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This review aimed to update the clinical practice guidelines for managing children and ado-
lescents with 22q11.2 deletion syndrome (22q11.2DS). The 22q11.2 Society, the international
scientific organization studying chromosome 22ql11.2 differences and related conditions,
recruited expert clinicians worldwide to revise the original 2011 pediatric clinical practice
guidelines in a stepwise process: (1) a systematic literature search (1992-2021), (2) study se-
lection and data extraction by clinical experts from 9 different countries, covering 24 sub-
specialties, and (3) creation of a draft consensus document based on the literature and expert
opinion, which was further shaped by survey results from family support organizations
regarding perceived needs. Of 2441 22q11.2DS-relevant publications initially identified, 2344
received full-text reviews, including 1545 meeting criteria for potential relevance to clinical care
of children and adolescents. Informed by the available literature, recommendations were
formulated. Given evidence base limitations, multidisciplinary recommendations represent
consensus statements of good practice for this evolving field. These recommendations provide
contemporary guidance for evaluation, surveillance, and management of the many 22q11.2DS-
associated physical, cognitive, behavioral, and psychiatric morbidities while addressing
important genetic counseling and psychosocial issues.
© 2022 American College of Medical Genetics and Genomics.
Published by Elsevier Inc. All rights reserved.

Introduction

other conditions previously described clinically (veloc-
ardiofacial syndrome, conotruncal anomaly face syndrome,

22q11.2 deletion syndrome (22q11.2DS) Figure 1 (OMIM
192430, OMIM 188400), a multisystem disorder including
physical, cognitive, and behavioral issues of variable
severity,” is the most common microdeletion syndrome in
humans, with an estimated prevalence of 1 in 2148 live

Cayler cardiofacial) and a subset of patients with Opitz
G/BBB syndrome.” '’

22q11.2DS is often suspected because of congenital
abnormalities, primarily cardiac and speech/language defi-
cits, learning/behavioral problems, recurrent infections,

and subtle dysmorphic features. Occasional cases are iden-

births and 1 in 992 pregnancies.””* 22q11.2 deletion is the X 3 : X
tified via newborn screening for severe combined

most frequent cause of DiGeorge syndrome and several

*Correspondence and requests for materials should be addressed to Solveig Oskarsdéttir, Department of Pediatric Rheumatology and Immunology, Queen
Silvia Children’s Hospital, SE-416 85, Gothenburg, Sweden. E-mail address: solveig.oskarsdottir@vgregion.se OR Erik Boot, Advisium, ’s Heeren Loo
Zorggroep, Berkenweg 11, 3818 LA Amersfoort, The Netherlands. E-mail address: erik.boot@sheerenloo.nl OR Anne S. Bassett, The Dalglish Family 22q
Clinic, University Health Network, 33 Ursula Franklin Street (formerly Russell St and Spadina), Toronto, Ontario M5S 2S1. E-mail address: anne.bassett@
utoronto.ca OR Donna M. McDonald-McGinn, Division of Human Genetics, 22q and You Center, Section of Genetic Counseling, and Clinical Genetics
Center, Children’s Hospital of Philadelphia and Department of Pediatrics, Perelman School of Medicine of the University of Pennsylvania, 3500 Civic Center
Blvd., Philadelphia, PA 19104. E-mail address: mcginn@chop.edu

A full list of authors and affiliations appears at the end of the paper.

doi: https://doi.org/10.1016/j.gim.2022.11.006
1098-3600/© 2022 American College of Medical Genetics and Genomics. Published by Elsevier Inc. All rights reserved.


mailto:solveig.oskarsdottir@vgregion.se
mailto:erik.boot@sheerenloo.nl
mailto:anne.bassett@utoronto.ca
mailto:anne.bassett@utoronto.ca
mailto:mcginn@chop.edu
http://www.journals.elsevier.com/genetics-in-medicine
https://doi.org/10.1016/j.gim.2022.11.006

,
2 S. Oskarsdottir et al.
FISH probes

i X ,500, 20, X 20, X 214 J 21,500,
Chiomosonsas Sz 19,000.000 19,500,000 0,000,000 0,500,000 1,000,000 1,500,000
I N25 |[TUPLE 1 | [
13.0 ( > Cen 1K LCR22A = = | LCR228 { LCR22C LCR22D |
- i DGCR2 HIRA TBX1 COMT RTN4R CRKL HIC2
parm — — DGCR6 DGCR14  MRPL40 GNBIL DGCR8 DGCR6L MED15
TSSK2 C220rf39 C220rf29 TRMT2A ZNF74 PI4KA AIFM3
Gsc2 UFDIL TXNRDZ mir-4761* mir-1286* SERPIND1
cem,—ome,—e( 111 cDC45 ARVCF USP41 KLHL22 THAP7
111 £ Z Y LCR22A CLTCL1 CLDNS TANGO2  LOC101927859 P2RX6
11.2 | | SEPTS mir-185* mir-6816* SLC7A4
’ [ 22q11.2 deletion RANBP1 mir-649*
i ZDHHC8 LRRC748B
12.1 2
£q LCR22D ccpciss
12.3 | LINC00896*
qgarm
13.1 mir-1306* mir-3618*
13.2 = Typical, LCR22A-LCR22D, 3 Mb
1331 i LCR22A-LCR22B, 1.5 Mb
1332 [ e 2
\ ‘/' \ / LCR22A-LCR22C, 2 Mb
LCR22B-LCR22D, 1.5 Mb
LCR22C-LCR22D, 0.7 Mb
Figure 1 Chromosome 22 ideogram and genes within the chromosome 22q11.2 LCR22A-LCR22D region. Cytogenetic represen-

tation of chromosome 22 showing the short (p) and long (q) arms along with the centromere, which functions to separate both arms.
Chromosome 22 is an acrocentric chromosome, as indicated by the two horizontal lines in the p arm. The 22q11.2 deletion occurs on the long
arm of 1 of the 2 chromosomes, depicted by dashed lines in the 22q11.2 band. The position of the 2 low copy repeats (LCRs), LCR22A and
LCR22D, which flank the typical 3 Mb deletion, on 22q11.2 are indicated. Schematic representation of the 3 Mb chromosome 22q11.2 region
that is commonly deleted in 22q11.2 deletion syndrome, including the 4 LCRs (LCR22s) that span this region (LCR22A, LCR22B, LCR22C,
and LCR22D) and genes within the region. Common commercial probes for fluorescence in situ hybridization (FISH) are indicated (N25 and
TUPLE). Protein-coding and selected noncoding (*) genes are indicated with respect to their relative position along chromosome 22 (Chr22).
T-box 1 (TBX1; green box) is highlighted as the most widely studied gene within the 22q11.2 region. Variants in this gene have resulted in
conotruncal cardiac anomalies in animal models and humans. Several known human disease-causing genes that map to the region are
indicated in gray boxes. These include proline dehydrogenase 1 (PRODH; associated with type I hyperprolinaemia), solute carrier family 25
member 1 (SLC25A1; encoding the tricarboxylate transport protein and is associated with combined D-2- and L-2-hydroxyglutaric aciduria),
platelet glycoprotein Ib B-polypeptide (GP1BB; associated with Bernard—Soulier syndrome), scavenger receptor class F member 2 (SCARF?2;
associated with Van den Ende—-Gupta syndrome), synaptosomal-associated protein 29 kDa (SNAP29; associated with cerebral dysgenesis,
neuropathy, ichthyosis and palmoplantar keratoderma syndrome), and leucine-zipper-like transcription regulator 1 (LZTR1; associated with
schwannomatosis 2 and autosomal recessive Noonan syndrome). Additional genes associated with autosomal recessive conditions include
cell division cycle protein 45 (CDC45; associated with craniosynostosis, cleft lip/palate, gastrointestinal and genitourinary anomalies, skeletal
differences and short stature; CGS syndrome, C—craniosynostosis, cleft lip/palate, G—gastrointestinal and genitourinary, S—skeletal and
short stature; and Meier-Gorlin syndrome) and transport and Golgi organization 2 homolog (TANGO?2; associated with metabolic crisis with
rhabdomyolysis, seizures, hypoglycemia, thyroid disease, optic nerve atrophy, amblyopia, dysconjugate gaze, dysarthria, hypotonia, hy-
pertonia, dystonia, hyperreflexia, clonus, positive Babinski, spastic Achilles tendons, multiple joint contractures, progressive microcephaly,
cerebral atrophy, progressive intellectual disability, encephalopathy, cardiac arrhythmia, left ventricular hypertrophy, dilated cardiomyop-
athy, prominent trabeculations, decreased left ventricular function, long QT, torsades de pointes, and sudden death; TANGO2-related dis-
orders). Common 22q11.2 deletions are shown, with the typical 3 Mb deletion flanked by LCR22A and LCR22D (LCR22A-LCR22D) on top
and the nested deletions with their respective deletion sizes indicated below. Each of the deletions portrayed is flanked by a particular LCR22.
Those rare deletions not mediated by LCRs are not shown. Additional genes in the region include A/F3M, apoptosis-inducing factor
mitochondrion- associated 3; ARVCF, armadillo repeat gene; CLDNS5, claudin 5; CLTCLI, clathrin heavy chain-like 1; COMT, catechol-O-
methyltransferase; CRKL, v-crk avian sarcoma virus CT10 oncogene homologue-like; DGCR, DiGeorge syndrome critical region; GNBIL,
guanine nucleotide-binding protein (G protein), f-polypeptide 1-like; GSC2, goosecoid homeobox 2; HIC2, hypermethylated in cancer 2;
HIRA, histone cell cycle regulator; KLHL22, kelch-like family member 22; LINC00896, long intergenic non-protein-coding RNA 896;
LOCI101927859, serine/arginine repetitive matrix protein 2-like; CCDCI88, coiled-coil domain-containing 188; LRRC74B, leucine-rich
repeat-containing 74B; MED15, mediator complex subunit 15; mir, microRNA; MRPL40, mitochondrial ribosomal protein L40; P2RX6,
purinergic receptor P2X ligand-gated ion channel 6; PI4KA, phosphatidylinositol 4-kinase catalytic-o; RANBP1, Ran-binding protein 1;
RTN4R, reticulon 4 receptor; SEPTS, septin 5; SERPIND], serpin peptidase inhibitor clade D (heparin co-factor) member 1; THAP7, THAP
domain-containing 7; TRMT2A, tRNA methyltransferase 2 homologue A; TSSK2, testis-specific serine kinase 2; TXNRD2, thioredoxin
reductase 2; UFDIL, ubiquitin fusion degradation 1-like; USP41, ubiquitin-specific peptidase 41; ZDHHCS, zinc-finger DHHC-type-con-
taining 8; ZNF74, zinc-finger protein 74. (Figure adapted with permission from McDonald-McGinn et al.")

