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This review aimed to update the clinical practice guidelines for managing adults with 22q11.2
deletion syndrome (22q11.2DS). The 22q11.2 Society recruited expert clinicians worldwide to
revise the original clinical practice guidelines for adults in a stepwise process according to best
practices: (1) a systematic literature search (1992-2021), (2) study selection and synthesis by
clinical experts from 8 countries, covering 24 subspecialties, and (3) formulation of consensus
recommendations based on the literature and further shaped by patient advocate survey results.
Of 2441 22q11.2DS-relevant publications initially identified, 2344 received full-text review, with
2318 meeting inclusion criteria (clinical care relevance to 22q11.2DS) including 894 with potential
relevance to adults. The evidence base remains limited. Thus multidisciplinary recommendations
represent statements of current best practice for this evolving field, informed by the available
literature. These recommendations provide guidance for the recognition, evaluation, surveillance,
and management of the many emerging and chronic 22q11.2DS-associated multisystem morbidities
relevant to adults. The recommendations also address key genetic counseling and psychosocial

considerations for the increasing numbers of adults with this complex condition.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
Genetics and Genomics. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction systematic review of the literature published between 1992-

2021, we have updated the 2015 clinical practice guidelines
22q11.2 deletion syndrome (22q11.2DS) (OMIM #192430, for adults with 22q11.2DS. Adults are defined in this study as
#188400), Figure 1, the most common microdeletion syn- age 18 years and older, thus spanning transition from pediatric
drome in humans,' is a multisystem disorder associated with care to the elderly age range.

congenital and later-onset health issues, with an estimated
prevalence of 1 in 2148 live births (4.7 per 10,000) based on

a recent population-based newborn screening study.” Materials and Methods
Despite the prevalence, substantial morbidity, and avail-
ability of clinical testing, 22q11.2DS, previously known as The 22q11.2 Society recruited expert clinicians worldwide
DiGeorge syndrome or velo-cardio-facial syndrome, re- to revise the original clinical practice guidelines for adults
mains largely unrecognized in adults by both health care in a stepwise process: (1) a systematic literature search
providers and society at large. according to best practices (Preferred Reporting Items
The first clinical practice guidelines for managing adults for Systematic Reviews and Meta-Analyses, 2020;
with 22q11.2DS were published in 2015.” Subsequently, Supplemental Figure 1, guided by a methodologist, (2)
there has been considerable new research on associated con- study selection and synthesis by these clinical experts from
ditions and functioning. With a growing adult population with 8 countries, covering 24 subspecialties, and (3) creation of a
22q11.2DS, owing primarily to improved detection and multidisciplinary consensus document using the Grading of
clinical care of children, updated guidance is needed. Using a Recommendations ~ Assessment,  Development  and
FISH probes
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Figure 1 Chromosome 22 ideogram and genes within the chromosome 22q11.2 LCR22A to LCR22D region. On the left is a cyto-
genetic representation 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 2 horizontal lines in the p arm. The recurrent 22q11.2 deletions occur
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) on
22q11.2 (LCR22A and LCR22D), which flank the typical 2.5 to 3 Mb deletion, are indicated. On the right is a schematic representation of the
2.5 to 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), approximate coordinates are from genome build GRCh37. Common 22q11.2
deletions are shown, with the typical 2.5 to 3 Mb deletion (LCR22A to LCR22D) on top and the nested deletions, with their respective deletion
sizes, indicated below. Each of the deletions shown is flanked by a particular set of 2 LCR22s. Rare deletions not mediated by LCRs are not
shown. Common commercial probes for FISH are indicated (N25 and TUPLE). The 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. Pathogenic 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 hyperprolinemia), 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 (SCARF2; 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 (LZTRI; associated with schwannomatosis 2 and autosomal recessive Noonan
syndrome). Other genes associated with autosomal recessive conditions include cell division cycle protein 45 (CDC45; associated with CGS
(craniosynostosis cleft lip/palate gastrointestinal and genitourinary) syndrome; and Meier-Gorlin syndrome), and transport and Golgi orga-
nization 2 homolog (TANGO2; associated with metabolic crisis with encephalopathy, rhabdomyolysis, cardiac arrhythmia, neurodegeneration,
and sudden death). FISH, fluorescence in situ hybridization; Mb, megabase. (Figure adapted with permission from McDonald-McGinn et al.")
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Evaluation framework,5 based on the literature, best prac-
tice, 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 22q11.2 deletion region (ie, over-
lapping the low-copy repeats (LCRs) LCR22A to LCR22B
region and most commonly overlapping the LCR22A to
LCR22D region; see Genetics section and Figure 1). Re-
ports involving other conditions, such as distal 22q11.2
deletions or restricted to prenatal issues, were excluded.
Given the limited number of systematic studies, eg, ran-
domized controlled trials, in the 22q11.2DS literature, 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.” Draft recommendations per subspecialty/topic
were formulated based on critical appraisal of the literature,
consideration of being more beneficial than harmful, and
best practice per the experts involved (each having seen tens
to hundreds of adult patients with 22q11.2DS), while
incorporating input from patient advocate survey results.
The revised document was subsequently approved for sub-
mission by 2 external reviewers (a family member of an
adult with 22q11.2DS and a genetics expert), neither of
whom were part of the guidelines updating process. A list of
subspecialty areas of the expert panel is provided in
Supplemental Table 1.

