on the vagal nerve, which it then
stimulates. We suggest considering epilepsy surgery evaluation for
individuals with very difficult to control focal seizures. Epilepsy sur-
gery can sometimes be useful for epilepsy affecting the entire brain if
the seizures are uncontrolled and there is one area from which most

seizures arise.

2.2.3 | Evaluation for autoimmune encephalitis

A recent report described four adolescent girls with PMS who devel-
oped subacute neuropsychiatric symptoms associated with behavioral
or developmental regression. Each treating physician independently
considered autoimmune encephalitis as a potential etiology of the
regressive episode. Diagnostic studies were generally unrevealing,
with normal neuroimaging, normal cerebrospinal fluid (CSF) studies
(one had nine white blood cells), and negative serum antibody titers
including NMDA receptor antibody. Nevertheless, treatment with
immunomodulation therapies including oral or intravenous steroids,
intravenous immunoglobulins (IVIG), and other medications (rituximab,
cyclophosphamide, and mycophenolate) resulted in symptomatic
improvement (Bey et al., 2020). In PMS, the area of neuropsychiatric
presentations sensitive to immune modulation requires further study.
There is no data yet definitely stating whether individuals with PMS

are at an increased risk for autoimmune encephalitis.

Recommendations (Table 2).

We recommend an evaluation for autoimmune encephalitis in individ-
uals with PMS who experience (1) abrupt regression, (2) onset of neu-
ropsychiatric symptoms accompanied by new focal neurological signs
including seizures, or (3) onset of neuropsychiatric symptoms without
accompanying focal neurological signs but which fail to respond to
appropriate trials of psychotropic medications. The work-up should
include a lumbar puncture with standard cell count, protein level, and
glucose level. Furthermore, providers should consider evaluation for
autoimmune antibodies, including anti-NMDA receptor, anti-AMPA
receptor, and anti-voltage gated potassium channel antibodies from
both CSF and blood.

For those patients with positive autoantibodies from either CSF
or serum, we recommend immune modulators, including IV methyl-
prednisolone and IVIG. In those who continue to have significant
symptoms despite these immunomodulatory therapies, consider other
immune modulators, such as rituximab and cyclophosphamide. In

cases associated with sudden onset of new neurologic symptoms

(such as seizures, regression) that have prompted an autoimmune
encephalitis work-up but where the work-up fails to identify any labo-
ratory abnormalities, consider empirical use of immunomodulatory

therapies, targeting presumed seronegative autoimmune encephalitis.

2.3 | Neurodevelopment

2.3.1 | Intellectual disability

ID is a neurodevelopmental disorder characterized by impaired
intellectual and adaptive functioning and is present in the vast
majority of individuals with PMS, often in the severe-profound
range (Droogmans et al., 2020; Ponson et al., 2018; Soorya
et al., 2013; Zwanenburg, Ruiter, et al., 2016). However, some indi-
viduals may have mild/moderate ID or even normal IQ (Samogy-
Costa et al., 2019; Tabet et al., 2017b). ID persists throughout the
lifespan. Lower 1Q with age is expected and not necessarily a sign
of regression but rather may reflect the individual with PMS mak-
ing slower cognitive progress than a typical child. Growth scores,
also known as person-ability scores (or raw scores if growth scores
are not available on the instrument used for assessment) are
needed to distinguish true regression from the expected slower-
than-normal growth rate. There may be a subgroup of individuals
with PMS who show particular declines in cognitive measures
around adolescence, due to lack of skills progression or loss of pre-
viously acquired skills (Kankuri-Tammilehto et al., 2021;
Kohlenberg et al., 2020; Kolevzon et al, 2019; Reierson
et al.,, 2017; Verhoeven et al., 2020).

Recommendations (Table 3).

Periodic monitoring and actual testing of cognitive skills over time
(at least annually, if feasible) may help families and providers track
changes. Floor effects on standardized tests are expected in those
with severe/profound ID, so adaptations or out-of-range testing may
be used. Growth scores should be monitored if possible to understand
the rate of progress. We recommend concurrent assessment of diffi-
culties in related domains, such as motor functioning and social com-
munication, to help providers adjust interventions to individual
profiles.

Early Intervention (El) is important for optimizing early cognitive
development in PMS,; similar to other conditions affecting neurodeve-
lopment. Physical therapy (PT) may be the first implemented El ser-
vice due to motor delays manifesting in infancy. In this context, we
recommend assessing early play skills (e.g., imitation, matching, and
puzzles) to evaluate early cognitive development. Empirically validated
treatment models for enhancing cognitive skills include applied behav-
ior analysis (ABA) therapy. Research suggests early intensive
behavioral intervention is beneficial, according to one meta-analysis
of early intensive interventions for children with ASD (Eldevik
et al., 2009). There is data from a randomized, controlled trial evaluat-
ing the efficacy of the Early Start Denver Model (ESDM; a compre-
hensive intervention based on developmental and applied behavioral
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TABLE 3

Educational interventions
(recommendations for the school/

Domain therapists)

Language (geared toward individuals considered minimally verbal)

Focus on teaching identification of
common items that are part of
simple directions and everyday
routines

Receptive

Focus on teaching requests for highly
preferred items and activities that
can be easily and frequently
delivered

Expressive

Speech AAC may increase the likelihood of
speech development and should be
a consideration for most individuals

Nonspeech oral motor exercises are
NOT recommended for remediation
of speech disorders

Cognition

Early development Early intervention should focus on
cognitive development (e.g.,
targeting imitation, matching, and

puzzles)

General Perform regularly scheduled
curriculum-based assessments to
monitor progress through an

individual education plan

Assessments may need to include
specialized tests for individuals with
significant delays and/or physical
and motor impairments

Consider ABA and other structured
teaching approaches targeting

Clinical interventions
(recommendations for clinicians)

Refer to audiology (particularly
important for those with ring
chromosome 22)

Refer to speech and language therapy

Consider referrals to early intensive
applied behavior analysis (ABA)
therapy with a focus on Verbal
Behavior and Pivotal Response
Training

Refer to speech and language therapy

Consider referrals to alternative
augmentative communication (AAC)
evaluation/training that prioritizes
speaker ease and functional
communication

Consider early referrals to intensive
ABA with a focus on Verbal
Behavior and Pivotal Response
Training

Refer to speech therapy

Consider early referrals to intensive
ABA with a focus on Verbal
Behavior

Consider periodic clinic-based
cognitive (developmental) testing,
especially if regression is observed;
alternative tests may be needed
(including out-of-age-range testing)

Help the family coordinate ABA and
related behavioral approaches
across environments (i.e., school
and home)

medical genetics

Enrichment activities
(recommendations for the family)

Use simple phrases and exaggerated
tone on key words

Provide physical or model prompts
following simple instructions to
teach correct responses in an
errorless manner

Practice identical matching of
functional items

Identify a few highly motivating items
and activities; physically or verbally
prompt the corresponding language
depending on the individual's
method of communication (e.g.,
sign, picture) and quickly deliver the
item or activity

Frequently practice requests for
targeted items/activities

Provide rewards following sound
productions to increase vocalization
frequency

Encourage and highly reward any and
all vocal imitation

Practice general motor imitation
activities (e.g., raising hands,
clapping)

Consider parent-focused early
intervention, including parent
training, to help implement
approaches throughout the day

Encourage family activities which
enhance generalization and
maintenance of skills

Provide consistent communication to
providers across environments
about target goals and methods
used (e.g., visual schedules)

(Continues)
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Recommendations for building independence in language, cognition, and daily living skills in Phelan-McDermid syndrome.
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TABLE 3 (Continued)

Educational interventions
(recommendations for the school/

Domain therapists)

preacademic, academic, and
functional communication skills

Consider educational approaches used
in special education, including small
teacher-to-student ratios, full school
year teaching, and individualized
instruction

Activities of daily living (ADLs)

General Work with the family to establish
developmentally anchored, high-
priority ADLs that consider
additional disabilities and caregiving

factors

ABA may help teach functional daily
living skills, including visual
schedules and task analyses

Personal/Domestic Strategies that promote personal care
skills include (1) establishment of
routines with visual and auditory
prompts, (2) task analyses and
chaining, (3) stimulus control
procedures, and (4) hierarchical

prompting

Community Focus on goals that promote
socialization and integration in

community settings

Clinical interventions
(recommendations for clinicians)

Refer to physical, occupational, and
speech and language therapy to
teach and maintain skills in all areas
that impact the individual's ability to
perform ADLs

Help the family periodically set ADL
goals, as informed by assessment as
well as medical, cognitive, language
skills, and/or history of regression

Use Vineland Adaptive Behavior
Scales Personal and Domestic
subdomain responses to promote
discussion with family on priorities

Carefully consider physical, medical,
and environmental factors
influencing toileting challenges

Use Vineland Adaptive Behavior
Scales Community subdomain
responses to promote discussion
with family on priorities for
community skills

Discuss with the family behavioral and
medical challenges that may require
support before the initiation of
community goals

Enrichment activities
(recommendations for the family)

Increase opportunities to practice
previously taught skills (i.e.,
programmed maintenance)

Consider social support, social
services, and respite programming

Coordinate with educational programs
to facilitate ADL goals as well as
maintenance and generalization of
skills

Increase independent leisure activity
options in home

Reinforce imitation of, modeling of,
and prompting for skills targeted in
school

Identify supports needed to facilitate
social/recreational activities for the
affected individual and family

analytic principles) versus community intervention in children 18-
30 months of age with ASD. In contrast to the comparison group, chil-
dren who received ESDM had larger improvements in measures of 1Q
and adaptive behavior. (Dawson et al., 2010). It should be noted that
there is no evidence yet specifically indicating what types of develop-
mental interventions are most effective for PMS.

Individuals with PMS often require sustained input to learn new
skills in multiple domains. Structured teaching approaches may be
used/adapted from other special education approaches (e.g., ASD spe-
cific). Examples include incorporating visuals to help children plan/
execute/organize complex tasks (e.g., morning routine) and encourag-

ing gesture use.