immunodeficiency."'' Feeding difficulties, hypocalcemia,
and numerous structural anomalies may also be early
alerting features." Although awareness of 22q11.2DS has
increased, the diagnosis is often delayed or missed, espe-
cially in those without serious congenital heart disease
(CHD).IZ’M

Clinical practice guidelines for managing patients with
22q11.2DS were first published in 2011.'* Subsequent
research has highlighted important novel associations. The
aim in this study was to systematically review the literature
and provide updated recommendations to facilitate optimal
care for children and adolescents with 22q11.2DS.
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Materials and Methods

The 22q11.2 Society recruited expert clinicians worldwide
to revise the original clinical practice guidelines for children
through a stepwise process: (1) a systematic literature
search, according to best practices (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses, 2020;
Supplemental Figure 1),'” guided by a methodologist, (2)
study selection and synthesis by the clinical experts from 9
countries, covering 24 subspecialties, and (3) creation of a
multidisciplinary consensus document using the Grading of
Recommendations Assessment, Development and Evalua-
tion framework (GRADE)'® based on the literature and best
practice and shaped by patient advocate survey results, with
subsequent independent approval sought.

Inclusion criteria comprised any report with relevance to
clinical care of individuals born with a 22q11.2 deletion
involving the typical deletion region. Reports involving
other conditions including distal 22ql1.2 deletions or
restricted to prenatal issues were excluded. Given the
limited number of systematic studies in 22ql11.2DS, a
qualitative synthesis of the evidence was performed by a
multidisciplinary panel of clinical experts, with review of all
reports available from the systematic search.

Using the Grading of Recommendations Assessment,
Development and Evaluation framework, high confidence
evidence was deemed too limited to justify formal grading of
individual recommendations with respect to the quality of
available scientific literature or of fine gradations of strength.'®
Consensus recommendations were formulated based on the
literature, consideration of being more beneficial than harmful,
and best practice according to the experts involved (each
having seen tens to hundreds of patients), and input from
patient advocate survey results. The revised guidelines were
subsequently approved for submission by 2 external reviewers
(parent of a child with 22q11.2DS and a genetics expert),
neither of whom were part of the guidelines updating process.

Supplemental Material, Study Selection and Data
Extraction under Methods contains further details of
methods used including full search strategy, protocol, and
methodological checklist.

Results

The systematic literature search initially identified 6018
publications regarding 22q11.2DS across the lifespan
(Supplemental Figure 1); 3577 were excluded after initial
screening (most were duplicates, or involved other condi-
tions) and 97 could not be retrieved, resulting in 2344 re-
ports included for full-text review. Thereafter, 26 reports
were excluded as they had no relevance to clinical care. Of
the final 2318 that met the inclusion criteria (list included in
Supplemental Material, Study Selection and Data Extraction
under Methods), 1545 were deemed to have potential rele-
vance to children and adolescents.

The patient advocate survey results, completed by eight
22q11.2DS patient advocacy organizations, based in 7
countries on 3 continents and representing 7624 families,
supported updated guidelines to improve: awareness for
health care providers and the public; access to 22q11.2DS
specific clinics, knowledgeable providers, and comprehensive
care; and access to genetic testing and genetic counseling. The
respondents ranked the top 5 most relevant subspecialty areas
of care, through a combination of free responses and check-
boxes of predetermined options as (1) cardiology, (2) brain
and behavior (psychiatry, neurology, early intervention, ed-
ucation), (3) genetics (testing, counseling, reproductive
health), (4) ear, nose, and throat (ENT) (chronic infections,
hearing, palate), and (5) immunology, rheumatology, hema-
tology, and oncology. Regarding knowledge transfer, the re-
spondents conveyed a need for guidelines to be shareable,
portable, and available on the internet/social media.

The vast majority of scientific literature relevant to
clinical management of children with 22q11.2DS involved
study designs in low confidence categories,'® with few
randomized clinical trials, formal systematic reviews, or
meta-analyses. Given the state of the scientific evidence
available and the challenges inherent to 22q11.2DS that
include multiple comorbidities and high inter-individual
variability, recommendations in these updated guidelines
were not formally graded on an individual basis.'® The
recommendations rather emphasize those with lowest harm
and highest potential benefit for patients with this rare
condition, informed by long term experience with patients
and their families, that reflect current best practice. 16

Review and Practice Guidelines
Brief overview

Pediatric care for patients with 22q11.2DS requires both
generalists and specialists in multiple fields to appreciate the
overall interrelated effects of associated medical and
developmental features and their impact on well-being and
quality of life. Basic knowledge about variable expressivity,
severity of features, and changes over time, as well as an
emphasis on family-centered care,'’ are essential.

Periodic assessments may identify new or anticipated
features enabling early treatment. Preventive management
of developmental issues can mitigate frustration and support
achieving full potential. Coordination of care with multi-
disciplinary evaluations is required. Relatives, including
parents, siblings, and often grandparents, benefit from in-
formation and support. Optimizing health, functioning, and
quality of life is the overall goal of these recommendations.

We summarize main features and management recom-
mendations by system in the following sections and in
corresponding tables. Figure 2 presents the multisystem
features, and Table | highlights recommended assessments
and health monitoring at diagnosis and by age. In addition,
important “Do’s” and “Do not’s” are provided in Table 2.