Supplemental Methods contain further details of methods
used, including the full search strategy.

Results

The systematic literature search (January 1, 1992 to April
14, 2021) initially identified 6018 citations putatively
related to 22q11.2DS across the lifespan (Supplemental
Figure 1); 3577 were excluded after screening (most were
duplicates or involved other conditions) and 97 were not
able to be retrieved. This resulted in 2344 reports included
for full-text review, of which a final 2318 met inclusion
criteria. Of these, 894 were deemed to have potential rele-
vance to adults. See Supplemental Table 2 for the list of the
2441 articles that were sought for retrieval.

The patient advocate survey results, completed by eight
22q11.2DS patient advocacy organizations, based in 7
countries on 3 continents and representing 7624 families,
prioritized updated guidelines to improve awareness among
health care providers and the public; access to 22q11.2DS
specific clinics, knowledgeable providers, and comprehen-
sive care; and access to genetic testing and genetic

counseling. They ranked the top 5 most relevant subspe-
cialty areas of care, regardless of age, as cardiology; brain
and behavior (psychiatry, neurology, early intervention,
education); genetics (testing, counseling, reproductive
health); ear, nose, and throat (chronic infections, hearing,
palate); and immunology, rtheumatology, and hematology-
oncology. Regarding knowledge transfer, the respondents
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 adults with 22q11.2DS involved
study designs in low confidence categories,” with vanish-
ingly few randomized clinical trials, formal systematic re-
views, or meta-analyses. Given the state of the scientific
evidence available and the challenges inherent to
22q11.2DS, which include multiple comorbidities and high
interindividual variability, recommendations in these upda-
ted guidelines were not formally graded on an individual
basis.’ Globally, the recommendations should therefore be
considered to be weak (ie, conditional or individualized), in
all cases emphasizing those with lowest harm and highest
potential benefit for patients with this rare condition,
informed by long-term experience with patients with
22q11.2DS and their families, that reflect current best
practice.’

Clinical Practice Recommendations—General
Aspects of Management

Brief overview

Adults with 22q11.2DS require follow-up, regardless of age
at diagnosis. There may be congenital/early-onset manifes-
tations of 22q11.2DS with persisting ramifications, but in
virtually all cases, later-onset conditions emerge that require
clinical attention. Knowledge about the high variability in
number and severity of manifestations and 22ql1.2DS-
related risks is essential. Periodic assessments may reveal
(previously) undetected medical conditions, enabling early
treatment, and should be tailored to different life stages. The
multisystem nature and developmental complexity of
22q11.2DS demand broad consideration of signs and
symptoms (Figures 2 and 3), with visits therefore often
necessitating considerable time and effort. Having an
interested/informed generalist involved for patient care/
follow-up/coordination is advantageous.

Typically, for the associated conditions, standard
management and treatment strategies apply, as for idio-
pathic forms of each condition, with similar efficacy ex-
pected. The main caveat is that 22ql1.2DS-related
comorbidity demands attention by all clinicians, regardless
of their subspecialty, with balancing of risks/benefits for
proposed treatments. Repetition and reinforcement of in-
formation, written summaries, and use of simple diagrams
and visual aids to illustrate major points can be helpful.
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Topic/subspecialty

Young adulthood

Genetic counselling @
Reproductive issues

Safety issues

Need for social services

Psychiatry
Neurology ©

Endocrinology ¢

Nutritional (including weight)
Cardiovascular

Sleep

Gastroenterology
Genitourinary
Obstetrics/Gynaecology
Orthopedic/Rheumatology
Immunology