For school-age children, we recommend small student-to-teacher
ratios, full school year teaching, and individualized instruction. Specific
programs mentioned above may be used in conjunction with family-
centered interventions (e.g., caregiver skills training) to enhance gen-

eralization and maintenance of taught skills.

2.3.2 | Communication impairment
Individuals with PMS typically present with absent or significantly dis-
ordered speech and language. Speech refers to the production of

sounds, while language refers to vocabulary, syntax, and grammar
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of words/signs. While most infants with PMS coo and babble to some
extent (Brignell et al., 2021; Philippe et al., 2008), sound and syllable
imitation may not occur, and meaningful words are unlikely to develop
in accordance with typical speech-language developmental mile-
stones. However, there can be variability, as some individuals develop
the ability to engage in conversations. Individuals with sequence vari-
ants and smaller deletions typically have stronger expressive language
(Brignell et al., 2021; Levy et al., 2022; Nevado et al., 2022; Sarasua
et al,, 2011, 2014).

In PMS, the language gap compared with the normative popula-
tion widens with age. Receptive language skills may slightly exceed
expressive language skills in people with PMS (though both are often
at or below the 12-month level; Soorya et al., 2013; Zwanenburg,
Ruiter, et al., 2016), with the caveat that overestimation of receptive
language levels is possible in individuals with severe developmental
disabilities (Brignell et al., 2021). Some individuals with PMS use
scripted phrases with good syntax and grammar that sound socially
appropriate which can lead to assumptions of more intact receptive
language.

Recommendations (Table 3).

Therapeutic interventions in PMS should prioritize efficient and func-
tional communication. We suggest directly testing receptive language
skills rather than presuming abilities based upon expressive language
skills or parent/caregiver reports on standardized measures (Brignell
et al., 2021). Those who do not demonstrate vocal imitation with the
accuracy to support intelligible speech should potentially undertake
evaluation for augmentative and alternative communication (AAC).
Use of AAC does not hinder the development of vocal language and
in fact may promote it (Romski et al., 2010).

AAC approaches include American Sign Language, idiosyncratic
sign language, picture exchange, and speech-generating devices. Eval-
uators should consider activity level, problem behaviors, vision/
hearing status, cognitive level, matching/scanning skills, gross motor/
fine motor skills, and imitation skills when determining the best com-
munication method (McGreevy et al., 2014). Selection of an approach
should prioritize communication ease rather than potential for great-
est language expansion, until the individual reaches the limits of a suc-
cessful communication system. When possible, it is important to
modify communication aids to reduce response effort on the

“speaker.”

2.3.3 | Impaired activities of daily living
Activities of daily living (ADLs) encompass everyday tasks that are
necessary for independence in serving basic human needs, such as
personal hygiene, feeding, health, household chores, leisure activities,
and time/money management. Independence in ADL skills is inher-
ently linked to development in other critical domains, such as commu-
nication, socialization, and cognition.

In PMS, complete independence in ADLs is rare, with most data

suggesting individuals with PMS demonstrate ADL skills
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commensurate with cognitive levels (De Rubeis et al, 2018;
Droogmans et al., 2020). Many older children and adults with PMS
have ADL skills that fall within the 12-24 months old range of devel-
opment (Phelan et al., 2001; Wilson et al., 2003; Zwanenburg, Ruiter,
et al., 2016), though there can be considerable heterogeneity.

Recommendations (Table 3).

Given the interconnectedness of ADLs with other areas of develop-
ment, we recommend that individuals with PMS receive routine moni-
toring, at least annually if feasible, of adaptive skills, with a focus on
increasing independence. Treatment planning should focus on devel-
oping routines around ADLs (e.g., visual schedules), teaching new
skills, and teaching compensatory strategies.

We recommend that ADL interventions occur on a daily basis and
should balance teaching new skills with maintaining previously taught
skills. It is necessary for educational and therapeutic programs to pro-
vide programming for generalization and maintenance of life skills and
social-communication skills. It is important to ensure consistency of
skills training and implementation across environments.

2.34 | Sleep disturbances

Sleep disturbances are common in PMS with a prevalence that ranges
from 24% to 75% (Burdeus-Olavarrieta et al, 2021; Nevado
et al, 2022; Philippe et al., 2008; Sarasua et al, 2014; Soorya
et al, 2013), including 58%-85% of individuals with SHANK3
sequence variants (De Rubeis et al, 2018; Moffitt et al, 2022;
Nevado et al., 2022). Sleep disturbances encompass difficulty falling
asleep, frequent night awakenings, and reduced total sleep time, simi-
lar to observations in many children with ASD (Hodge et al., 2014;
Verhoeff et al., 2018). Onset of sleep disturbances may occur as early
as at 4-5 months of life (Philippe et al., 2008). However, they are
more frequently recognized by 5 years of age (Ingiosi et al., 2019) and
particularly pronounced after 11years of age (Smith-Hicks
et al,, 2021). One-third of adults with PMS suffer from sleep distur-
bances (Verhoeven et al., 2020), and one study using the PMS Inter-
national Registry found that 54 of 60 cases (90%) of individuals
18 years and older continued to experience sleep disturbance (Moffitt
et al, 2022). In PMS, sleep disorders include parasomnias, sleep
apnea, restless leg syndrome, and periodic limb movement disorder
(Bro et al., 2017). While some patients with PMS have undergone clin-
ical nocturnal polysomnogram, the literature on sleep disturbance in
PMS largely relies on caregiver report.

Sleep disturbances may appear as part of an incipient mood disor-
der. Nighttime insomnia and daytime sleepiness may precede the
onset of mood/behavioral symptoms. In these cases, effective treat-
ment of the underlying mood disorder may be essential to addressing
the sleep disturbance.

Recommendations (Table 4).
Sleep hygiene techniques are the mainstay of improving sleep. Such

technigues may include ensuring consistent bedtime routines; reducing
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TABLE 4

Domain

Challenging
behavior and
neuropsychiatric
symptoms

Sleep

SRIVASTAVA ET AL

Behavioral interventions

Build “replacement” skills

Consider Functional Behavioral Assessment (FBA) and Functional
Communication Training (FCT) to manage challenging behaviors or
changes in behavior associated with environmental, medical, and/or
psychiatric issues

Provide predictable routines with opportunities for making choices

Monitor mood, attention, and challenging behaviors

Organize the daily agenda so that exciting, motor, and cognitive activities
occur in the afternoon up to dinner time and more relaxing activities
occur between dinner and bedtime

Avoid computer games and smartphone/tablet use, as well as demanding
tasks, before bedtime

Define a bedtime routine, including a series of activities that represent a
predictable and consistent “path to sleep” (e.g., put on pajamas, brush
teeth, play a quiet game, get into bed, read a story with caregiver, turn

Recommendations for behavior and sleep challenges in Phelan-McDermid syndrome.

Pharmacological interventions

Attention deficit, hyperactivity, and impulsivity:
alpha-agonists; methylphenidate products;
atomoxetine

Aggression: alpha-agonists; low-dose second-
generation antipsychotics (e.g., aripiprazole,
risperidone, quetiapine, olanzapine); mood
stabilizers (e.g., divalproex sodium, lamotrigine,
lithium); or benzodiazepines

Anxiety: selective serotonin reuptake inhibitors
(with extreme caution), N-acetylcysteine,
propranolol, trazodone, buspirone,
mirtazapine, gabapentin, clomipramine, or
benzodiazepines as needed

Mood cycling: mood stabilizers (e.g., divalproex
sodium, lamotrigine, lithium); second-
generation antipsychotics (e.g., aripiprazole,
risperidone, quetiapine, olanzapine) if urgent
help needed or severe symptoms present;
combination strategies; and benzodiazepine
augmentation

Catatonia: lorazepam, electroconvulsive therapy,
and mood stabilizers (divalproex sodium,
lamotrigine, lithium)

Sleep onset difficulties: melatonin

Difficulty staying asleep or early morning
wakening: 5-Hydroxytryptophan or extended-
release melatonin

Other options include clonidine, trazodone,
doxepin, mirtazapine, quetiapine, gabapentin,
benzodiazepines, zolpidem, amitriptyline, and

off the light, and go to sleep)

antihistamines

For adolescents and young adults, turn off, unplug, or remove
smartphone and other electronic devices present in the bedroom

Make the bedroom a pleasant location associated with sleep and not with

other exciting, stressful, or demanding activities

Reduce ambient light and noise to the extent possible

stimulating activities before sleep; and reducing ambient light and noise
in the bedroom. Commonly prescribed medication treatments for sleep
disturbances include melatonin (for sleep onset disturbance; though
there may be variability in actual content depending on manufacturer;
Erland & Saxena, 2017), 5-hydroxytryptophan (to promote sleep main-
tenance), alpha agonists, antidepressants (e.g., trazodone, mirtazapine,
doxepin), second-generation antipsychotics (e.g., quetiapine), gabapen-
tin, benzodiazepines, or antihistamines, either alone or in combination
(Bro et al., 2017; Kohlenberg et al., 2020). In the presence of restless
legs, consider checking ferritin levels and adding iron supplementation if
ferritin is <50 pg/L. Of note, guidelines exist for treatment of insomnia
and disrupted sleep behavior in individuals with ASD which may be
applicable here (Williams Buckley et al., 2020). For individuals where a
sleep-related breathing disorder is suspected, night-time polysomnogra-

phy should be considered.

235 |
symptoms

Challenging behavior and neuropsychiatric

Repetitive behavior and restricted interests (e.g., repetitive play, ste-
reotyped language, and inflexibility with routines) are present in peo-
ple with PMS, although generally less common than in people with
ASD. Self-injurious behaviors in PMS include head-banging, skin-
picking, and biting. Sensory reactivity symptoms are common and
most frequently characterized by hyposensitivity across sensory
domains (Droogmans et al, 2020; Serrada-Tejeda et al, 2022;
Tavassoli et al., 2021; Mieses et al., 2016). An increased pain thresh-
old is prevalent in PMS and can be associated with reduced response
to potentially dangerous injuries (De Rubeis et al., 2018).