29
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IAdditionaI clinically relevant variant

T cell lymphopenia

Recurrent infections

Congenital heart disease (mostly conotruncal)

Low immunoglobulins, humoral deficits

Thymic hypoplasia/aplasia

Asthma and allergies

Dilated cavum septum pellucidum

Autoimmune cytopenia (ITP, AHA)

Palatal anomalies

Juvenile idiopathic arthritis, vitiligo

Renal anomalies, umbilical hernia

Skeletal (butterfly vertebrae, club foot, polydactyly)

Low platelet numbers

Polyhydramnios

Bleeding, bruising, epistaxis

Congenital diaphragmatic hernia, spina bifida

Bernard-Souiler

Malignancy

Congenital heart disease (mostly conotruncal)

Aortic arch anomalies (right aortic arch, vascular ring)

Scoliosis

Dilated aortic root

Cervical spine anomalies

Butterfly vertebrae, 13 pairs of ribs

Palatal anomalies (velopharyngeal dysfunction, SMCP,
bifid uvula, overt cleft palate, CL/P)

Recurrent patellar dislocations

Speech disorders (especially hypernasality)

Clubfoot, polydactyly, syndactyly

Otitis media (acute or chronic with effusion)

Craniosynostosis

Hearing loss (conductive, sensorineural, mixed), cochlear
abnormalities

Hypotonia

Airway anomalies (subglottic stenosis, laryngeal web)

Seizures/epilepsy

Obstructive sleep apnea

Microcephaly

Microtia, anotia, choanal atresia

Polymicrogyria, heterotopias, spina bifida, tethered cord,
dystonia, Parkinsonism/Early onset Parkinson disease

Refractive errors (hyperopia/astigmatism)

Strabismus, exotropia/phoria, ptosis

Hernia (all types)

Sclerocornea

Surgical complications (all types)

Tortuous retinal vessels, posterior embryotoxon

Congenital diaphragmatic hernia

Caries

Sleep pattern disturbances, obstructive sleep apnea

Enamel defects

Decreased saliva secretion

Delayed gross motor milestones

Delayed tooth eruption/agenesis

Fine motor difficulties

Malocclusion

Delayed bladder control

Developmental coordination disorder

Hypocalcaemia/hypoparathyroidism

Speech-language delay/disorders

Hypothyroidism, hyperthyroidism

Learning difficulties, cognitive deficits, NVLD

Growth hormone deficiency

Intellectual disabilities (mostly mild)

Visuo-spatial impairments

Growth restriction in infancy and childhood

Short stature

Attention deficit disorder or ADHD

Obesity in adolescence

Autism spectrum disorder

Anxiety disorders

Feeding difficulty

Subclinical psychotic symptoms

Constipation

Schizophrenia spectrum disorders

Gastrointestinal reflux disease, dysphagia

Depression

Aspiration, NG/G-tube feeds/Nissen fundoplication

Anorexia

Malformations (imperforate anus, Hirschsprung’s,
intestinal malrotation, esophageal/tracheal atresia, TEF)

Cyclical vomiting

Renal anomalies (e.g. hydronephrosis, renal agenesis,
multicystic/dysplastic kidney)

Dysfunctional voiding

Common
Less common

Males: cryptorchidism, hypospadias, phimosis

Rare, but clinically relevant

Females: vaginal agenesis, absent uterus

Common, but not requiring clinical attention

Figure 2  Features and risks in children and adolescents with 22q11.2 deletion syndrome. Figure 2 presents the associated multisystem
features observed in children and adolescents with 22q11.2 deletion syndrome. The relative prevalence of each feature is indicated as a
gradient of blue, with the darkest shade indicating the most common, intermediate blue specifying less common, and pale blue signifying rare
but clinically relevant. White boxes denote features that may be commonly associated but do not necessarily require clinical attention.
ADHD, attention deficit hyperactivity disorder; CL/P, cleft lip/palate; AHA, autoimmune hemolytic anemia; ITP, immune thrombocytopenia;
NG/G, nasogastric/gastric; NVLD, nonverbal learning disorder; SMCP, submucous cleft palate; TEF, tracheoesophageal fistula.
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Table 1 Recommendations for periodic assessments and management of children and adolescents with 22q11.2 deletion syndrome
At Annual/
Assessments and Management Diagnosis | Biennial [0-1y |1-5 y | 6-12 y| 13-18 y
Genetic
Genetic testing (proband: MLPA or microarray; FISH if only available method) v
(parents: MLPA or FISH)®
Genetic counseling (etiology, natural history, recurrence risk, prenatal/ v v v
preconception screening/diagnostics)
Remaining allele/exome sequencing (when appropriate)” v
General
Consultation with clinician(s) experienced with 22q11.2DS° v v v v v v
Comprehensive history-taking (including family history) v v v v v v
Physical examination v v v v v v
Nutritional assessment, feeding, swallowing, GERD, constipation, and growth v v v v v v
Neurologic and developmental assessment (neurologic exam, milestones, sacral v v v v v
dimple, neuroimaging as needed)
Assessment of history of infections, allergy, asthma, autoimmunity, and malignancy v v v v v v
Assessment of access to specialized health care and community, developmental, and v v v v v
government resources
Other clinical assessments
Cardiac evaluation (using echocardiogram and EKG; determine arch sidedness) v
Long term follow-up for all with CHD; transition to GUCH if CHD v v v v v
Periodic screening for arrythmias/EKG abnormalities and dilated aortic root* v v v
Periodic EKG screening in at-risk patients (antiepileptic/neuropsychiatric treatment, v
hypocalcemia, thyroid disease)
Referral to cleft-palate team to assess for overt cleft, SMCP, and VPD v v v v v
(nasoendoscopy/videofluoroscopy as needed)®
Evaluation of speech and language by speech-language pathologist’ v v
Evaluation by otolaryngologist for recurrent otitis media and possible v v v v v
laryngo-tracheo-esophageal anomalies
Evaluation of hearing using audiogram +/— tympanometry v v v v v v
Ophthalmic evaluation/vision (refractive errors, strabismus, exotropia, v v v
sclereocornea, coloboma, ptosis)
Dental evaluation (measure saliva secretion rate from 6 y)° v v v
Endocrinological assessment (PTH, calcium, magnesium, creatinine, TSH, and free v v v v v v
T4; GH studies as needed)
Consider clinical (multidisciplinary) feeding and/or swallowing evaluation including v v
assessment of airway"
Renal and bladder ultrasound v
Immunologic assessment: T- and B cell phenotyping' v v v
Immunologic assessment: IgG, IgA, IgM, IgE levels (not before 6 mo) v v v
Immunologic assessment: vaccine responses’ v v
Complete blood count and differential v v v v v v
Routine scoliosis screening with scoliometer and with x-ray when clinically indicated v
Radiography of the cervical spine at age ~4 y to exclude instability® v
Sleep evaluation (consider polysomnography pre and post VPD repair), sleep hygiene v v
recommendations'
Cognitive development, academic functioning, and child psychiatry
Assessment of cognitive/learning capacities including language domains with v v v v
standardized measures

(continued)
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Table 1 Continued

At Annual/
Assessments and Management Diagnosis | Biennial [ 0-1 y [1-5 y |6-12 y | 13-18 y
Assessment of adaptive functioning (eg, daily living skills) v v v v
Psychiatric assessment (ASD, ADHD/ADD, anxiety, and psychotic disorders) v v v v

Table 1 provides recommendations for periodic assessment and management of children and adolescents with 22g11.2 deletion syndrome at diagnosis,

annually/biannually, and by age.

ADD, attention deficit disorder; ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorders; CHD, congenital heart disease; EKG,
electrocardiogram; FISH, fluorescence in situ hybridization; GERD, gastroesophageal reflux disease; GH, growth hormone; GUCH, grown-up congenital heart
disease; MLPA, multiplex-ligation dependent probe amplification; PTH, parathyroid hormone; SLP, speech language pathologist; SMCP, submucosal cleft palate;

TSH, thyroid stimulating hormone; VPD, velopharyngeal dysfunction.
®Proband and parents; strategy depending on test availability.

PWhen rare recessive condition associated with 22q11.2 region is suspected or atypical phenotypic features observed.
‘Having seen many pediatric patients with 22q11.2DS both in consultation and in follow-up.

dApplies to children with and children without known CHD.

€Consider velopharyngeal port imaging (eg, nasopharyngoscopy or speech videofluoroscopy) with cleft team (SLP and surgeon) when adequate speech

output and articulation skills are present to allow for valid diagnostic imaging.

fShould include assessment of speech (eg, articulation, resonance, voice), receptive and expressive language, and social/pragmatics skills.

9Dental assessment not relevant before age 2 years.

T‘Consider videofluoroscopic swallow study or fiberoptic endoscopic evaluation of swallowing if any signs or symptoms of aspiration.
'T cell phenotyping; CD3, CD4, CD8 cell counts (+ CD4/CD45RA). B cell count (CD19) and switched memory B cells (CD19 or CD20+, CD27+IgM-).