Haematology

Dermatology

Sensory

Age Ranges
Mid adulthood

Late adulthood

Relatively higher

Clinical demand *

Relatively lower

45 60

Figure 2

Age (years)

Estimated multidisciplinary demand over time for adults with 22q11.2 deletion syndrome. Lasagna plot displaying current

estimates of both the proportion of individuals requiring attention on a specific topic/subspecialty and the severity of the manifestations over
time. Lighter shades should not be interpreted as inconsequential but weighed relative to patient population prevalence and intensity of
symptoms/conditions. “Caveats for genetic counseling and reproductive issues would be to consider providing information about new clinical
expectations, and for men about reproductive risks, regardless of age. "Which services are needed will change over time for the individual.
“Neurologic manifestations involve both seizures and movement disorders, including age-dependent parkinsonism. “Spectrum of endocri-
nological manifestations, including chronic diseases (eg, hypothyroidism and type 2 diabetes). *Clinical demand estimates may be higher or

lower for certain individuals than the estimates portrayed.

Involvement of families and/or caregivers, who often
provide monitoring/oversight of treatment compliance and
results, is usually essential.” Patients and relatives/care-
givers require their own individual time with pro-
fessionals. Personalized medical information cards may be
useful.® Optimizing lifetime health and functioning is the
overall goal and includes clear coordination between all
involved.

Figure 3 presents the multisystem features and Table |
an overview of recommendations for periodic assessments
and health monitoring, in order of their clinical relevance
to 22ql11.2DS and the clinical attention typically
required.” International/local differences should be
considered. Of note, however, these recommendations are
most relevant to high-income countries and with corre-
sponding resources. We begin with general cross-cutting
issues then address individual systems, ordering these in
line with clinical relevance, as in Figure 3 and Table 1.

Genetic testing and related issues

22q11.2DS is a contiguous gene deletion syndrome, ie,
affected individuals have loss of 1 copy at the 22q11.2 lo-
cus. Most deletions occur as de novo (spontaneous) events,
unrelated to maternal or paternal age.® Approximately 5% to
10% are inherited from a parent who may be unaware of
their genetic diagnosis, with clinical features ranging from
characteristic to relatively mild.”'” Males and females with

the 22q11.2 deletion have a 50% chance of transmitting the
deletion at each pregnancy. Genetic testing should be
offered to all parents of affected patients, regardless of
age.”””'> When neither parent has the deletion, reproductive
counselling includes a small elevated recurrence risk due to
the rare report of germline mosaicism.'*'* Notably, features
in an affected parent do not predict possible findings in
affected offspring and vice versa. A genetic diagnosis and
genetic counseling can be helpful at any age and regardless
of reproduction-related issues.”'”

Recurrent 22q11.2 deletions originate from nonhomolo-
gous allelic recombination between LCRs.'®'® The most
common 22q11.2 deletion occurs between LCR22s A to D
(85%-90%). This approximately 2.5 to 3-megabase (Mb)
deletion involves more than 40 protein-coding genes.'
Smaller nested proximal 1.5 Mb (LCR22A to LCR22B) and
2.0 Mb (LCR22A to LCR22C) deletions account for 5% to
10% of deletions."'” Rarer LCR22B to LCR22D and
LCR22C to LCR22D nested distal deletions appear to have an
overlapping phenotype.”” Distal deletions beyond LCR22D
(involving other LCRs, LCR22E to LCR22H, OMIM
#611867) should not be confused with 22q11.2DS”" and are
not the subject of these clinical practice recommendations.

Several laboratory techniques are available to confirm or
exclude the presence of a 22ql1.2 deletion, including
chromosomal microarray analysis (CMA), which identifies
genome-wide copy number variants (CNVs). CMA results
provide information on 22q11.2 deletion size and the pres-
ence of additional clinically relevant genome-wide CNVs.'
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Two other commonly available methods require an index of
suspicion: fluorescence in situ hybridization and multiplex-
ligation dependent probe amplification. Standard fluores-
cence in situ hybridization probes target the proximal
LCR22A to LCR22B region and cannot determine deletion
size nor identify deletions outside of the proximal LCR22A
to LCR22B region, eg, LCR22B to LCR22D.""” Multiplex-
ligation dependent probe amplification interrogates the
LCR22A to LCR22D region using several probes, providing
information on deletion size but not about changes beyond
this region.”** Except for very rare translocations, kar-
yotyping will not detect 22q11.2 deletions.