Symptoms associated with attention-deficit/hyperactivity disor-

der (ADHD), including impulsivity, are common in PMS, although it
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may be difficult to make the diagnosis in the context of severe-
profound ID.

The exact prevalence of ADHD in PMS is not clear, but one study
showed that 16/32 (50%) cases had hyperactivity (Soorya
et al., 2013). Aggression may occur as a behavioral outcome of under-
lying discomfort or anxiety or as an incipient manic switch in bipolar
disorder.

Individuals with PMS may exhibit anxiety manifesting as disrup-
tive or repetitive behaviors when stressed by performance-related
demands, novel situations, or transitions. However, anxiety may be
difficult to assess due to cognitive and language deficits.

There are increasing reports of PMS-associated mood changes,
like irritability, depression, and mood cycling (Egger et al., 2016;
Kohlenberg et al, 2020; Kolevzon et al., 2019; Verhoeven
et al., 2020). Bipolar disorder appears to be more common among
individuals with small deletions and SHANK3 sequence variants (16%)
compared with individuals with larger deletions (3%) (Levy
et al., 2022). Typical symptoms include rapid fluctuations in mood and
activity level, periods of intense agitation and aggression, and pro-
nounced sleep and appetite disturbances. Psychosis is difficult to
assess in nonverbal individuals, but new bizarre behavior and apparent
response to auditory or visual hallucinations may occur in the context
of mood disturbance (Kohlenberg et al., 2020; Messias et al., 2013;
Verhoeven et al., 2020). The prevalence of diagnosed schizophrenia
or schizoaffective disorder in PMS is ~5% (Levy et al., 2022).

Catatonia is a presentation of unusual motor, autonomic, and
behavioral symptoms, often accompanied by profound alterations in
alertness, emotional state, and communication. There is increased risk
of catatonia among individuals with small deletions or SHANK3
sequence variants compared with those with larger deletions
(Kohlenberg et al., 2020; Kolevzon et al., 2019; Levy et al., 2022;
Verhoeven et al., 2020). Catatonic periods may involve dramatically
reduced motion and interaction (stuporous catatonia) or manifest as
continuous movement with repeated and apparently meaningless
behaviors that can include self-injury or aggression without obvious
function (excited catatonia, or delirious mania). Treatment with anti-
psychotic medication may trigger or exacerbate catatonia in PMS.
Individuals may shift between stuporous catatonia and excited catato-
nia. Malignant catatonia, accompanied by autonomic instability, can
be rapidly life threatening; the presence of muscle rigidity, fever, and
fluctuating vital signs require immediate assessment and treatment
(Dhossche & Wachtel, 2010). The diagnosis of catatonia may be over-
looked due to the overlap of some catatonia symptoms with common
features of ASD and ID, such as motor stereotypies and negativism. It
is critical to keep catatonia in mind when caregivers report deteriorat-
ing function, given implications for treatment.

The onset of neuropsychiatric difficulties may begin with dra-
matic worsening of anxiety and compulsive behaviors, and/or epi-
sodes of mania and depression. A small number of patients, mostly
male, present with severe impulsive aggression, sometimes in the con-
text of catatonia. In young women, onset of mania may be coincident
with menstrual cycles (Kohlenberg et al., 2020). In the context of

mania, new sleep difficulties can include complete insomnia lasting
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days, and mood episodes may be accompanied by the emergence of

disorganized behavior and apparent psychosis.

Recommendations (Table 4).

Behavioral interventions are the first-line treatment of aggression,
repetitive behavior, and self-injurious behaviors in PMS. An inten-
sive behavioral program based on the principles of ABA may be
necessary, irrespective of an ASD diagnosis. Because of severity
of associated ID, individuals with PMS require intensive interven-
tion and constant repetition of skills to make and consolidate
gains.

Epilepsy as well as infectious, Gl, dental, and metabolic problems
can manifest in a wide range of behaviors that may appear neuropsy-
chiatric in origin. Thorough investigation for and treatment of these
conditions is essential. Because of reduced responsiveness to sensory
stimuli such as pain, assessment for physical injury is crucial.

In terms of medication management, alpha-2 adrenergic receptor
agonists are typically recommended as first-line treatment for ADHD
symptoms in PMS. Stimulants such as methylphenidate products may
be effective but are often poorly tolerated and can lead to an exacer-
bation of anxiety and irritability. Atomoxetine and viloxazine may help
ADHD symptoms in PMS.

For anxiety and restricted and repetitive behaviors, clinicians
often attempt to treat with selective serotonin reuptake inhibitors
(SSRIs). However, individuals with PMS have a high incidence of side
effects with SSRIs, including precipitated mania or worsening agitation
(Kohlenberg et al., 2020). For this reason, we suggest either avoiding
SSRIs in PMS or using them cautiously (starting at very low doses,
using them for short periods of time, and conducting vigilant monitor-
ing for worsening agitation or sleeplessness). While anxiety disorders
are frequent in PMS, treating them is challenging, and there are no
established, or especially reliable, medications for this indication.
Anecdotal reports suggest benefit with buspirone, N-acetylcysteine,
or gabapentin in some cases. Benzodiazepines are generally avoided
for chronic anxiety but can be used on an as needed basis (i.e., PRN)
for anxiety in PMS.

Mood cycling, irritability, and aggression are likely best treated
with mood stabilizers such as divalproex sodium, lithium, or lamotri-
gine (Egger et al., 2017; Kolevzon et al., 2019; Serret et al., 2015;
Verhoeven et al., 2020). Second-generation antipsychotic medications
may help acute stabilization in these cases, but doses should be very
low (Pasini et al., 2010), given risk of precipitating catatonia and high
rates of side effects in general. Nevertheless, some individuals with
PMS and mood cycling, irritability, and/or aggression tolerate and
respond well to antipsychotics.

Catatonia responds well to established treatment protocols using
lorazepam, often at high doses, and/or electroconvulsive therapy.

The PMS Neuropsychiatric Consultation Group (https://pmsf.org/
neuropsychiatric-consultation-group/) is a valuable resource available to
all physicians to consult on their challenging cases. This group has also
developed detailed treatment recommendations available online (https://
pmsf.org/wp-content/uploads/2022/12/Combined-PMS-NCG-Pharma-
currentversion.pdf).
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2.3.6 | Regression

If regression occurs in PMS, affected areas include cognitive functioning,
daily living skills, communication skills, and other adaptive skills
(Kohlenberg et al., 2020). Regression may also affect academics (reading,
writing) and technology utilization (e.g., tablets; Kohlenberg et al., 2020).
The pathophysiology of regression in PMS is not yet known.

Anecdotal and published accounts indicate regression in PMS
may affect speech and/or language skills (Brignell et al, 2021;
Kohlenberg et al., 2020). Characteristics of speech and language
regression range from a notable reduction to complete absence of
intelligibility and word production. Language regression in individuals
with PMS typically happens around age 3 years but may also occur
later (Reierson et al., 2017). In PMS, regression in language often
occurs earlier than regression in other domains, such as motor func-
tioning and self-help skills.

Loss of ADLs can occur in regression in PMS. In one study focus-
ing on developmental regression, 53% of the sample (ages 4-48 years
old) reported a regression and loss of self-help skills, often during the
school-aged period (ages 6-12 years). The average age of regression
was 6 years, and most of the skills lost during the regression were not
regained (Reierson et al., 2017). In another study examining regression
associated with neuropsychiatric changes, psychiatric decompensa-
tion had a median age of onset of 20 years, with ~55% of individuals
reporting loss of skills, including those related to ADLs such as toilet-
ing (Kolevzon et al., 2019). Most of the time, ADLs are never fully
recovered, although individuals can regain some of their skills
(Kohlenberg et al., 2020).

Loss of skills can occur in the years after the onset of psychiatric ill-
ness in teens and young adults (Kohlenberg et al., 2020; Kolevzon
et al.,, 2019). In about half of those with regression, lost skills return
when the underlying neuropsychiatric illness is controlled, particularly if

significant rehabilitation services are available (Kohlenberg et al., 2020).

Recommendations.

At present, there are no clear methods to prevent or treat regression
but vigilant monitoring and aggressive intervention for potential trig-
gers are necessary. EEG should be considered to rule out seizures,
and brain imaging may identify structural abnormalities that could pro-
vide clues about the cause of the regression. Regression may also be
the first indication of a second genetic disorder, including MLD, where
brain MRI might be informative. If skills are lost, re-training is war-
ranted, and the specific intervention will depend on the domain/s
affected.

24 | Gastroenterology

241 | Gastroesophageal reflux, constipation/
diarrhea, encopresis

PMS is characterized by a high prevalence of Gl symptoms, including

gastroesophageal reflux (GER), constipation/diarrhea, feeding

problems, and pica (Kolevzon, Angarita, et al., 2014). Many case series
have described Gl symptoms in PMS and their effect on quality of life,
but descriptions of Gl symptom severity, range, and prevalence vary
widely across studies, and a systematic assessment with standardized
clinical criteria (e.g., Rome IV criteria) or gold-standard diagnostic test-
ing (e.g., Gl imaging, pH probe, motility studies) is lacking. Moreover,
for some Gl disorders, application of standardized clinical criteria rely-
ing on the ability to verbalize symptoms may be inadequate in PMS.
Caveats aside, rates of constipation and diarrhea in affected individ-
uals range from 19% to 84% (Hussong et al., 2020; Kohlenberg
et al.,, 2020; Witmer et al., 2019; Xu et al., 2020). Rates of GER range
from 42% to 59% (Sarasua et al., 2014; Soorya et al., 2013; Witmer
et al., 2019). In a small cohort of 17 children with PMS studied at the
National Institutes of Health (NIH), 4/17 had functional constipation,
13/17 had fecal incontinence, and 10/17 had GER, as assessed by
Rome IV criteria (Witmer et al., 2019). Additionally, 13 cases had
colonic transit studies using Sitz markers, which was abnormal in 2 of
the 13 studies completed.