JInclude antibodies against tetanus, diphtheria, and pneumococci.

“Especially important before VPD surgery to exclude instability; can be performed from age 4 years when sufficient bony ossification has occurred.

ncreased risk for obstructive sleep apnea after VPD surgery.

In this, international/local differences should be considered.
Of note, these recommendations are most relevant to high-
income countries and corresponding resources.

Genetics

22q11.2DS is a contiguous gene deletion syndrome.
Affected individuals have a heterozygous loss of 1 copy of
the chromosome 22q11.2 region. Most deletions occur as de
novo events but approximately 10% are inherited from a
parent,>%7

The typical 22q11.2 deletion originates from nonallelic
homologous recombination between low copy repeats
(LCRs),”"””* most commonly LCR22A to LCR22D (85%-
90%), resulting in an approximately 2.5 to 3 megabase (Mb)
deletion involving approximately 50 protein-coding genes.'
Smaller LCR22A to LCR22B (1.5 Mb) and LCR22A to
LCR22C (2.0 Mb) deletions occur in 5% to 10% of the
cases.”'® Rarer LCR22B to LCR22D and LCR22C to
LCR22D deletions (~5%) occur with overlapping features as
this region includes the important developmental gene
CRKL associated with congenital heart disease and renal
anomalies.'””” Distal deletions beyond LCR22D (involving
other LCRs, LCR22E to LCR22H, OMIM 611867),
comprising a distinct entity, should not be confused with
22q11.2DS and are not the subject of these recommendations.

Beginning in the 1990’s, the 22ql1.2 deletion was
identified using fluorescence in situ hybridization (FISH)
and probes located between LCR22A-LCR22B."® Later,
multiplex-ligation dependent probe amplification became
available, providing deletion sizing,’*’” but both tests
required an elevated index of suspicion. Chromosomal
microarray analysis (CMA) identifies genome-wide copy

number variants (CNVs), thus 22q11.2 deletions and their
breakpoints and in a minority of patients any other relevant
CNVs if present.”®’” Even the common 2.5 Mb deletion is
usually submicroscopic, ie, missed in karyotyping except
for rare unbalanced translocations. Thus, CMA currently
provides the most clinically useful information for diagnosis
and genetic counseling, but we acknowledge that it may not
be available or covered in many settings around the world.

Occasionally, the 22q11.2 deletion may uncover a path-
ogenic variant or small CNV involving a disease-producing
gene in the remaining allele, unmasking an autosomal
recessive condition. Examples include PRODH (hyper-
prolinemia),”’ CDC45 (C—craniosynostosis, cleft lip/pal-
ate; G—gastrointestinal and genitourinary; S—skeletal and
short stature [CGS syndrome]/Meier-Gorlin syndrome),”’
GPIBB (Bernard-Soulier),*”®> SCARF2 (van den Ende-
Gupta syndrome),”*®’ LZTRI (autosomal recessive
Noonan syndrome),”® SNAP29 (cerebral dysgenesis, neu-
ropathy, ichthyosis, and keratoderma syndrome), and
TANGO2-related disease.'™"’ If atypical features are noted,
targeted or exome/genome sequencing should be considered
to identify single nucleotide variants or small CNVs on the
remaining intact allele.

Genetic counseling

Parental testing is always recommended to determine whether
the 22q11.2 deletion is de novo or transmitted from a parent to
provide care and genetic counseling for the affected
parent.'** This includes the opportunity to identify the rare
parent with somatic mosaicism. Parents of a child with a de
novo deletion have a small increased recurrence risk over the
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Table 2 Do’s and Do not’s

Topic Do’s Do not’s

Genetics Check genetic test report for details: deletion size Ignore clinical findings that are atypical for the
and any clinically relevant variant/s (if 22q11.2 deletion,'® skip parental testing,
applicable),*® perform parental studies even if provide genetic counseling only at diagnosis,
both parents have negative histories because assume parents are unaffected and not test
parents may be mildly affected and somatic and them**
germline mosaicism are possible,'*?° provide
genetic counseling across the lifespan*

Cardiology Consider perioperative antifungal coverage in Transfuse with unirradiated blood products to
addition to antibiotics®’? infants with severely low T cells®?®

Palate Be aware of risk of causing or worsening Perform adenoidectomy without consulting a cleft-
hypernasality after adenoidectomy,?*?* and palate team,?>"?’?® consider nasal regurgitation
OSA after VPD repair®® normal,’ ignore postoperative 0SA®°

Endocrinology Recommend vitamin D to reduce the risk of Assume normal endocrinological functions in the
hypocalcemia; routinely monitor calcium, absence of complaints,*???***3 overtreat
growth, and thyroid*#2°-° hypocalcemia potentially leading to

nephrocalcinosis®®-°

Growth Be aware of the risk of developing obesity in Forget to follow growth curves in older children
adolescence®*** and to encourage physical activity>*>*

Gastroenterology Investigate feeding and swallowing problems as Assume feeding difficulty is related to congenital

soon as they present®*3®

heart disease®®3®

Surgical procedures

Monitor calcium and CBC perioperatively*® 2

Ignore anatomical variants'

Vaccinations Check immune status before vaccination with live Vaccinate with live vaccines if T cells are very low
vaccines and provide all vaccinations otherwise as (CD4 <400 or naive CD4 <100 cells/mm?)?®
usual, check antibodies to confirm immunity?*

Hematology Be aware that many patients have mild Neglect a history of significant bleeding that is
thrombocytopenia of no clinical relevance*? present in a substantial minority of patients*?

Musculoskeletal Routine scoliosis screening from age 6 years, with Assume leg pain is idiopathic without considering
scoliometer and with x-ray when clinically rheumatologic/neurologic (tethered cord)
indicated**-*4 causes 447

CNS Check calcium in persons with seizures and refer Assume seizures are hypocalcemic without further
to neurology if idiopathic®’-%® investigations*’-“®

Sleep Consider that poor sleep can affect overall Forget that sleep quality should be monitored
functioning, behavior, and learning with low threshold to obtain a sleep study®°
capacities*’

Functioning Consider discrepancies in functioning between Consider an intelligence test as a static constant
cognitive, adaptive, and emotional domains;** > or a complete picture of the child's
check hearing and vision;**>° support total abilities,***” assume hearing and vision are
communication (eg, sign language) to avoid normal,”*° assume sign language will delay
frustration® emergence of verbal speech®

Psychiatry Refer to a specialist when there are changes in Rely solely on caregiver report (or solely on

thinking, emotions, behavior,”® " be aware
that subclinical psychotic symptoms may be
transient®?%3

patient report) without assessing the child®*

Transition to adulthood

Refer all patients for continued follow-up in
adulthood regardless of whether they have
health-related problems at the time of
transition or not'*°?

Forget to prepare the adolescent for transition to
adulthood in a stepwise manner including
health and social issues®®°®

Multimorbidity

Designate 1 clinician to coordinate medical and
health-related social needs, be familiar with
the important common and rare associated
features, recognize that symptoms change over
time and family members/caregivers are
essential members of the team®*%°

Expect the adolescent with 22q11.2DS to present
all their symptoms without prompts, overwhelm
families with a list of nonactionable associated
features, exclude family members from
participating in care discussions'’

Table 2 presents important management tips in the form of “Do’s” and “Do not’s” for 16 topic areas pertinent to clinicians caring for children and
adolescents with 22q11.2 deletion syndrome.
(BC, complete blood count; CNS, central nervous system; 0SA, obstructive sleep apnea; VPD, velopharyngeal dysfunction.
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general population based on reports of germline mosai-
cism.'”?" Reproductive counseling will include discussions
regarding prenatal screening/definitive testing options.
Affected individuals, both males and females, have a 50%
chance of having a child with 22q11.2DS in each pregnancy.
In addition to care recommendations, as for any newly diag-
nosed individual, risk of transmission and variable expres-
sivity are key discussion points. Available reproductive
options including prenatal screening and preconception op-
tions such as preimplantation genetic diagnostics using
in vitro fertilization should also be reviewed.