Patients with atypical features should prompt consider-
ation of additional relevant variants. These may not be rare
in 22q11.2DS** and include genome-wide CNVs and other
pathogenic variants® and variants on the remaining chro-
mosome 22 allele that unmask an autosomal recessive
condition.'””“?® CMA reveals CNVs; exome or genome
sequencing may reveal other types of variants.’’ Limita-
tions of most genetic tests include high cost, limited
availability, and lack of reimbursement or coverage by
health systems.

Genetic counseling

Genetic counseling is essential in the ongoing management of
adults with 22q11.2DS and for their relatives at multiple time
points.”’ Clinicians should provide updated information,
adapted to the life stage and presentation of the individual and
family. A stepwise approach discussing later-onset features
and their management, while addressing possible stigma
associated with psychiatric illness, is helpful.***’ Traditional
genetic counseling approaches must be modified to take into
account learning deficits and common neuropsychiatric/other
medical issues, eg, for adults who may need extra help to
appreciate the information.”"**" Involving caregivers and/or
partners is often essential.

Perceptions of the condition may differ for a parent with
22q11.2DS from those of parents of an offspring with a de
novo 22q11.2 deletion.*” Explaining to affected adults how
their child may be “like them” (in having a 22q11.2 dele-
tion) and yet not “like them” (in having a different clinical
expression) can be challenging.” A diagram showing the
contribution of a different intact chromosome 22 for a parent
and offspring may be helpful. When a parent is identified as
having 22q11.2DS only after the birth of an affected child,
they require genetic counseling that focuses on their own
diagnosis and associated features and risks, in addition to
counseling provided in regard to the child that includes
assessing the need for additional supports.™'>**** Available
reproductive options, including prenatal testing and pre-
conception options such as preimplantation genetic di-
agnostics using in vitro fertilization, should also be
discussed to prepare for any potential future pregnancy.'’

Transition to adult care

Transition planning requires a timely and stepwise
approach, starting from puberty, that attends to each of the
multidimensional needs of the individual with
22q11.2DS.*** Ongoing mental and physical health
monitoring is essential, and coordinated multidisciplinary
care should involve the family health care provider and
interested adult specialists, with transfer of care organized
by the pediatric providers.”® Other fundamental transition
components include education or vocational training,
employment, and housing. Caregivers and/or relevant
agencies may facilitate the acquisition and maintenance of
employment and/or volunteer work opportunities, all of
which can enhance schedule/routine, mental and physical
health, and self-esteem. Optimal independent living situa-
tions support community integration and functional inde-
pendence while maintaining safety. Other considerations
include legal guardianship, ideally before age 18 years, and
medical benefits when universal health care is unavailable.

Aging and outcome

The lifetime burden of illness is substantial, with concur-
rence of medical conditions (multimorbidity)*’ compara-
ble with that of the general population several decades
older.”®" At relatively young ages, adults with
22q11.2DS have increased vulnerability to age-related
diseases including obesity, type 2 diabetes, Parkinson
disease (PD), and hearing loss.”’” Life expectancy for
adults on average is less than that expected for unaffected
relatives.’® Probability of survival to age 45 years has been
reported to be approximately 95% for those with no major
congenital heart disease (CHD) and 72% for those with
major CHD (eg, tetralogy of Fallot, truncus arteriosus); no
significant effects of intellectual disability or treated major
psychiatric illness were detected.”® Deaths are most
commonly due to cardiovascular causes, even when
compared with other individuals with CHD, and with
proportionately more sudden cardiac deaths in individuals
with 22q11.2DS.”*°°

Further studies at older ages are required to better
define natural history. To date, most reports involve
adults in their mid-30s on average.” Multimorbidity and
related polypharmacy’® urge the need for a holistic, pro-
active, multisystem approach versus one solely focused on
demand-driven care or on one organ system. Medication
reviews may optimize appropriate prescribing.®’ Moni-
toring and prompts for medication intake are often
needed. At any age, selected patients and families could
potentially benefit from palliative care support. Long-term
planning, eg, as parents/primary caregivers age, may
involve siblings, partners, and/or agencies and others in
the circle of care.
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Genetics

. Additional clinically relevant variant

Cognitive and adaptive functioning
Intellectual disabilities

Intellectual decline
Deficits in adaptive functioning
Impairments in executive functions

Psychiatry

Anxiety disorders
Psychotic disorders, schizophrenia
Autism spectrum disorders
Persisting attention deficit disorders
Substance-use disorders