Encopresis, often with concomitant enuresis, occurs commonly in
PMS, although it remains unclear what portion of affected patients
have retentive fecal incontinence (constipation subtype) versus nonre-
tentive fecal incontinence, a distinction not easily captured by ques-
tionnaires alone. In a cohort of 41 German individuals with PMS
assessed with a standardized questionnaire, 79% reported fecal incon-
tinence, but the bowel habit associations of this symptom were not
determinable (Hussong et al., 2020).

In some cases, worsening Gl symptoms may be associated with
developmental regression or neuropsychiatric decompensation. In one
cohort of patients with severe psychiatric disorders and regression,
32/38 (84%) had chronic constipation, compared with 15% of patients
in the PMS International Registry (Kohlenberg et al., 2020). In the con-
text of regression, families may describe toileting as a “lost” skill, but
this aspect of regression requires additional study (Reierson
et al., 2017).

Recommendations (Table 5).

Many individuals with PMS have a decreased response to painful
stimuli, impairing the ability to fully delineate pain sources, including
ones that are Gl-related. Thus, when symptoms like sleep disturbance,
behavioral changes, slow growth, or feeding problems are unex-
plained, we recommend a thorough Gl evaluation.

Supportive strategies that are effective in individuals without
PMS may also be helpful in PMS. Examples include sufficient soluble
fiber intake, regular physical activity, and pelvic floor PT, although
none of these therapies have been formally studied in PMS. Anecdotal
data from families and clinicians favor the use of behavioral strategies
like ABA therapy to improve toilet training and limit stool holding.

In the setting of GER, constipation, encopresis, functional vomit-
ing disorders, and other Gl disorders, we recommend early consider-
ation of gastroenterology referral. Affected individuals may have Gl
manifestations of their symptoms that are atypical compared with
those of patients usually referred to gastroenterology specialists. A

referral to a neurogastroenterologist/motility  specialist or

85U80]7 SUOWIWIOD BA 8.0 3|qeol(dde au Aq peusenob afe sejone VO ‘8sn Jo sejn. 1oy Ariq1T8UlUO 43| UO (SUONIPUOD-PLU-SLLLIBY/LID" A3 IM A eIq 1 Bul UO//:SANY) SUONIPUOD Pue swie | 8y} &8s *[£202/20/72] Uo AriqiTauluo 8|1 ‘[1zeig - 0jned 0es Jo Alun Aq ZTe€9™e Buufe/z00T 0T/I0p/wWo0 A8 | 1M AeIq Ul |UO//SANY WoJ) pepeojumod ‘8 ‘€202 ‘SE8YZSST



SRIVASTAVA ET AL

TABLE 5 Recommendations pertaining to gastroenterology
considerations in Phelan-McDermid syndrome.

Domain Recommendations

Gastroesophageal reflux,
constipation/diarrhea, and
encopresis

Consider a thorough gastrointestinal
(GI) evaluation for the following
unexplained symptoms:

. Sleep disturbance

Behavioral changes

. Slow growth

Feeding problems

EIES I

Supportive Gl strategies that are
effective in individuals without
PMS may also be helpful in those
with PMS,; including:

1. Sufficient soluble fiber intake

2. Regular physical activity as

feasible

3. Pelvic floor physical therapy

Consider an early gastroenterology
referral for the following
indications:

. Gastroesophageal reflux

. Constipation

. Encopresis

. Functional vomiting disorders

A WDN PR

When standard therapies are not
effective, consider referral to
neurogastroenterologist (motility
specialist), or gastroenterologist
specializing in
neurodevelopmental/
neuromuscular disorders

Rumination syndrome Consider nonspecific strategies,
such as introducing nonpalatable

substances via gastronomy tube

Consider behavioral approaches if
appropriate in light of cognitive
limitations

Consider further diagnostic testing,
such as antroduodenal
manometry, in more complex
cases

Liver disease Elevated transaminase levels may
indicate:

1. Autoimmune hepatitis

2. Nonalcoholic fatty liver disease

3. Drug-induced liver injury

Nutritional deficiencies Individuals with functional gastric
bypass (gastrectomy,
gastrojejunostomy, or
jejunostomy) should undergo
laboratory monitoring for:

1. Copper deficiency

2. B4, deficiency

3. Neutropenia

gastroenterologist who specializes in children with neurodevelopmen-
tal/neuromuscular disorders may be helpful, especially when standard
therapies have not been effective, although these experts may not

always be available.

medical genetics Bl WI1LEY_[ 22

2.4.2 | Rumination syndrome
Rumination syndrome, a effortless regurgitation of ingested food,
anecdotally occurs more frequently in PMS compared with the gen-

eral population.

Recommendations (Table 5).

Nonspecific strategies to improve rumination, such as introduction of
nonpalatable substances via a gastrostomy tube, have been successful
in limited cases (Severio et al., 2015). Behavioral approaches to rumi-
nation syndrome are more challenging in PMS, given their require-
ment of certain cognitive abilities. Rumination syndrome is often
difficult to diagnose, and many individuals with PMS have other fore-
gut disorders such as GER, gastroparesis, and small bowel dysmotility.
Further diagnostic testing, such as antroduodenal manometry, may be

helpful in more complex cases.

2.4.3 | Liverdisease

Autoimmune hepatitis (AlH) is a rare complication of PMS, with only
two reported cases (Bartsch et al., 2010; Tufano et al., 2009). A query
of the Phelan-McDermid Syndrome Data Network (PMS-DN) in 2021
found that 0/389 cases answered “yes” to having “Autoimmune Liver
Failure” (unpublished data). The prevalence of AIH is about 1/10,000
in the general population (Francque et al., 2012). Given the rarity of
PMS, even two instances of AIH may represent increased risk. How-
ever, given the rarity of these diagnoses, routine monitoring of trans-
aminases is not likely to be helpful.

Liver dysfunction in PMS can sometimes be due to nonalcoholic
fatty liver disease, which is characterized by hepatic steatosis not sec-
ondary to known causes like alcohol consumption, medication use, or
genetic liver disease. There is report of a 20-year-old male with a
22q13.33 deletion including SHANKS3, ID, epilepsy, and digestive
problems who developed transaminitis, with liver ultrasound showing

findings consistent with moderate steatosis (Boccuto et al., 2018).

Recommendations (Table 5).

In individuals with PMS and elevated transaminase levels, consider AIH
and nonalcoholic fatty liver disease as possible causes. Other diagnostic
possibilities include drug-induced liver injury, given the high degree of
polypharmacy in patients with neurodevelopmental disorders.

Gl manifestations of NF2

Individuals with ring chromosome 22 can rarely develop Gl manifestations
of NF2, such as Gl nerve sheath tumors (Lasota et al., 2003). Individuals
with NF2 do not have a higher risk of developing Gl neurofibromatosis or
Gl stromal tumors characteristic of NF1. No specific endoscopic monitor-
ing is recommended for screening for such tumors in NF2.

Pica
Pica and mouthing of nonfood items occur in >50% of individuals with
PMS (De Rubeis et al., 2018). In the aforementioned NIH cohort, 2/17
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individuals underwent esophagogastroduodenoscopy for removal of

pica-related foreign body (Witmer et al., 2019).

2.4.4 | Nutritional deficiencies

PMS can predispose affected individuals to certain nutritional defi-
ciencies. Some may develop zinc deficiency, possibly related to the
association of SHANKS3 with zinc uptake proteins in the CNS and Gl
tract (Pfaender et al., 2017). Feeding via gastrojejunostomy tube may
raise the risk of copper and B4, deficiency, due to bypass of the stom-
ach. This effect may be exacerbated by zinc supplementation, so
those with zinc deficiency should also receive additional copper sup-
plementation (Duncan et al., 2015). Copper deficiency itself can cause

neutropenia.

Recommendations (Table 5).

Individuals with PMS and functional gastric bypass (gastrectomy, gas-
trojejunostomy, or jejunostomy) should undergo periodic laboratory
monitoring for copper deficiency, B1, deficiency, and neutropenia. In
addition to nutritional supplementation, behavioral strategies

(e.g., ABA) are also recommended for treating pica.

2.5 | Primary care

2.5.1 | Spectrum of primary care issues

Children and adults with PMS can have multiple physical health
issues commonly encountered in primary care. In this section, we will
focus on vision, hearing, thermoregulation, immune system, and skin-
related issues. Between 6% and 29% of individuals with PMS have
strabismus (Xu et al., 2020; Sarasua et al., 2014; Soorya et al., 2013),
and 3%-57% have ptosis (Phelan et al., 2001; Sarasua et al., 2014;
Soorya et al., 2013). The incidence of hearing loss is ~3% (Samogy-
Costa et al., 2019; Xu et al., 2020). Conductive hearing loss caused by

TABLE 6
Cause of PMS Domain Recommendations
Any cause of PMS Screening/
surveillance

Heat sensitivity

eustachian tube dysfunction may be amenable to myringotomy tube
placement. In the presence of NF2 manifestations due to ring chro-
mosome 22, vestibular schwannomas may lead to sensorineural hear-
ing loss (Ardern-Holmes et al., 2017). Thermoregulatory differences
include overheating or turning red easily (De Rubeis et al., 2018;
Sarasua et al., 2014; Xu et al.,, 2020) and decreased perspiration
(De Rubeis et al., 2018; Sarasua et al., 2014; Xu et al., 2020). Recur-
rent infections, including upper respiratory infections (URIs) and ear
infections, occur at rates of up to 60% in PMS (De Rubeis et al., 2018;
Dhar et al., 2010; Samogy-Costa et al., 2019; Soorya et al., 2018; Xu
et al., 2020). URIs and ear infections may be related to difficulty with
sputum clearance and hypotonia (Phelan et al., 2001). In patients
with recurring infections, immunodeficiency may be contributory, as it
affects up to 12% of patients with PMS (Sarasua et al., 2014; Soorya
et al., 2013; Xu et al., 2020). The incidence of cellulitis is 7%, based on
one study (Sarasua et al., 2014). Atopic disease includes food allergies,
asthma, and eczema (De Rubeis et al., 2018; Xu et al., 2020). Café au
lait macules and skin tumors may be present in the setting of ring
chromosome 22 leading to symptoms of NF2 (Ardern-Holmes
et al., 2017). The prevalence of lymphedema increases with age and
predominantly affects teenagers and adults (Dhar et al, 2010;
Nesslinger et al, 1994; Samogy-Costa et al., 2019; Sarasua
et al., 2014; Soorya et al., 2013; Xu et al., 2020).