Prenatal considerations

Prenatal features may be observed on fetal ultrasound/echo-
cardiogram in the first trimester, but more commonly at >20
weeks’ gestation. Cardiac anomalies are frequently associated
but extracardiac abnormalities, affecting all systems, can be
present in as many as 90%.”"”> However, not all congenital
features are appreciated prenatally (eg, laryngeal web).
Ultrasound anomalies warrant referral to maternal-fetal
medicine and genetic counseling. Prenatal diagnostic testing
via chorionic villus sampling or amniocentesis is recom-
mended to optimize delivery planning. CMA remains the
most comprehensive test.”””° Noninvasive prenatal screening
is bringing some affected pregnancies, and previously undi-
agnosed mothers, to attention but it requires confirmatory
diagnostic testing.”’"'"> Management of affected pregnancies
warrants close monitoring,”' eg, for CHD (monitoring cardiac
function) and polyhydramnios (potential for preterm labor).”!
Fetuses with a 22q11.2 deletion may be considered high risk
for pregnancy/delivery given elevated prevalence of late
preterm births and intrauterine growth restriction.'” Location/
mode of delivery may be influenced by the diagnosis with or
without structural anomalies.

Individual system, medical, and surgical issues

Cardiovascular

CHD is found in approximately two-thirds of children with
22q11.2D8S.'#"#19%19 The most common major CHD sub-
types include conotruncal defects (CTD), eg, tetralogy of Fallot,
interrupted aortic arch type B, and truncus arteriosus.”"' %1%
Additional severity may be conveyed by associated pulmo-
nary atresia, major aortopulmonary collaterals, and/or discon-
tinuity of pulmonary arteries. Other congenital anomalies,
including crossed pulmonary arteries, aberrant subclavian ar-
tery, and aortic arch anomalies, may raise clinical suspicion both
as isolated findings or as associated with CTD.”!!**10:107
Vascular anomalies may cause a vascular ring that can
compress the trachea/esophagus, manifesting as stridor/feeding
and swallowing difficulties and may require studies beyond an
echocardiogram, such as a chest MRI, for confirmation.'**'*?
Ventricular septal defects, although considered minor CHD,
are the most common CTDs.'*'**!

CTDs usually require intracardiac repair in infancy or
early childhood, necessitating syndrome-specific periopera-
tive and multidisciplinary management to minimize
increased complication risk; eg, prolonged mechanical
ventilation and length of hospital stay.''” For all CHD,
increased perioperative risk may be conveyed by greater
anatomical cardiovascular complexity'''™"'® and non-
cardiac comorbidities.””" """

Long term cardiac follow-up is required for those who
undergo surgical intervention.''® CTDs often require rein-
tervention in childhood and/or adolescence.''® Dilated
aortic root and arrhythmias have been reported, even in
children without CHD, therefore periodic surveillance is
recommended for all.”""'*"?*

Ear, nose, and throat

Palate/speech and language

Palatal abnormalities are seen in about two-thirds of children
and typically include velopharyngeal dysfunction (VPD) with
or without a formal diagnosis of submucous cleft palate
(SMCP), with overt cleft palate and cleft lip/palate occurring
less frequently.'”' The inability of the soft palate and
pharyngeal walls to close properly during speech may be
complicated by anatomical and functional factors such as
palatal clefting, altered velopharyngeal dimensions,
cranial nerve abnormalities, and velopharyngeal muscle hy-
poplasia. This may result in severe VPD with hypernasality,
compensatory articulation patterns, and poor intelligi-
bility. 2122124

Communication disorders are hallmark features of
22q11.2DS.** Children often present with a complex commu-
nication profile including structural, neurologic, developmental,
and cognitive speech-language disorders and social/pragmatic
deficits that vary with regards to time of presentation and clinical
profile. Emergence of speech and language is typically delayed,
with high prevalence of both receptive and expressive language
delays/disorders including apraxia. More pronounced expres-
sive deficits are often evident in preschool years.'”> Multiple
factors affect speech development and resonance, including
palate anomalies and VPD,'?" motor/developmental/neurologic
deficits/compensatory speech disorders,'*® recurrent/chronic
middle ear infections accompanied with hearing loss,'”’ and
cognitive function.””'**

At diagnosis, patients should undergo a palatal exami-
nation and speech/language assessment by cleft/craniofacial
specialists.'“*>*?%  Speech/language assessments are
required beginning at 6-18 months and routinely thereafter.

Overt palatal clefts are typically repaired around age 1
year. SMCP or VPD should be assessed jointly with speech-
language pathologists, including evaluation with velophar-
yngeal imaging (nasendoscopy/videofluoroscopy) when
VPD is clinically suspected and once adequate speech is
present.'”” Surgical treatment can lead to significant im-
provements in intelligibility and quality of life.'?'-'?%-%!

Many children require intensive speech-language therapy
throughout childhood. Progress may be slow because of
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cognitive/learning and behavioral differences.”* Early
implementation of augmentative communication (eg, sign
language) can promote language use and help avoid frus-
tration.”” Periodic evaluations of speech-language profiles
are important as they may change over time.”"

Obstructive sleep apnea

Sleep-disordered breathing and obstructive sleep apnea
(OSA) are reported in children with 22q11.2DS.”*"#*"** Risk
factors include retrognathia and pharyngeal hypotonia. OSA
may develop after VPD-related palatal surgeries,”® thus
should always be assessed both pre- and postoperatively. Risk
may be mitigated through OSA treatment postoperatively.' ™
Tonsillectomy may help treat OSA in childhood, but residual
mild-moderate OSA remains an issue,'>>!** with increased
risk for airway complications.'”

Airway

Airway anomalies, including laryngomalacia, trache-
omalacia, subglottic stenosis, glottic web, vocal fold paral-
ysis, and laryngeal cleft, occur in approximately 20% of
children.'**"*” Symptoms include stridor/noisy breathing,
aspiration, and need for supplemental oxygen with a subset
(often those with concomitant CHD) requiring tracheos-
tomy. Screening should occur routinely with formal airway
evaluation recommended as symptoms warrant.'’*'"
Esophageal atresia, tracheoesophageal atresia, and trachea
atresia have also been observed. Feeding and swallowing
disorders,'**'*" that may be related to pharyngeal hypoto-
nia,"*' require monitoring for symptoms of aspiration during
routine otolaryngologic visits, with a low threshold to obtain
a swallowing study.””

Ears/hearing

Many children have recurrent and/or chronic otitis media
with and without effusion.'*”**>'*® Narrow ear canals in-
crease wax accumulation, which may affect hearing. Hear-
ing loss is common and usually mild.”*>"*>""*? It is most
often conductive because of eustachian tube dysfunction/
chronic otitis media with effusion (COME),'**'*” but
combined or sensorineural types are also observed.'*"'"
Ossicular/middle- and inner ear anomalies may be present,
including abnormal stapes, cochlea, vestibule, and lateral
semicircular canal.'*>'*” External ears are often small with
minor anomalies.'**'*® Microtia/anotia, preauricular tags/
pits have also been reported.' "

Periodic ear exams and audiograms are recommended.'*?
For patients with chronic otitis media with effusion, myr-
ingotomy with ear tube placement should be considered to
optimize hearing. Occasionally hearing loss is severe,
requiring hearing aids.'”"

Eyes/vision

Ocular findings are common including strabismus, refractive
errors (hyperopia and astigmatism), and incidental features
(retinal vascular tortuosity, posterior embryotoxon, eyelid
hooding).S(”'S"153 Refractive errors, strabismus, and

amblyopia require early correction. About one-third need
glasses.”® Sclerocornea has been reported and requires ur-
gent care.”>*

A comprehensive eye examination is recommended at
diagnosis with follow-up as indicated by findings.'””

Dental abnormalities

Common dental abnormalities, including caries, impaired
saliva secretion, enamel defects, and malocclusions can
affect general health and quality of life.”””'*” Diet, in-
fections, fine motor skills, and cognitive/behavioral (eg,
anxiety) issues can contribute to dental problems.