Catatonia

Neurology
Seizures, often secondary, recurrent

Epilepsy
Parkinsonism, early-onset Parkinson’s disease
Other motor disorders (e.g., dystonia, myoclonus)
Asymmetric facies / hemifacial paresis
White matter hyperintensity signals on MRI
Endocrinology and metabolism
Hypocalcaemia / hypoparathyroidism
Hypomagnesemia
Thyroid disease, usually hypothyroidism
Obesity
Type 2 diabetes

Cardiology / cardiovascular and respiratory
Congenital heart disease requiring follow-up
Hypertension, arrhythmia / heart failure, aortic root
dilatation
Lymphedema
Asthma

Sleep pattern disruptions
. Obstructive sleep apnea

Gastroenterology
General GI symptoms (e.g., constipation, dysphagia)
. Gastro-esophageal reflux disease
Cholelithiasis
Fatty liver

Genitourinary, gynecology

. Congenital anomalies, renal cysts, renal failure
Menstrual disorders (e.g., dysmenorrhea)

Sexual and reproductive health / obstetrics
Sexual / reproductive knowledge deficits
. High-risk sexual behaviours / STIs
Pregnancy and delivery complications
General surgery

. Surgical complications (all types)
Hernias, all types
. Pilonidal sinus, varicose veins
Skeletal
Scoliosis of varying degrees
Patellar dislocation
Clubfoot
Arthritis, rheumatoid and others
Minor vertebral / rib anomalies
Immunology and related
Autoimmune disease and atopy
Poor vaccine responses
Recurrent infections
Haematology and oncology
Mild-moderate thrombocytopenia / mild cytopenias
Immune thrombocytopenia (ITP) / hemolytic anemia
Impaired hemostasis (e.g. epistaxis, menorraghia)
Anemia of chronic disease
Possible increased risk of cancer
Sensory deficits
Refractive errors requiring glasses
Hearing loss (especially high-frequency loss)
Severe olfactory deficits
Tortuosity of retinal vessels

Dental caries
Enamel hypoplasia, low saliva secretion
Malocclusion

Aging and outcome
Multimorbidity and polypharmacy
Elevated premature mortality risk

Common

Less common
Rare, but clinically relevant
Common, but not requiring clinical attention

Figure 3  Features and risks in adults with 22q11.2 deletion syndrome. This figure presents the multisystem features and relative risks
of these features associated with 22q11.2 deletion syndrome in adults with this genetic condition. The relative prevalence of each feature is
indicated by a box to the left of the named feature; thus, features that are most common have a dark blue box, less common an intermediate
blue box, and rare but clinically relevant a pale blue box. A white box indicates features that may be commonly associated but do not require
clinical attention. GI, gastrointestinal; MRI, magnetic resonance imaging; S77, sexually transmitted infection.

Cognitive and adaptive functioning

There is substantial variability in intellect in adults with
22q11.2DS. The most prevalent full scale IQ is in the
borderline range (70 to 85)."”%* 22q11.2DS imparts on
average a 30 IQ point deficit relative to parental IQ,** with

expectations lower for those with an inherited deletion®* and
somewhat higher for those with a nested LCR22A to
LCR22B deletion.”’

Regardless of intellect, specific learning disabilities/im-
pairments in cognitive functioning may be present.
Although there are often no significant differences between
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Table 1 Recommendations for periodic assessments and management of adults with 22q11.2 deletion syndrome

Assessments and Management

At Diagnosis/Initial Assessment

At Follow-up (Every 1-2 y)

Genetic

Parental genetic testing (FISH, MLPA, or microarray)® v

Genetic counseling (including recurrence risk, update on v v
natural history, management)

Family planning, reproductive and prenatal counseling v v

Additional genetic testing” If applicable

General

Consultation with clinician(s) experienced with 22q11.2DS° v v

Comprehensive history-taking (including family history), v v
systems review, and medication review

Assessment of need for/coordination with specialist(s) v v
providing care

Nutritional assessment; diet and exercise counseling v v

Sleep evaluation (consider polysomnography), sleep hygiene v v
recommendations

Vaccination counseling, other standard preventive health care v v
measures

Assessment of functioning (including hygiene), care/supports v v
(family/community/government), safety issues
(eg, financial, internet)

Physical examination and additional diagnostic tests

BMI, resting heart rate, blood pressure v v

22q11.2DS-relevant laboratory tests® v v

Echocardiogram v

Abdominal ultrasound v

Routine care/hearing, vision, dental assessment® v v

Targeted clinical assessments’

CNS—psychiatric, neurologic, neurocognitive assessments v v
(including for anxiety, psychosis, seizures, movement
disorders, formal testing of cognitive and adaptive
functioning/ADL)

Congenital cardiac (ACHD) and cardiovascular risk assessment v v

Endocrinology v v

Genitourinary, obstetrics/gynecology assessment (including v v
contraception, pregnancy risks, and safe sex counseling)

Hematology, gastroenterology, orthopedic/rheumatology, v v

respirology, immunology, otolaryngology, ophthalmology,
dermatology

“v”™ indicates if not previously performed as an adult or in recent years, and with a low threshold for late-onset manifestations of 22q11.2DS, including

aortic root dilation, gallstones, fatty liver, and nephrocalcinosis.