Recommendations (Table é).

For these medical concerns, we recommend standard management.
To evaluate for refractive errors and strabismus, we recommend oph-
thalmology evaluation at the time of diagnosis and then yearly (which
is also recommended for individuals with ring chromosome 22). To
screen for hearing loss, we recommended audiology evaluation at the
time of diagnosis and annually in the case of ring chromosome 22. We
recommend avoiding extreme temperatures, providing adequate
hydration, and using equipment such as fans and cold packs in hot
environments. Thermoregulatory differences, which predispose to
skin redness, can sometimes mask cellulitis. Having high clinical suspi-

cion for cellulitis and starting timely treatment is important. We

Recommendations pertaining to primary care considerations in Phelan-McDermid syndrome.

Refer to ophthalmology at the time of diagnosis for yearly evaluations
Refer to audiology at the time of diagnosis

Counsel on protective measures against overheating: avoid extreme temperatures; provide adequate

hydration; use fans and cold packs in hot environments

Skin infection

Counsel of protective measures against skin infection: appropriately clean skin breakdown; moisturize-

affected areas; use protective clothing

Lymphedema

Counsel on strategies for addressing lymphedema: exercise; maintain healthy body mass index; use

custom fitted compression garments to reduce extremity volume and slow disease progression

Ring chromosome 22 Screening/

surveillance

Refer to ophthalmology at the time of diagnosis for yearly evaluations

Refer to audiology at the time of diagnosis for yearly evaluations

Refer to dermatology at the time of diagnosis for yearly evaluations

Note: Recommendations pertaining to ring chromosome 22 are in addition to those pertaining to any cause of PMS.

85U80]7 SUOWIWIOD BA 8.0 3|qeol(dde au Aq peusenob afe sejone VO ‘8sn Jo sejn. 1oy Ariq1T8UlUO 43| UO (SUONIPUOD-PLU-SLLLIBY/LID" A3 IM A eIq 1 Bul UO//:SANY) SUONIPUOD Pue swie | 8y} &8s *[£202/20/72] Uo AriqiTauluo 8|1 ‘[1zeig - 0jned 0es Jo Alun Aq ZTe€9™e Buufe/z00T 0T/I0p/wWo0 A8 | 1M AeIq Ul |UO//SANY WoJ) pepeojumod ‘8 ‘€202 ‘SE8YZSST



SRIVASTAVA ET AL

recommend skin infection prevention measures, including appropri-
ately cleaning skin breakdown, moisturizing the affected area, and
using protective clothing. In those with ring chromosome 22, we rec-
ommend annual evaluation by a clinician experienced in neurofibro-
matosis to screen for skin tumors and other stigmata of NF2. For
lymphedema, certain measures can reduce extremity volume and slow
disease progression, such as exercise, maintenance of normal body
mass index, elevation of an affected limb, and use of custom-fitted
compression garments (see Section 2.6). Surgical intervention for
lymphedema is a consideration if conservative management fails
(Greene et al., 2020).

In general, the primary care physician plays a critical role in asses-
sing caregiver abilities, socioeconomic needs, and the coordination of
care among multiple specialists and therapists. Not every practice is
equally equipped and staffed for patients with complex and/or special
needs, and families should discuss practice capacity in advance. A
“medical home” model is desirable; where available, “complex care”
physicians and practices with enhanced access to resources such as
care coordinators, social work, and home care should be considered.

2.6 | Physiatry
2.6.1 | Spectrum of neuromuscular and mobility
impairments

Individuals with PMS can experience significant neuromuscular
impairments and decreased mobility. In a review of clinical data from
17 individuals with PMS evaluated by physicians and therapists at the
NIH Clinical Center Rehabilitation Medicine Department, common
challenges included joint hypermobility, often generalized but with
notable pes planovalgus, and difficulty running more than 150 yards
(137 m). Features which were less common but still present were
genu valgus (likely secondary to the pes planovalgus), frequent falls,
and difficulty walking more than 1 mi (1.6 km), and leg length discrep-
ancies (unpublished data). The mechanisms underlying this motor dys-
function are unclear, but joint hypermobility may suggest connective
tissue pathology as one possible contributing factor (Geuze, 2005;
Johnston et al.,, 2002); another contributing factor may be the fact
that SHANKS plays a role in the maturation of neuromuscular junc-
tions and striated muscle (Lutz et al., 2020; Raab et al., 2010).

Recommendations (Table 7).

Surveillance to identify physical impairments. We recommend annual
evaluations with a physiatrist, if feasible. When there is no available
physiatrist, other specialists such as developmental pediatricians or
orthopedists may be able to play this role, in consultation with a
remotely available pediatric physiatrist. Examination should include
assessment of (1) range of motion and alignment, (2) spinal asymmetry
and pelvic obliquity, and (3) leg length discrepancy. If there is a con-
cerning clinical finding, imaging (plain radiographs in most cases) can
verify the finding and assess its severity. We recommend monitoring

gait efficiency (e.g., speed, cadence, symmetry, and step/stride length)

medical genetics B W1 LEY_[

TABLE 7 Recommendations pertaining to physiatry
considerations in Phelan-McDermid syndrome (PMS).

Domain Recommendations

Consider evaluation by physiatry at the time of
diagnosis and annually, if feasible

Screening/
surveillance

Annual assessment should evaluate range of
motion and alignment; spinal asymmetry and
pelvic obliquity; and leg length discrepancy

Physiatry can monitor gait efficiency (e.g., speed,
cadence, symmetry, step/stride length) and
stability; assess reach and grasp; and assess for
lymphedema in upper and lower limbs

Helpful Depending on the motor impairment in the
equipment individual, consider orthoses for the upper
and/or lower extremities to improve function

In individuals with significant swelling due to
lymphedema, consider compression garments,
massage, and sequential pumps

Consider mobility equipment (e.g., adaptive
strollers) if needed as soon as the person is
beginning to outgrow a standard infant/toddler
stroller

Therapeutic
interventions

Physical therapy (PT) should focus on gross
motor activities which promote strength and
improve reaction time

Other modalities which improve gross motor
skills include aquatherapy, hippotherapy, and
use of adaptive tricycles

Occupational therapy (OT) should focus on fine
motor activities which improve strength, wrist
and hand alignment, and reaction time

In a school setting, PT and OT should address
musculoskeletal impairments and physical
disabilities that impact education and
performance

and stability; assessing reach and grasp; and assessing for lymph-
edema in both upper and lower limbs.

Equipment. Depending on the motor impairment in the individual, we
recommend considering orthoses for the upper and/or lower extremi-
ties to improve function. It is important to minimize the level of brac-
ing, given that individuals with PMS can have sensory integration
challenges that may impact their ability to tolerate high contact,
restrictive orthoses. In the upper limbs, if there are indications of
immature and/or overly tense grasp, we recommend considering soft
neoprene wrist hand orthoses. If these are insufficient, a minimal rigid
orthosis, such as a thumb spica, may be a suitable alternative. In the
lower limbs, we recommend considering shoe insert (plantar contact)
orthoses to address foot and ankle misalignment once the individual is
reliably bipedal. If plantar contact orthoses are insufficient to achieve
functional goals, then minimum rigid orthoses (supramalleolar ortho-
ses or University of California-Berkeley Lab [UCBL] orthoses) are
alternatives. A certified orthotist or pedorthist can make custom adap-

tations to prefabricated orthoses made in neutral alignment. However,
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it may be difficult to obtain accurate molds for custom-molded ortho-
ses due to cognitive, behavioral, and/or sensory issues interfering
with the acquisition of the mold.

We recommend mobility equipment (e.g., adaptive strollers) if
needed to facilitate long-distance mobility as soon as the person is
beginning to outgrow a standard infant/toddler stroller. This type of

equipment eases the burden on parents/caregivers.

Therapeutic interventions. Different types of developmental therapies
may be helpful for individuals with PMS. PT should focus on gross
motor activities which promote strength and improve reaction time.
Examples of other modalities which improve gross motor skills include
aquatherapy, hippotherapy, and use of adaptive tricycles. Occupa-
tional therapy (OT) should focus on fine motor activities which
improve strength, wrist and hand alignment, and reaction time.

In individuals with significant swelling due to lymphedema, con-
sider compression garments, massage, and sequential pumps. Choos-
ing an appropriate therapy must account for issues of tolerance to
tactile stimuli. Serial measurement of limb volume (circumferential
tape measure, perometry, or bioimpedance) can help track effective-
ness of the chosen therapy for lymphedema.

In a school setting, PT and OT should address musculoskeletal
impairments and physical disabilities that impact education and per-
formance. Establishing and addressing these goals in the school set-
ting is required by the Individuals with Disabilities Education Act
(IDEA) in the United States.

2.7 | Nephrology and urology

2.7.1 | Spectrum of renal and genitourinary issues
The most common nonstructural genitourinary abnormality is delayed
or persistent incontinence, common in PMS (Hussong et al., 2020;
Witmer et al., 2019). Individuals with large chromosomal deletions
may be more likely to have urinary or bowel incontinence compared
with those with small chromosomal deletions (Witmer et al., 2019).
The degree to which incontinence in PMS might be a nonspecific fea-
ture common among individuals with neurodevelopmental disorders
(von Gontard, 2013; von Gontard et al., 2015) is unclear, although
general therapeutic and practical approaches will be similar.