Children aged > 2 years should be referred for dental
assessment at diagnosis, with monitoring of enamel, tooth
eruption, and occlusion.'”°'® Caries prevention includes
oral hygiene, fluorides, and sealants. Some children need
examination/treatment under anesthesia. For CHD-related
endocarditis risk, consult national guidelines regarding
preventive antibiotics. '’

Endocrinology
Endocrinological issues most often involve hypoparathy-
roidism/hypocalcemia and/or thyroid disease.”' '

Hypocalcemia is reported in approximately 60% of
children,'*”'**'%* presenting at any age with relative or
complete hypoparathyroidism.””>'®> Transient neonatal hy-
pocalcemia may occur, and hypocalcemic seizures may be
the first sign of 22q11.2DS. Hypocalcemia can recur during
periods of biologic stress, eg, perioperative, with acute
illness, puberty, in pregnancy, or decreased oral intake,"’
and may lead to fatigue, irritability, seizures, paresthesias,
muscle cramps, tremors, and/or rigidity.'®

Parents should be informed about these potential symp-
toms but informed that most commonly hypocalcemia is
mild. Calcium-relevant parameters (including calcium or
ionized calcium, parathyroid hormone, magnesium, and 25-
hydroxy vitamin D [25-OH D]) should be measured regu-
larly (at least annually) and during stressors.

Calcium and vitamin D supplements should be consid-
ered if dietary intake is insufficient and/or calcium levels are
low. In more recalcitrant cases, active vitamin D metabo-
lites, eg, calcitriol (1, 25-dihydroxy vitamin D) may be
needed, usually requiring endocrinology consultation. Se-
vere hypocalcemia or tetany should be treated with slow
infusion of parenteral calcium. The calcium levels should be
maintained in the low-normal range to minimize hyper-
calciuria and risk of nephrolithiasis. Patients on long term
calcium and/or calcitriol should be monitored with annual
urinary calcium and renal ultrasound every few years.'***-*"

Thyroid dysfunction occurs in approximately 10% to
20% of children, primarily hypothyroidism, but also hy-
perthyroidism due to Graves’ disease.'°® Autoimmune thy-
roid disorders may be related to the overall increased risk of
autoimmune disease in this condition.

Monitoring for thyroid abnormalities with thyroid stim-
ulating hormone (TSH) and free T4 is recommended every 1
to 2 years.”'%°
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Growth

Growth restriction in infancy and childhood commonly
shows a pattern of early deceleration of weight gain and
stature, then weight gain recovery with less catch-up in
stature; with mean height at age 19 years of —0.89 SD for
females and —0.72 SD for males,} > and short stature (<2.5th
percentile) in a minority.”” Feeding difficulties and failure to
thrive may contribute to growth issues. Growth hormone
deficiency is rare but when present, responds well to growth
hormone therapy.”'®’

Height and weight should be measured regularly,®
considering parental height, when evaluating short stature.
Growth hormone therapy is a consideration if testing in-
dicates deficiency.

Gastroenterology and nutrition

Many children experience one or more gastrointestinal (GI)
symptoms. Hernias (diaphragmatic, umbilical, inguinal) are
common. Other congenital malformations (eg, esophageal
atresia, tracheoesophageal fistula, malrotation/nonrotation,
intestinal atresia, anal atresia/stenosis, imperforate anus,
Hirschsprung disease) and autoimmune diseases (eg, celiac
disease, inflammatory bowel disease, autoimmune enteritis)
are rarer.”' %1% Common GI conditions include feeding
and swallowing disorders, nasopharyngeal reflux, and dys-
motility of the GI tract, eg, gastroesophageal reflux disease,
vomiting, esophageal dysmotility, gastroparesis, and sig-
nificant constipation. Contributing factors to consider
include musculoskeletal (posture, oral motor, coordination,
and tongue retraction), neurologic (hypotonia, poly-
microgyria, cerebellar abnormalities), respiratory (conges-
tion, increased work of breathing, vascular ring and/or
laryngeal anomalies), and/or endocrinological disorders
(hypocalcemia, abnormal thyroid function).”®*

Many early GI problems improve over time. Nasopha-
ryngeal reflux is especially common in infants with SMCP
and those at risk for VPD. These children will often present
with poor breast feeding and some will present with failure
to thrive in infancy. Some children will benefit from special
feeding techniques and bottles used to feed children with
overt cleft palate. Severely affected patients may require
supplemental or postpyloric feeding tubes or Nissen fun-
doplication. Risk for obesity becomes an important
consideration in adolescence, requiring active attention to
diet and physical activity.

Genitourinary

Genitourinary tract (GU) abnormalities affect approxi-
mately 15% of patients with 22q11.2DS,'”" including
hydronephrosis, unilateral renal agenesis, multicystic
dysplastic or hypoplastic kidney, and simple renal cysts.
Bilateral renal agenesis has been reported. Ureteral and
bladder anomalies, eg, vesicoureteral reflux and mega-
ureter, are less prevalent. Some urinary tract findings may
resolve spontaneously, eg, milder forms of hydronephrosis
and vesicoureteral reflux. Genital anomalies are more
prevalent in males (eg, cryptorchidism, hypospadias) than

in females (eg, absent vagina and/or uterus).'” Voiding
dysfunction may be present, eg, related to developmental
delay/constipation.' "'

All patients are recommended to have a complete phys-
ical examination at diagnosis including genital exam and
screening renal and bladder ultrasound. Consultation with a
urologist, general surgeon, gynecologist, and/or nephrolo-
gist may be warranted, and certain genitourinary abnor-
malities require surgical repair.'’"

General surgery

General surgery considerations are related to the overall
higher likelihood of surgical complications in 22q11.2DS
than in the general population because of risks of bleeding,
seizures, and difficult intubation.

Recommendations include careful perioperative and
postoperative monitoring, including monitoring calcium
levels, platelets, oxygen saturation, and preanticipating the
need for smaller intubation equipment.””*!

Immunology
Immunodeficiency associated with 22q11.2DS is highly
variable and dynamic. Main features in early infancy relate
to the hypoplastic thymus, with 80% of infants having
diminished T cell numbers."*!”> Over time, because of ho-
meostatic expansion and accumulating T cells, T cell counts
typically approach normal.'”® However, the character of T
cells, altered through this process, may lead to functional
deficits, increased apoptosis, and premature aging of T
cells.'”>"7*17% Another feature of 22q11.2DS immunodefi-
ciency is a progressive loss of antibody function followed
by diminished levels of immunoglobulins in a minority of
children.'”” Recurrent and prolonged upper and lower res-
piratory tract infections are common.'?'’* 7180 Iy
addition, secondary consequences related to the altered
behavior of T cells include susceptibility to autoimmunity
(up to 20%), 7SS and to allergies (up to
40%)-23, 176,182

In early infancys, it is important to determine whether the
T cell deficiency is so severe as to require a thymus trans-
plant,z’?’m’185 and/or if blood transfusions need to be irra-
diated.” T cell evaluations are also warranted to determine
whether and when there are sufficient T cells to safely allow
the administration of live viral vaccines (and Bacille Calm-
ette-Guérin against tuberculosis when indicated).'**"*’
Subsequent evaluations monitor for humoral deficiency
with additional assessments in individual cases depending on
immune-related problems.

Hematology and oncology

Mild to moderate thrombocytopenia that may progress with
age and increased platelet volume are common in
22q11.2DS."** Bleeding, usually mild, including epistaxis
and bruising, is reported,”>'**'"" with limited evidence of
increased risk of procedural bleeding.*”'? Platelet
dysfunction may be related to heterozygosity of the GPIBB
gene. A pathogenetic variant on the remaining allele may
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lead to Bernard-Soulier syndrome, a very rare but severe
bleeding disorder.* There is an increased risk for hemato-
logic autoimmunity, most often immune thrombocytopenia
but also autoimmune hemolytic anemia and autoimmune
neutropenia, 7 180:193-193

Yearly complete blood counts will facilitate monitoring
platelets over time. Caution is required to differentiate a
normal decrease from conditions requiring treatment to ensure
unnecessary investigations and therapies are avoided.*

Pediatric malignancies have been reported, including
Wilms tumor/hepatoblastoma, lymphoma and B cell ma-
lignancies, pineoblastoma, medullary thyroid carcinoma,
melanoma, and primitive neuro-ectodermal tumors,**'?%!?7
Further studies are needed to identify the mechanisms by
which individuals with 22q11.2DS may have an increased
risk of malignancy and to determine what the true incidence
and prevalence is within this patient population. Currently,
routine surveillance is not recommended for patients with
22q11.2DS but patients with concerning symptoms require
prompt evaluation.