22q11.2DS, 22q11.2 deletion syndrome; ACHD, adult congenital heart disease; ADL, activities of daily living; BMI, body mass index; CBC, complete blood
count; CNS, central nervous system; FISH, fluorescence in situ hybridization; MLPA, multiplex-ligation dependent probe amplification.

Adapted from Fung et al®> and Bassett et al.”
*Strategy depending on test availability.

PWhen rare recessive condition associated with a gene in the 22q11.2 deletion region is suspected or atypical phenotypic features are observed.

‘Having seen several adult patients with 22q11.2DS both in consultation and follow-up (if possible).

4CBC and differential, thyroid-stimulating hormone, (pH-corrected ionized) calcium, magnesium, creatinine, lipid profile, glucose, and HbA1c; other
examples are parathyroid hormone, electrolytes, and liver function tests (especially alanine aminotransferase); checking CBC and calcium preoperatively and
postoperatively, as well as regularly during pregnancy, also recommended.

Follow-up intervals may be longer.

fConsideration of referral to and collaboration with (medical) specialists in individual cases; especially in cases with complex diagnosis and/or complex
management, taking into account the variability in natural history between patients and increased risk of many health issues.
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verbal and performance IQ in adults with 22q11.2DS,**°
many have relative strength in verbal abilities, thus may
have a “hidden disability.” Executive functions, such as
problem solving, flexibility, working memory, concentra-
tion, and impulse inhibition, may be differentially
affected.®’ Thinking is often literal or concrete, arithmetic
particularly challenging, and social cognition is frequently
affected, with difficulty recognizing emotions or sarcasm
and interpreting others’ intentions and behavior (theory of
mind).**°*’ Collectively, cognitive deficits may contribute
to poor social judgment and decision-making. Some in-
dividuals may be impulsive, emotionally immature, and/or
lack critical judgment yet be desirous of friendship. These
factors increase the risk of experiencing traumatic events
such as financial and/or sexual exploitation, bullying/abuse,
and safety issues, including those related to the internet.”"”’
Challenges may be compounded by reluctance and/or
inability to admit to or recognize deficits and/or to ask for
assistance.

Levels of adaptive functioning also vary widely.
Higher IQ, better executive functioning, and absence of psy-
chotic illness predict better overall adaptive functioning, on
average.’®®” Stress,”” sleep disturbances,”* and fatigue’> may
negatively affect functioning. Relative strengths include daily
living skills such as household chores and employment suited
to the individual;">°” more than 60% of adults are employed in
the open market or assisted employment.®>’® Most require
assistance with completing forms, managing money, and
making complex life and work decisions. Some require more
basic help, eg, assistance with or reminders for personal hy-
giene. Although many meet criteria for intellectual disability,
severe disabilities are relatively rare.’’

Individuals with 22q11.2DS may perceive more stress
and/or have less resilience in coping with day-to-day stress,
including change, than others.”*’**" However, response to
stressors may not be predictable,””’*®" eg, many adults
with 22q11.2DS cope better than expected with major
events such as bereavement, especially when regular rou-
tines and supports remain in place.

Assessment of cognitive and adaptive strengths and
weaknesses, especially at transition to adulthood, is rec-
ommended, with more detailed neurocognitive assessments
needed in individual cases. This is often essential to provide
evidence of need for supports and services and can help
prevent overestimation of abilities. Counseling caregivers
and others about realistic expectations given the individual’s
capabilities and hidden disabilities can reduce stress and
thus improve outcomes.’®®’ Repeated assessments of
cognition and adaptive functioning are recommended when
changes are noted and/or new neuropsychiatric illnesses (eg,
schizophrenia, PD) arise,’"8%83

Generally, structure and daily routine, in addition to
adequate treatment of comorbid illnesses, facilitate optimal
overall functioning. Relative strengths in visual over verbal
memory and in domains of daily life functioning can be
used to optimize and/or sustain independence. Remediating
and compensating measures for problem areas should be

66,67,72

taken as possible. Family members, other caregivers, and
professionals involved in care should be cognizant of po-
tential problems to provide support accordingly.” To facil-
itate understanding, it may help to ask the patient to explain
things back and/or write/text them. Part-time employment
may be preferred and accommodations in the workplace
may be needed, eg, more breaks, shorter working hours,
and/or repeated instruction. Because patients may not
complain, even when symptoms are significant, extra effort
may be required in clinical assessments.