Structural renal abnormalities and genitourinary problems are rel-
atively common in PMS, with rates reported as high as 38% (Soorya
et al,, 2013). However, few studies have systematically examined the
prevalence of these problems, and none have used prospective
methods. On a comprehensive review of medical records from
32 patients in one study, renal abnormalities included vesicoureteral
reflux (13%), hydronephrosis (13%), renal agenesis (6%), dysplastic kid-
ney (3%), and horseshoe kidneys and pyelectasis (3%) (Soorya
et al., 2013). Another study documented renal problems in 39 of
148 cases (26%), including vesicoureteral reflux (14%), frequent uri-
nary tract infections (8%), polycystic kidney (5%), duplicated kidney
(1%), and dilated renal pelvis (5%); some of the renal problems

remained unspecified because in 19% of the cases, the kidney prob-
lem was unclassified (“other”) whether alone or in combination with a
different (specified) kidney problem (Sarasua et al., 2014). A third
study on ring chromosome 22 specifically reported that 17% of the
cohort had renal abnormalities in the context of genitourinary abnor-
malities, including neonatal urinary infection and malformed clitoris,
vesicoureteral reflux, unilateral multicystic kidney, and “partial renal
failure” of unknown cause (Jeffries et al., 2005). There is at least one
report of an affected child with a unilateral multicystic kidney and
Wilms' tumor in the contralateral, unaffected kidney, as detected with
prenatal ultrasound (Kirkpatrick & El-Khechen, 2011).

Anecdotal evidence from PMS parent groups, albeit outside pub-
lished literature, suggests that other abnormalities may occur. There
are reports of hypospadias, persistent urinary leakage beyond inconti-
nent voiding, kidney stones, urinary retention, and neurogenic bladder

with need for intermittent urinary catheterization.

Recommendations (Table 8).

At the time of diagnosis, all individuals with PMS should undergo
blood pressure measurement and a complete physical exam (including
evaluation of the external genitourinary tract). At the time of diagno-
sis, affected individuals should also undergo renal and bladder sonog-
raphy. Fetal sonography should not serve as a substitute for a
postnatal study, since renal development may be incomplete depend-
ing on the age of the fetal ultrasound and since resolution is better
with a direct study of the affected individual. Historical observation

data suggest that those with SHANK3 sequence variants or small

TABLE 8 Recommendations pertaining to renal and genito-
urinary considerations in Phelan-McDermid syndrome.

Domain Recommendations

At the time of diagnosis, perform a complete
physical exam (including evaluation of the
external genitourinary tract) and blood pressure
measurement

Screening/
surveillance

At the time of diagnosis, perform renal and bladder
sonography

If any of the diagnostic screening tests are
abnormal, refer to pediatric nephrology and/or
urology for monitoring or treatment

Consider vesicoureteral reflux if there is urinary
tract infection at a young age or recurrent
urinary tract infections

General

If there are urinary symptoms beyond periodic
incontinence that develop over time—such as
“dribbling,” signs of urinary retention, or
difficulty voiding—perform repeat renal and
bladder sonography and refer to nephrology or
urology

Family and primary care team should have
communication in advance with the specialist
prior to the appointment, given that the
genitourinary system is a physically and
emotionally sensitive area
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deletions involving only SHANK3 are not likely to have a clinically rele-
vant renal or bladder abnormality at birth. Thus, in the future, it may
be possible to revise this recommendation for that specific subgroup
of patients with PMS if active screening programs support that
observation.

Regardless of genetic findings and despite a normal baseline renal
and bladder ultrasound, it is possible that renal/urological pathology
could exist or emerge at a later time. For example, renal and bladder
sonography may be normal in the setting of vesicoureteral reflux;
therefore, urinary tract infection at a young age or recurrent urinary
tract infections (UTIs) should prompt consideration of this diagnosis.
Urinary symptoms beyond periodic incontinence that develop over
time—such as “dribbling,” signs of urinary retention, or difficulty
voiding—should prompt repeat renal and bladder sonography and
referral to nephrology or urology.

If any of the diagnostic screening tests are abnormal, then we rec-
ommend referral to a pediatric nephrologist and/or urologist for moni-
toring or treatment. Blood tests (e.g., urea, creatinine, and
electrolytes) may be indicated for those individuals with identified
renal anomalies or bladder/voiding dysfunction, as these conditions
may lead to reduced renal function. Attention to the ability of the
individual to empty the bladder and void spontaneously is important,
as is attention to constipation, which is commonly associated with
voiding dysfunction. Specific review of urinary continence, hygiene,
and presence/absence of UTls between visits is advised.

The genitourinary system is a physically and emotionally sensitive
area, and its assessment adds to the existing stress of a medical visit.
Therefore, we recommend communication in advance by the family
and primary care team to the specialist. Ideally, this approach will help
organize information, guide any evaluations that can occur before the
visit, and enable the best possible experience during the visit itself.

2.8 | Endocrinology

2.8.1 | Shortand tall stature

Growth is the most studied endocrine aspect of PMS. Up to 18%
(Sarasua et al., 2014) of individuals with PMS have a history of low
birth weight (<2.5 kg). The prevalence of short stature (<5th percen-
tile) and tall stature (>95th percentile) is up to 13% and 31%, respec-
tively (Nevado et al., 2022; Rollins et al., 2011; Soorya et al., 2013).
There is a trend of decreasing stature with advancing age (Sarasua
et al., 2014; Rollins et al., 2011). One study reported that tall stature
was more common in children younger than 10 years (13%, 9/71) ver-

sus older than 10 years of age (0%) (Sarasua et al., 2014).

Recommendations (Table 9).

An accurate assessment of growth parameters and growth trajectory
is essential. We recommend obtaining and recording gestational age,
birth weight, birth length, and birth head circumference. For longitudi-
nal assessments of length and height, appropriate measuring devices
(such as a stadiometer) should be used. We recommend monitoring
height, weight, and body mass index using standard growth curves

medical genetics Bl W1 LEY_[ 2%

TABLE 9 Recommendations pertaining to endocrine
considerations in Phelan-McDermid syndrome.

Domain Recommendations

Screening/surveillance At the time of diagnosis, note
gestational age, birth weight, birth
length, and birth head

circumference

If newborn screening did not occur,
test thyroid function to establish a
baseline; otherwise, thyroid
function tests are only needed if
clinically indicated

Short/tall stature Assess length and height using
appropriate measuring devices

such as a stadiometer

Monitor height, weight, and body
mass index using standard growth
curves (e.g., from the Centers for
Disease Control)

Refer to endocrinology if there are
concerns about growth (short or
tall stature)

Precocious/delayed puberty
and other hormonal
findings

Refer to endocrinology if there are
concerns about precocious or
delayed puberty

(such as those from the US Centers for Disease Control). If there are
concerns about growth (short or tall stature), then referral to an endo-

crinologist is indicated.

2.8.2 | Hypothyroidism

Hypothyroidism occurs in 3%-6% of individuals with PMS (Sarasua
et al., 2014; Soorya et al., 2013), but more studies are needed to clar-
ify if this risk is increased compared with that of the general popula-
tion. There are no reports of children younger than 5 years of age
with PMS and hypothyroidism, suggesting that congenital hypothy-
roidism may not be common. There is a report of one individual with
PMS and hyperthyroidism (Sarasua et al., 2014).

Recommendations (Table 9).

Newborn screening plays a crucial role in diagnosing congenital hypo-
thyroidism, including in those with PMS. If newborn screening did not
occur, we recommend thyroid function tests upon initial diagnosis of
PMS. Otherwise, we suggest considering thyroid function tests when

clinically indicated.

2.8.3 | Precocious/delayed puberty and other
hormonal findings

In one cohort, 12% of cases had central precocious puberty (CPP), more
frequently in females (Sarasua et al., 2014). There are no reports in the
literature of PMS-associated delayed puberty. There are rare reports of
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PMS associated with hypoglycemia of unclear etiology (De Rubeis
et al, 2018), diabetes mellitus (Bonaglia et al, 2011; Sarasua
et al,, 2014), and central diabetes insipidus (Barakat et al., 2004).

Recommendations (Table 9).

It is important to monitor and record appearance of pubertal signs (acne,
body odor, axillary and pubic hair, breast development in girls, and testic-
ular volume in boys) and age at menarche. Recording these data will
allow the correlation of pubertal events with linear growth data. If there
are concerns about precocious or delayed puberty, referral to an endocri-
nologist is warranted. Evaluation for hypoglycemia, diabetes mellitus, and
central diabetes insipidus is based on clinical symptoms.

29 | Cardiology

2.9.1 | Spectrum of cardiovascular issues

Knowledge about cardiovascular abnormalities in PMS is limited, as
most clinical reports have not included detailed information about car-
diovascular structure and function. There are no published data on
systematic prospective cardiovascular evaluations in large or longitu-
dinal cohorts of individuals with PMS.

PMS may have variable and nonspecific cardiovascular abnormali-
ties requiring medical and/or surgical intervention. One review of
107 cases from the literature described occasional reports of congenital
heart defects, such as patent ductus arteriosus and ventricular septal
defect (Cusmano-Ozog et al., 2007). Another review described cardiac
abnormalities in >25% of affected individuals (including tricuspid valve
regurgitation, atrial septal defect, patent ductus arteriosus, and totally
anomalous pulmonary venous connection; Phelan & McDermid, 2012).
Among 30 individuals with ring chromosome 22, four (13%) had cardio-
vascular abnormalities: two with patent ductus arteriosus and two with
totally anomalous pulmonary venous connection (Jeffries et al., 2005).
In a prospectively ascertained sample of 32 patients with PMS, only
one patient had a cardiovascular abnormality (aortic regurgitation; valve
morphology not described; Soorya et al.,, 2013). Recent case reports
have reported the following: a 4-month-old girl with PMS secondary to
a 22g13.3 deletion who underwent surgical ligation of a patent ductus
arteriosus at 3 weeks of age (Kim et al., 2016); a 32-year-old man with
PMS who presented with postictal atrial fibrillation (Sanchez-Larsen
et al,, 2017), a very infrequent cardiac arrhythmia associated with sei-
zures; and a 33-month-old girl with PMS who had one episode of sup-
raventricular tachycardia, progressive dilation of the ascending aorta (Z-
score + 4.6) and main pulmonary artery (Z-score + 3), and an aortic

root dimension at the upper limit of normal (Deibert et al., 2019).