Musculoskeletal

Scoliosis, usually of adolescent idiopathic type, is common
and may be clinically significant,”**'**'*” sometimes
requiring bracing/spinal surgery.'”**"**°" Other skeletal
issues sometimes requiring surgical intervention include
patellar dislocation,'”*?°*?%  clubfoot,' #2329 poly-
dactyly,'*'%*?%° hammer toe and other foot anoma-
lies.'®29°2% Cervical/occipital anomalies found in almost
all children are rarely consequential (although surgical
intervention may be required),”””*'" likewise, for butterfly
vertebrae and 13 pairs of ribs.”’® Several cases of juvenile
idiopathic arthritis often polyarticular and associated with
IgA deficiency have been reported.**%-20%-2!

Underrepresented in the literature are frequent nonspe-
cific lower leg/foot pains,'* which may be associated with
pes planovalgus and may benefit from orthotics. Cramping
pain from hypocalcemia and other causes, including juve-
nile idiopathic arthritis, should be considered.

Routine scoliosis screening is recommended, with sco-
liometer and with x-ray when clinically indicated, with some
sites screening from age 6 years with radiography at 2-year
intervals until skeletal maturity.** A one-time screening for
cervical spinal anomalies and instability, with radiography
including atlas-dens measurements in flexion and extension
is recommended around age 4 years.”””"”*'* In older chil-
dren and adolescents, if patellar dislocation is suspected,
radiographs are indicated.

Neurology and neurosurgery

Provoked (hypocalcemic) neonatal seizures and jitteriness,
hypotonia, and motor/speech delays are the most common
early neurologic features of 22q11.2DS.”"” Most patients
have some degree of motor dysfunction and speech/lan-
guage deficits,”"” including apraxia.'”® Dystonia has been
reported and should prompt consideration of TANGO2-
related  disease.”’™*'”  Structural brain abnormalities

including polymicrogyria, gray matter heterotopia, Chiari
malformation, cervical spine instability requiring decom-
pression, and myelomeningocele are rare, as is stroke
occurring as a secondary insult, whereas tethered cord seems
to be more common.””-*"*'® Unprovoked seizures and epi-
lepsy occur in up to 15% of patients.‘w’48 Provoked seizures
may result from hypocalcemia, hypomagnesemia, fever/
infection, and medications.”” Any seizure requires investi-
gation including bloodwork, with electroencephalogram
(EEG) and magnetic resonance imaging (MRI) if unpro-
voked. Cyclical vomiting (sometimes referred to as
abdominal migraines), have been observed in a small subset
of patients.

Early interventions (eg, physical, occupational and speech
therapies) can help maximize function. Neurologic evalua-
tion at diagnosis is recommended. Focal neurologic findings,
muscle weakness, abnormal deep tendon reflexes, and/or
severe abnormalities in muscle tone may require additional
interrogation, including brain MRI. In those with bowel and
bladder dysfunction/lower limb upper motor neuron signs,
lumbar spine MRI should be considered to rule out tethered
cord, especially when a sacral dimple is present.”’

Other

Sleep

Sleep disorders such as insomnias and restless sleep are
common and associated with neuropsychiatric problems that
can in turn negatively affect behavior, cognition, and anxi-
ety, in addition to physical health issues.”””"*'" A low
threshold for a formal sleep study, ie, polysomnography, to
assess for obstructive/central sleep apnea should be
considered. Interventions including good sleep hygiene,
consistent bedtime routine, and appropriate sleep environ-
ment are beneficial. As with children without 22q11.2DS,
employing additional strategies such as use of melatonin/a
weighted blanket, etc may be beneficial.

Fatigue

Fatigue is a major concern for parents of children/adoles-
cents with 22q11.2DS, but to date has only been studied in
adults.”'® Current understanding of causation is insufficient
because fatigue can have many origins. Given the
multisystem nature of the disorder, underlying somatic (eg,
OSA, metabolic/mitochondrial/cardiac etiologies) and psy-
chiatric causes (eg, anxiety disorders) of fatigue require
investigation.

Mortality

Mortality rates in children range from 5% to 15%, with most
deaths occurring during the first year of life.'”'"” Mortality
is primarily related to complex CHD, often in combination
with other comorbid conditions such as hypocalcemia,
infection, and airway anomalies.*' In addition, the rare
occurrence of autosomal recessive conditions such as
CEDNIK (cerebral dysgenesis, neuropathy, ichthyosis, and
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keratoderma) syndrome and TANGO2-related disease®””"”

due to variants/CNVs involving the SNAP29 or TANGO2
genes, respectively, on the intact chromosome 22ql1.2
allele, may also contribute to premature death.””"'"” The
death rate in children with 22q11.2DS and CHD is greater
than that of children with comparable CHD without
22q11.2DS."" Further studies are required to better under-
stand mortality in the context of multimorbidity.

Cognitive functioning and development

During infancy and toddlerhood, gross/fine motor and co-
ordination difficulties,”'”**" and speech and language de-
lays/disorders predominate.'”>**' From preschool onward,
the variable and often complex cognitive profile reveals it-
self, with borderline and mild intellectual disabilities being
common. Average intellectual functioning (IQ 85-115) and
moderate to severe ID are less common.”’*** Verbal 1Q
often exceeds performance 1Q by >10 points, rendering full
scale IQ estimates less valid, which can have a significant
effect on cognitive remediation,'*%%**2%¢

Learning difficulties, especially in mathematics and lan-
guage comprehension, are ubiquitous regardless of
1Q.”*"** Cognitive deficits occur in most children, typically
in sustained attention, executive function, memory, and
visuo-spatial perception and processing.”””**' A decline in
IQ, especially verbal IQ, over time is common,”’”%*** with
concomitant decrease in mainstream school placement and
increased need for assistance.”””>*> A subset attend post-
secondary school, often with accommodations.

Formal neuropsychological testing is strongly recom-
mended for all children.”*>***** Early assessment of def-
icits and implementation of interventions are critical. For
infants/toddlers, early remediation often includes physio/
occupational/sensory integration therapies.””’ Assessment
of language and communication should include language
comprehension. If overlooked, this can lead to over-
estimation of capacities.”””

For school-aged children, reassessment of IQ and adap-
tive functioning, particularly at transition periods (eg,
primary to secondary school, secondary to postsecondary),
is recommended.’”*" The type of schooling that best sup-
ports the individual child depends on overall cognitive ca-
pacities, the learning profile, and other individual and
environmental factors. For some, additional supports from
an Individualized Education Program will suffice. Others
require more intensive interventions.

At all stages, there needs to be monitoring of changing
and increasing environmental demands with age and
flexibility to avert undue stress. A multidisciplinary
approach, integrating findings from all involved is
Crucial.S1,62,64,171,237,241

Considerations include the complex and changing
developmental profile””’** that may be affected by
medical comorbidities, early hospitalizations, and/or

psychiatric manifestations,””** in addition to sleep distur-

bances’” and reduced physical/emotional stamina. Close
monitoring of these inter-relationships is recom-
mended,””**” as is acknowledgment of the burdens imposed
by 22q11.2DS, with provision of supports and interventions
for the family often beneficial.”*****

Psychiatry

Early neuropsychiatric expression in 22q11.2DS involves
neurodevelopmental disorders, including attention deficit
hyperactivity disorder (up to ~40%), most commonly the
inattentive type and autism spectrum disorder (ASD; up to
~30%),>* with or without intellectual disability and/or lan-
guage disorder supporting the need for periodic (~every 3
years) formal neuropsychological —assessments.”*"**
Approximately 35% of children are diagnosed with an
anxiety disorder, most commonly specific phobia, social
phobia, and generalized anxiety disorder.® Subclinical
psychotic symptoms emerge in childhood and adoles-
cence’® but are not necessarily associated with an
increasing prevalence of a diagnosable psychotic disorder
that may affect about 10% by late adolescence.®”’

Across categorical diagnoses, pediatric symptom do-
mains converge on attention deficits, social-communicative
impairments, repetitive behaviors, and anxiety apparently
unrelated to cognitive ability.”*>*****"*" Low (especially
verbal) IQ, and/or IQ decline, is correlated with a somewhat
increased risk of a psychotic disorder.””' Language decline
in school-age years, similarly, has been related to risk of
psychotic illness in some patients.””> ASD is not associated
with increased risk for psychotic illness,”**”” but some sites
report association with childhood attention deficit hyperac-
tivity disorder inattentive type and/or anxiety.”’>>* As for
schizophrenia in general, cognitive, attentional, and mood
changes are known aspects of the evolving neuro-
developmental disorder itself.”>’""**