Clinical Practice Recommendations—By
System, Emphasizing Treatable Associated
Conditions

Table 1 and Figure 3 provide details pertinent to both the
section above on general aspects of management, and to the
following recommendations that emphasize treatable asso-
ciated conditions that are presented by system.

Psychiatry

Psychiatric illnesses comprise the most common group of
later-onset conditions in 22q11.2DS*****> and are typically
of greatest concern to patients and their families because of
perceived burden, stigma, and effects on quality of life/daily
functioning.’**"-***" Reassuringly, these are treatable con-
ditions although may constitute management challenges and
comorbidity is common.***#

Most common in 22q11.2DS are anxiety disorders, with
about 2 to 3 times the expected population prevalence.**”’
Also important are psychotic disorders such as schizo-
phrenia given the 20-fold increased risk over general pop-
ulation expectations; about 1 in every 4 to 5 adults with
22q11.2DS will develop schizophrenia.*®***>"*%% Autism
spectrum disorders and some cases of attention deficit dis-
orders diagnosed in childhood persist in adulthood and may
co-occur with other psychiatric disorders.**”"*"> Major
depression and bipolar disorder appear to have similar
prevalence as in the general population.”®**% Substance
use disorders may be less common’*”° yet remain important
for individual management (cannabis, eg, conveys risk for
psychotic, mood and hyperemesis disorders, and poor
functioning).”” There is some evidence for increased risk of
catatonia, usually with psychotic illness.**

Appreciation of learning/intellectual disabilities and is-
sues such as suggestibility is important as well as appreci-
ation of comorbid physical conditions, symptoms, and
treatments. Also noteworthy is worsening of emotional/
temper outbursts that are common in 22q11.2DS.” These are
often a harbinger of untreated or undertreated anxiety or
psychotic illness. Other illnesses (eg, epilepsy, obstructive
sleep apnea, asthma, hypocalcemia), and factors such as
caffeine” and emotional immaturity may contribute but are
rarely wholly causal.”®
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The individual with 22q11.2DS may need extra time and
a comfort level difficult to achieve in a brief encounter
compared with other patients and may still have difficulty
articulating symptoms and changes in functioning. Collat-
eral information and obtaining an appreciation of the
environment and its challenges are valuable as well as
weighing expectations and individual capabilities.***°’
Challenges with respect to diagnosis of psychiatric disor-
ders in the context of intellectual disabilities can be over-
come in most cases with extra care in history-taking and
collateral information from those who know the patient
best.””"?

Early detection, diagnosis, and prompt institution of
treatment are important for effective management. Aware-
ness of the patient’s long-term baseline state and monitoring
for changes in emotions, thinking, sleep, fatigue and other
physical states, behavior, and overall functioning is crucial.
This will facilitate diagnosis and ongoing management and
provides goals for determining efficacy of treatment. ™"
Attention to other 22q11.2DS-associated conditions should
include caution about endless searches for physical causes
of treatable psychiatric illness.

As for virtually all 22q11.2DS-associated conditions,
standard management according to general clinical practice
guidelines for the psychiatric illness is recommended. This
includes pharmacologic treatments, eg, antipsychotic and
antianxiety/antidepressant medications, with proven effi-
cacy.'”'"* The main caveat is attention to both existing
comorbidities and risks in 22q11.2DS. Thus, careful moni-
toring and management strategies for anticipated side effects
are needed.’*>>'%*'% Patients may benefit from a “start
low, go slow” approach to medication dosing. One example
is the effective treatment with clozapine for schizophrenia,
in which the lowered seizure threshold of 22q11.2DS may
be managed by this strategy and consideration of prophy-
lactic use of anticonvulsant medication.'’ Standard non-
pharmacologic treatments are also often helpful but may
need to be adapted to specific needs of the affected in-
dividuals.'”” Fear of, and associated stigma related to,
standard treatments for psychiatric illness should not pre-
vent the adult with 22q11.2DS from receiving effective
recommended management.