Recommendations (Table 10).

As part of the initial evaluation in all patients with PMS, we recom-
mend a standard cardiac evaluation, including a detailed physical
examination, electrocardiography, and echocardiography. Most, if not
all, cardiac defects associated with PMS are congenital. If the initial
work-up is unrevealing, subsequent work-ups are only necessary if
there are clinical changes.

TABLE 10 Recommendations pertaining to cardiovascular
considerations in Phelan-McDermid syndrome.

Domain Recommendations
Screening/ At the time of diagnosis, refer to cardiology for
surveillance standard cardiac evaluation (detailed physical
examination, electrocardiography, and
echocardiography)

If the initial work-up is unrevealing, subsequent
work-ups are only necessary if there are clinical
changes

210 | Gynecology
2.10.1 | Spectrum of gynecological issues

Individuals with PMS can have reproductive tract conditions com-
monly seen in their age group but not necessarily specific to the disor-
der. It is currently unknown if individuals with PMS enter puberty
earlier, later, or around the same time as nonaffected peers. In one
PMS cohort, 12% of cases had CPP, more frequently in females
(Sarasua et al., 2014), and there are no reports of delayed puberty.
There is anecdotal evidence that puberty may be associated with
worsening of neuropsychiatric symptoms, especially in girls
(Kohlenberg et al., 2020). Menstruation can present significant chal-
lenges for a person with physical disability and ID (Greenwood &
Wilkinson, 2013). Adolescents/adults with PMS may suffer from pre-
menstrual syndrome and dysmenorrhea at similar rates as the general
population. As with adolescents/adults with other developmental dis-
abilities, individuals with PMS may have medical causes of menstrual
irregularities, including thyroid disease, elevated prolactin levels due
to antipsychotic use, and polycystic ovary syndrome in the setting of
epilepsy and/or use of certain antiseizure medications. Behavioral and
hygiene issues that accompany menstrual periods can cause signifi-

cant challenges for individuals with ID.

Recommendations (Table 11).

As there is no specific literature regarding gynecologic care for individ-
uals with PMS, we recommend general best practices appropriate for
individuals with developmental disabilities. According to the American
College of Obstetricians and Gynecologists (ACOG), “optimal gyneco-
logic health care for adolescents with disabilities is comprehensive; main-
tains confidentiality; is an act of dignity and respect toward the patient;
maximizes the patient's autonomy; avoids harm; and assesses and
addresses the patient's knowledge of puberty, menstruation, sexuality,
safety, and consent. When possible, the patient should have the oppor-
tunity to be interviewed in private” (American College of Obstetricians
and Gynecologists' Committee on Adolescent Health Care, 2016).

We do not recommend premenarchal suppression of menses. We
recommend menstrual suppression if there is a desire to reduce the vol-
ume and frequency of menstrual flow (see Table 1 of ACOG guidelines on
menstrual suppression; https://www.acog.org/clinical/clinical-guidance/
clinical-consensus/articles/2022/09/general-approaches-to-medical-
management-of-menstrual-suppression). For premenstrual dysphoric
mood and physical discomfort associated with menses, we recommend

85U80]7 SUOWIWIOD BA 8.0 3|qeol(dde au Aq peusenob afe sejone VO ‘8sn Jo sejn. 1oy Ariq1T8UlUO 43| UO (SUONIPUOD-PLU-SLLLIBY/LID" A3 IM A eIq 1 Bul UO//:SANY) SUONIPUOD Pue swie | 8y} &8s *[£202/20/72] Uo AriqiTauluo 8|1 ‘[1zeig - 0jned 0es Jo Alun Aq ZTe€9™e Buufe/z00T 0T/I0p/wWo0 A8 | 1M AeIq Ul |UO//SANY WoJ) pepeojumod ‘8 ‘€202 ‘SE8YZSST



SRIVASTAVA ET AL

consideration of combined hormonal contraceptives (Lete &
Lapuente, 2016). If abnormal uterine bleeding is present, we recom-
mend an evaluation for underlying medical causes before initiation of
menstrual management. In addition, caution should be exercised with
patients taking antiseizure medications, as some decrease the efficacy
of oral contraceptives (e.g., carbamazepine, oxcarbazepine, topiramate).

In terms of preventative care, the American Cancer Society's 2020
guidelines state that cervical cancer screening (human papillomavirus
[HPV] testing or HPV/Pap cotesting) should occur every 5 years
between age 25 and 65 years (Fontham et al., 2020). The Centers for
Disease Control recommends HPV vaccination for males/females at
age 11-12 years or at a time-point through age 26 years if they have
not received adequate vaccination previously (Meites et al., 2019).

211 | Dentistry

2111 | Spectrum of dental issues

Medical and behavioral features associated with PMS can have ramifica-
tions for dental care. Hypotonia, commonly observed in PMS (Kolevzon,
Angarita, et al., 2014), may affect chewing muscles. As a result, affected
individuals may have issues with drooling, gagging, and swallowing, com-
plicating oral care (Developmental Disabilities & Oral Health | National
Institute of Dental and Craniofacial Research, n.d.,, https://www.nidcr.
nih.gov/health-info/developmental-disabilities). GER may cause teeth to
become overly sensitive or display signs of erosion (Ranjitkar et al., 2012).
During some types of seizures, individuals may chip their teeth or bite
their tongue/cheeks (Developmental Disabilities & Oral Health | National
Institute of Dental and Craniofacial Research, n.d., https://www.nidcr.nih.
gov/health-info/developmental-disabilities). Some of the most commonly

reported repetitive behaviors seen in PMS include chewing/mouthing

TABLE 11 Recommendations pertaining to gynecological
considerations in Phelan-McDermid syndrome.

Domain Recommendations
Screening/ Screening for cervical cancer (human
surveillance papillomavirus [HPV] testing or HPV/Pap co-
testing) should occur every 5 years between
ages 25-65 years
HPV vaccination should occur at age 11-12 years,

or at a time point through age 26 years if there
is inadequate previous vaccination

General If abnormal uterine bleeding is present, evaluate

for underlying causes before initiation of
menstrual management

We do not recommend premenarchal suppression
of menses

Consider menstrual suppression if there is a desire
to reduce the volume and frequency of
menstrual flow

Consider combined hormonal contraceptives for
premenstrual dysphoric mood and physical
discomfort associated with menses
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objects and teeth grinding (bruxism), indicating a possible need for oral
intervention (Soorya et al., 2013).

Individuals with PMS can also have dental challenges that are com-
mon across the neurodevelopmental disability spectrum, including tooth
decay, periodontal disease, malocclusion, delayed tooth eruptions, oral
trauma/injury, and various oral malformations (Developmental Disabil-
ities & Oral Health | National Institute of Dental and Craniofacial
Research, n.d., https://www.nidcr.nih.gov/health-info/developmental-
disabilities). As with other children with developmental disabilities
(Norwood et al., 2013), some of the risk factors that place individuals
with PMS at greater risk of developing dental diseases include depen-
dence on a caregiver for oral hygiene; behavioral challenges preventing
oral hygiene; impaired salivary function resulting in xerostomia due to
use of certain medications, and the use of medications high in sugar
content, increasing risk of tooth decay.

Difficulty in receiving consistent and comprehensive oral care
may be a critical barrier for individuals with PMS. According to the
American Academy of Pediatric Dentistry (AAPD), many dentists are
less willing to treat patients with special needs due to their compli-
cated health histories, decreased neuromotor control, requirement for
increased appointment and procedure time, and possible need
for sedation and anesthesia for dental care (American Academy of
Pediatric Dentistry, 2022b). According to the National Survey of Chil-
dren with Special Health Care Needs, dental care is one of the most
common unmet areas for children with special needs (U.S. Depart-
ment of Health and Human Service, Health Resources and Service
Administration, Maternal and Child Health Bureau, 2013).

Recommendations (Table 12).

Reducing the risk of developing oral disease is an integral part of com-
prehensive oral healthcare for individuals with PMS. The AAPD pub-
lishes best practices and clinical guidelines related to the management
of dental patients with special healthcare needs. These recommenda-
tions outline important components of dental care such as establish-

ment of a dental home, patient assessment, appointment scheduling,

TABLE 12 Recommendations pertaining to dentistry
considerations in Phelan-McDermid syndrome (PMS).

Domain Recommendations
Screening/ Establish a dental home during the first year of
surveillance age, no later than 6 months after the first tooth
erupts
Schedule routine dental visits every 6 months, or
sooner, depending on the child's the risk of
developing cavities or gum disease
General Use fluoridated toothpaste daily

Provide education on dietary/medication
considerations (such as medications with high
sugar content) and oral habits (such as bruxism)

Discuss treatment strategies for dental care,
including behavior guidance and options for
treatment in a hospital setting with deep
sedation or general anesthesia
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TABLE 13 Definitions of commonly used genetics terms.

Term

Aneuploidy

Autosomal

Autosomal dominant

Autosomal recessive

Balanced chromosomal
rearrangement

Chromosomal inversion

Chromosomal microarray

Chromosomal rearrangement

Chromosomal translocation

De novo

Exome sequencing

Fluorescence in situ hybridization

Genome sequencing

Gonadal mosaicism (also known as
germline mosaicism)

Haploinsufficiency

Interstitial deletion
Karyotype
Mosaic aneuploidy

Next-generation sequencing

Ring chromosome

Sequence variant

Somatic variant
Terminal deletion

Unbalanced chromosomal
rearrangement

Variable expressivity

Variant of uncertain significance

medical considerations, dental treatment planning, informed consent,
behavior guidance, preventive treatment strategies, barriers, referrals,
and transition to adult dentistry (American Academy of Pediatric Den-

tistry, 2022a). We have largely adapted these recommendations here.