Optimal assessment of psychopathology in children with
22q11.2DS occurs in the context of language/cognitive/
psycho-educational assessment, overall functioning, and
physical conditions, including thyroid dysfunction and
hypocalcemia.' Certain  psychotherapeutic/cognitive-
behavioral modalities may not be effective in those with
weak verbal/cognitive skills.”’ Also, discrepancy between
abilities and expectations may contribute to symptoms.’’
Standard management of treatable psychiatric conditions,
including attention deficit hyperactivity disorder, ASD,
anxiety, and psychotic disorders, is recommended but may
not be available or provided for affected children.®>>>>>
There are no known preventions for any psychiatric
illness. However, decreasing stress and avoidance of alcohol
and drugs, especially of early and chronic use of marijuana,
is recommended to lower risk especially for mood- and
psychotic illness.”’
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Transition to adult care and internet safety

Adolescence is a vulnerable time for those with
developmental disabilities, who are at increased risk for
adverse medical and social outcomes.’>****° Youth with
22q11.2DS generally have greater immaturity than their
peers. Thus, despite being arbitrarily considered adults at
age 18 years, individuals with 22q11.2DS often require
significant parental/caregiver support at transition, including
for health care, education, and other life decisions
(eg, guardianship plan, contraception).®’ Individuals with
22q11.2DS are especially vulnerable to bullying, including
cyberbullying.”®” Sexual vulnerability through social media
or other social interactions may also be an issue. In addition,
there may be social limitations, and although desirous of
friendship, impulsivity and deficits in critical judgment may
adversely affect relationship-building.”®"'

Limiting screen time early on, monitoring social media
contacts, while avoiding screen-time conflict and
encouraging alternative activities (eg, sport, music, art), can
potentially reduce risk for adverse outcomes.”**
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Figure 3

Transitioning from pediatric to adult care is a stepwise
approach to health care needs.’® It is essential for pediatric
clinicians to identify, and ideally communicate directly with,
appropriate adult practitioners, including one provider who has
overall responsibility for assessment and follow-up, in addition
to subspecialists depending on needs.”” Timely record transfer/
creating portable health care summaries prevents gaps in
care.”® Legal guardianship must be considered before age 18
years. Formal neuropsychological assessment can help opti-
mize both health care and educational/vocational attainment
and is essential for support programs.’**>*’

Conclusion

In these updated clinical practice guidelines, we provide
recommendations for evaluation, management, and follow-up
of children with 22q11.2DS from birth to 18 years of age. We
outline associated features and the changing phenotype over
the pediatric lifespan (Figure 3). The recommendations are
based on the current state of knowledge and consensus by

Eye

Face
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PALATE and
THROAT

Blood

Bones

Schematic of organ and system involvement associated with the chromosome 22q11.2 deletion syndrome in children and the

multidisciplinary demand over time. Chromosome 22q11.2 deletion syndrome leads to significant morbidity and some premature (Continued)
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Multidisciplinary demand over time in the pediatric 22q11.2DS population

Age Ranges
School-Aged

Early Childhood

Clinical Subspecialty Infancy Adolescence

Genetics?

Family and Psychosocial High

Neurology

Cognition and Development
Speech and Language
Psychiatry

Cardiology

Palate and Craniofacial®

Allergy, Asthma, and Immunology
ENT and Audiology
Gastroenterology

Relative Clinical Demand

Endocrinology
Growth

Genitourinary

Musculoskeletal
Hematology and Oncology
Ophthalmology

Birth 4mo 8mo 1y 6y 13y 18y

Age (months, years)

Figure 3  (Continued). mortality, with frequent multiorgan system involvement. Structural abnormalities, such as cardiac and overt palatal
abnormalities are primarily noted in infancy. Associated functional differences may occur at any time across the lifespan including in infancy,
eg, immunodeficiency, endocrine and gastrointestinal problems, velopharyngeal incompetence, and genitourinary anomalies. Developmental
delay, variable cognitive deficits, and behavioral differences are generally recognizable in early to late childhood but become particularly
evident in adolescence as individuals face increasing environmental demands both educationally and socially. Less frequent manifestations,
when present, contribute to substantial morbidity, such as idiopathic seizures, polymicrogyria, cerebral dysgenesis, neuropathy, dystonia,
neural tube defects, tethered cord, sclerocornea, coloboma, deafness, choanal atresia, laryngeal cleft or web, tracheoesophageal fistula,
autoimmune disease including hypo- or hyperthyroidism, juvenile idiopathic arthritis, immune thrombocytopenia, celiac disease, inflam-
matory bowel disease, vitiligo, and autoimmune hemolytic anemia, growth hormone deficiency, craniosynostosis, scoliosis, patellar dislo-
cation, club foot, intestinal malrotation/nonrotation, Hirschsprung disease, imperforate anus, acne vulgaris, ichthyosis, palmoplantar
keratoderma, and malignancy. Minor malformations generally confer little indisposition but may enhance ascertainment. These generally
include mild dysmorphic craniofacial features, such as malar flatness, upslanting palpebral fissures, hooded eyelids, allergic shiners, auricular
anomalies including overfolded helices, microtia, anotia, protuberant ears, preauricular tags or pits, nasal differences involving a prominent
nasal root, bulbous nasal tip with or without a nasal dimple/crease/hemangioma, hypoplastic alae nasi, atopic dimples lateral to the nares, and
asymmetric crying facies; posterior embryotoxon and tortuous retinal vessels; cervical and thoracic vertebral anomalies including a cervical
“Nike swoosh,” butterfly vertebrae, supernumerary ribs, arachnodactyly, camptodactyly, 2 to 3 syndactyly, polydactyly (preaxial and
postaxial of the hands and postaxial of the feet); and prenatal indicators besides congenital heart disease and palatal anomalies such as absent
thymus, cavum septum pellucidum, diaphragmatic hernia, and polyhydramnios. The lasagna plot visually demonstrates the proportion of
individuals requiring attention across health care subspecialties and the relative demands over time from birth through 18 years, concurrently
considering both frequency and severity of features. Lighter shades should not be interpreted as inconsequential but weighed relative to
patient population prevalence and intensity of symptoms/conditions. ENT, ear, nose, and throat. *Genetics includes genetics and genetic
counseling. ®Palate and craniofacial includes dental.

24,264

experts in the field from many countries. Although some
recommendations are relevant for all, management must be
targeted to suit the individual and the individual condition(s).
In addition, local differences in health care, educational, so-
cial, and other systems need consideration. Coordination of
care, involving generalists and specialists from a wide range
of needed services, is important to help diminish the burden
on patients and their families.

Since the publication of the first practical guidelines
for managing patients with 22q11.2DS in 2011,"* our
knowledge and understanding of many associated fea-
tures has increased, and recently, subspecialty guidelines
have been developed for speech-language disorders and

prenatal considerations. Primarily observational
research has included new data on physical features, such
as the risk of developing scoliosis, and the develop-
mental, cognitive, and psychiatric phenotypes that are of
major concern to parents throughout the pediatric years
and beyond. Research examining the evolving expression
of 22q11.2DS across developmental ages and stages and
interrelated effects of physical, neuropsychiatric, and
developmental features reinforce the need for
multidisciplinary care with a holistic view.

There remain many gaps however in our knowledge
and understanding of this multisystem disorder. The lack
of high-quality evidence limits the strength of the



S. Oskarsdottir et al.

15

recommendations. Particularly, there is a need for
well-designed studies to evaluate recommendations contained
in these guidelines, determine possible differences for in-
dividuals with atypical nested 22ql1.2 deletions, further
contribute to the problematic area of predicting outcome, and
assess current and novel treatment modalities. Such studies
will strengthen our future recommendations so that we may
move closer to our primary goal to optimize health, func-
tioning, and quality of life for children with 22q11.2DS. The
lack of systematic studies and high-quality evidence in
22q11.2DS made many steps and processes that would be
typically undertaken in a rigorous systematic review not
available. Thus, these multidisciplinary pediatric recommen-
dations, along with the companion adult recommendations,’®’
represent consensus statements of good practice for this
evolving field, including contemporary guidance for evalua-
tion, surveillance, and management of the many 22q11.2DS-
associated physical, cognitive, behavioral, and psychiatric
morbidities, while addressing important genetic counseling
and psychosocial issues. As for our initial publication, these
recommendations will continue to require updating, proposed
for 5 years hence, as new information becomes available.
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