Definition

A condition in which the total number of chromosomes in a cell is not the typical number (e.g., 45
chromosomes instead of 46 in a human cell)

Pertaining to chromosomes 1-22 and not to the X or Y chromosome

An autosomal mode of inheritance of a genetic condition in which only one copy of a gene must be
abnormal for a condition to manifest

An autosomal mode of inheritance of a genetic condition in which both copies of a gene must be abnormal
for a condition to manifest

Chromosomal rearrangement (see definition) in which the total amount of DNA is the same (i.e., there is no
net gain or loss of genetic material)

Chromosomal rearrangement in which a portion of one chromosome inverts (rotates 180 degrees)

A test that uses binding of probes (DNA fragments arranged on a chip) to detect deletions or duplications of
chromosomal material at a higher resolution than that of fluorescence in situ hybridization or karyotype

Alteration in the chromosomal material in which parts of chromosomal material are deleted (missing),
duplicated (extra), inverted (rotated 180 degrees), or translocated (exchanged or shifted from one
chromosome to another)

Chromosomal rearrangement in which part of a chromosome becomes incorporated into another
chromosome

Inheritance status of a variant indicating that it is present in an individual but not in either parent

A type of next-generation sequencing (see definition) involving sequencing the coding portions (exons) of all
genes within the genome (i.e., exome)

A test that uses fluorescent probes to bind to chromosomes to assess for the presence, absence, and
position of specific DNA regions

A type of next-generation sequencing (see definition) involving sequencing the coding and noncoding
portions of all genes and the regions between genes (i.e., genome)

A state in which a variant is present in either sperm or egg cells, but not in other tissue types

A state in which loss of function of one copy of a gene or genetic region is sufficient to cause symptoms of a
genetic disorder

A chromosomal deletion within the interior of a chromosome
A test that using a microscope to visualize the size, shape, and number of chromosomes in an individual
Aneuploidy (see definition) which affects some cells, but not every cell, in the body

Term used for sequencing of DNA that involves sequencing many DNA targets in parallel, in contrast to
traditional (Sanger) sequencing which involves sequencing one DNA target at a time

A circular structure formed when the distal long arm and the distal short arm of a chromosome truncate and
join

A change in the DNA sequence within a gene, involving one or several nucleotides, manifesting as
substitutions of one nucleotide for another; deletion of one or more nucleotides; duplication of one or

more nucleotides; insertion of one or more nucleotides; or deletion of one or more nucleotides and
replacement by new nucleotides

A variant that is present in some cells, but not all cells, in the body
A chromosomal deletion including the end of a chromosome

Chromosomal rearrangement in which there is a net gain or loss of total chromosomal material

Variability in the severity/range of symptoms of those who have a genetic disorder

A classification of the pathogenicity of a variant in which there is uncertainty about whether the variant is
causative of the condition

We recommend establishing a dental home, with the first visit to
a dentist by 1 year of age and no later than 6 months after the first
tooth erupts. This visit will help the dentist discuss how to keep the
child's teeth as healthy as possible and what to expect in individuals
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with PMS. It is important to establish preventive strategies for daily
oral hygiene at home that accommodate the abilities of both the
patient and the caregiver. We recommend daily use of fluoridated
toothpaste. We recommend providing oral health education and antic-
ipatory guidance pertaining to dietary/medication considerations
(such as medications with high sugar content) and oral habits (such as
bruxism). We recommend scheduling routine dental visits every
6 months or sooner depending on the child's risk for developing cavi-
ties or gum disease. We recommend obtaining dental radiographs
when clinically appropriate for the child. We recommend providing
treatment strategies for dental care, including behavior guidance as
well as options for treatment in a hospital setting able to provide pro-
cedural sedation or general anesthesia.

3 | CONCLUSIONS

In this report, we have provided updated consensus guidelines for the
management of PMS, spanning the domains of genetics, neurology,
neurodevelopment, gastroenterology, primary care, physiatry,
nephrology, endocrinology, cardiology, gynecology, and dentistry.

From a genetics standpoint, there are now known genotype-
phenotype correlations where deletions of genes other than SHANK3
may be associated with some medical features, including renal/urinary
tract abnormalities and lymphedema. Moreover, the severity of neuro-
developmental impairment appears to correlate with a larger deletion
size. PMS is only diagnosed through genetic testing, with pretest and
posttest genetic counseling recommended. Following the identifica-
tion of a pathogenic variant or a VUS in a patient, parental testing is
recommended. The results of parental testing can aid in the assess-
ment of VUS and inform genetic counseling. When PMS occurs as the
result of a ring chromosome 22, additional surveillance screening is
recommended.

From a neurology standpoint, seizures occur in ~1/3 of individ-
uals with PMS and warrant evaluation with EEG and neuroimaging,
preferably using MRI. No particular anti-seizure medication has been
identified to have superior efficacy in PMS; therefore, choice of medi-
cation should be based upon seizure semiology. Individuals with a ring
chromosome 22 are at risk for the development of NF2 and should
have routine neuroimaging every 1-2 years starting at 10 years of
age to evaluate for vestibular schwannomas or other intracranial
tumors. Autoimmune encephalitis might be a rare complication in
PMS that leads to behavioral changes or developmental regression
and should be considered in such individuals.

From a neurodevelopmental standpoint, there is a wide spectrum
of neurodevelopmental challenges, including ID, impaired communica-
tion, behavioral challenges, sleep difficulties, and psychiatric symp-
toms. Major behavioral and emotional changes including disabling
anxiety, mood cycling, psychosis, catatonia, and loss of skills can occur
in adolescence and adulthood. Because of the vulnerability to adverse
effects of several commonly used groups of psychiatric medications,
the treatment recommendations from the PMS Neuropsychiatric Con-

sultation Group and guidance from the PMS Foundation Medical
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Advisory Committee should be considered before psychiatric medica-
tions are prescribed. Interventions include direct services (such as
with speech and language pathologists and ABA providers), appropri-
ate educational accommodations, and pharmacological treatment if
needed. Further research into sex-based differences in psychiatric
symptoms with onset around puberty is needed.

From a Gl perspective, functional Gl disorders are common and
may be related to enteric nervous system and pelvic floor dysfunction
from SHANKS disruption. Earlier referral and more aggressive therapy
may be necessary in PMS.

From a primary care standpoint, individuals with PMS are at
increased risk for a variety of primary care concerns and require
increased vigilance and screening for vision issues, hearing issues, ther-
moregulation challenges, infections, and skin issues. Families should
assess the capacity and availability of practices in advance, as not every
practice is equipped for patients with special needs. If feasible, a “medi-
cal home” model is ideal, wherein “complex care” physicians, care coor-
dinators, social workers, and home-based care may be available.

From a physiatry standpoint, individuals with PMS manifest
impairments in musculoskeletal and lymphatic function which can
impact mobility and self-care. Function can be improved and opti-
mized by early involvement of a physical rehabilitation team using
therapy, orthoses, and rehabilitation devices. Ideally, the rehabilitation
team should include a physiatrist, occupational therapist, and physical
therapist, in addition to existing providers like speech and language
pathologists. Where a physiatrist is unavailable, a neurodevelopmental
pediatrician or pediatric orthopedist could fill the physiatrist's role,
ideally in consultation with a physiatrist.

From a nephrology perspective, individuals with PMS can be
affected with structural and functional renal/bladder abnormalities
warranting baseline screening with renal and bladder sonography.
Depending on the abnormalities identified, further evaluation with a
nephrologist and/or urologist may be needed.

Endocrine features of PMS can encompass growth issues, thyroid
dysfunction, and abnormal pubertal onset. Concerns about these
areas would warrant a timely referral to endocrinology.

From a cardiology perspective, cardiovascular abnormalities are
mostly congenital and occur in a minority of individuals. A baseline
cardiovascular evaluation is recommended, and most individuals with
PMS do not require long-term cardiology care.

Affected individuals should receive gynecological care in accor-
dance with general best practices appropriate for individuals with
developmental disabilities, per the ACOG.

Regarding dentistry needs, individuals with PMS can be at higher
risk for dental problems due to underlying medical issues, similar to
other neurodevelopmental disorders. Management of dental needs
should be in accordance with best practices and guidelines published
by the AAPD.

These updated consensus guidelines represent an advance for
the field and will improve care for affected individuals and their fami-
lies in the community. Nevertheless, significant gaps in knowledge
remain and may be addressed by ongoing studies using deep pheno-

typing and carefully tracking the natural history of the syndrome.

85U80]7 SUOWIWIOD BA 8.0 3|qeol(dde au Aq peusenob afe sejone VO ‘8sn Jo sejn. 1oy Ariq1T8UlUO 43| UO (SUONIPUOD-PLU-SLLLIBY/LID" A3 IM A eIq 1 Bul UO//:SANY) SUONIPUOD Pue swie | 8y} &8s *[£202/20/72] Uo AriqiTauluo 8|1 ‘[1zeig - 0jned 0es Jo Alun Aq ZTe€9™e Buufe/z00T 0T/I0p/wWo0 A8 | 1M AeIq Ul |UO//SANY WoJ) pepeojumod ‘8 ‘€202 ‘SE8YZSST



SRIVASTAVA ET AL

2038 AMER\'CAN JDURNAL.OF PART
—|—Wl L EY—medical genetics

The guidelines developed here are relevant to individuals who
have involvement of SHANK3 and thus do not necessarily apply to
those without SHANK3 haploinsufficiency; more efforts are needed
to better understand the phenotypic impact of other genes in the
2213 region.

Biomarker studies using EEG and other technology may be espe-
cially helpful for understanding the clinical heterogeneity. Several con-
verging and ongoing areas of research are dedicated to clinical trial
readiness as more potential treatments become worthy of testing in
randomized, controlled, multicentered trials. In addition, as knowledge
about genotype-phenotype relationships deepens, future guidelines
will provide more practical information about course of illness and
enhance genetic counseling efforts. With additional research, subse-
guent updates to these guidelines will provide more refined and spe-

cific recommendations for the PMS community.
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