Neurology

The main neurologic manifestations involve seizures and
movement disorders, with a lower threshold for both in
22q11.2DS related to primary cerebral dysfunction and
secondary to other 22q11.2DS-associated conditions and/or
their treatments.

Single and recurrent seizures are common and can be of
various types, including generalized tonic-clonic, typical or
atypical absences, myoclonic, or focal with preserved or
impaired awareness. Atonic, clonic, and tonic seizures are
rare.' """ Adults with 22q11.2DS have a 4-fold increased
risk of epilepsy.''” Seizures deemed acute symptomatic or

provoked may be secondary to hypocalcemia, hypomagne-
semia, fever, medications, etc. %113 I gome patients,
seizures/epilepsy may be associated with stroke or malfor-
mations of cortical development (eg, polymicrogyria, focal
cortical dysplasia, periventricular nodular heterotopia, and/
or hippocampal malrotation).''*""'%"!*!1> Increased white
matter hyperintensity signals are common but have no clear
clinical relevance.''®

Adults also have an increased risk of developing PD,
particularly early-onset PD.”"" Clinical and neuropatho-
logical findings and treatment response are largely indistin-
guishable from idiopathic PD.”">* Parkinsonism not meeting
criteria for PD, dystonia, and functional neurologic disorders,
may also be more common in adults with 22q11.2DS than in
the general population.'”>'"”""'"® Myoclonus, motor tics,
restless legs, postural and action tremors, and drug-induced
movement disorders are also reported.'”>''*'?° Hypocalce-
mia may induce or worsen movement disorders.'*"'**

To ensure prompt diagnosis and treatment, periodic
neurologic enquiry/assessments should be considered for
seizures/seizure-like episodes and cardinal motor features of
PD or other movement disorders, supplemented by
standardized rating scales and ancillary procedures.®>"*
When diagnostic uncertainty exists, dopaminergic imaging
(when available) may assist in differentiating drug-induced
from neurodegenerative parkinsonism.””'*’ Treatment of
seizures is tailored to seizure type and contributing condi-
tions, as for idiopathic epilepsy. For patients with suggestive
features, collaboration with a 22q11.2DS specialist, epi-
leptologist, and/or movement disorders neurologist is
recommended.*”**

Other individual systems, medical and surgical
issues

Endocrinology and metabolism

Endocrinopathies that require ongoing attention comprise a
major part of the multimorbidity observed in adults with
22q11.2DS.*

Hypocalcemia associated with relative or absolute hy-
poparathyroidism is an issue for most patients and may arise
or recur at any age and despite apparent resolution in
childhood.""*'?* There is an increased risk with any bio-
logical stress, including surgery, fracture, injury, childbirth,
or infection. In some cases, hypothyroidism and hypomag-
nesemia may be associated and/or contributory condi-
tions.'"” Hypocalcemia may be asymptomatic, associated
with fatigue, irritability, and abnormal involuntary move-
ments of any sort, or prolongation of the QT interval on
electrocardiogram. Undetected/untreated hypocalcemia can
have serious consequences, including seizures, cardiac ar-
rthythmias, and rarely, cardiomyopathy.''*'* Longer term
issues may include lower bone mineral density,'*® with risk
for osteopenia/osteoporosis. Hypocalcemia may be wors-
ened by alcohol or soda drinks, especially colas.'”’
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Regular investigations include calcium, parathyroid
hormone, magnesium, thyroid-stimulating hormone, and
creatinine concentrations. Targeted calcium monitoring
should be considered at vulnerable times, including peri-
operatively, perinatally, in pregnancy, and during acute
illness. Daily vitamin D supplementation is recommended
for all adults, sometimes with calcium supplementation.
Management using hormonally active vitamin D metabo-
lites, eg, calcitriol, is reserved for more severe/refractory
cases usually with endocrinologist consultation. Caution is
advised with respect to overcorrection, which can result in
iatrogenic hypercalcemia, renal calculi, and renal failure.
This can be inadvertent, eg, with dehydration or treatment
compliance changes, but needs to be identified and reversed.

Thyroid disease is common in adults. Nearly 1 in 4 require
treatment for primary hypothyroidism, with onset on average
decades earlier and with less female predominance, compared
with general population expectations.””''* Another 1 in 20
has hyperthyroidism, often requiring management of sec-
ondary hypothyroidism after treatment. Symptoms of thyroid
disease may be confused with those of neuropsychiatric and
other conditions.'"? Thyroid function should be assessed
annually. Standard treatments are effective.

Predisposition to obesity appears to be part of 22q11.2DS,
with onset often in adolescence or young adulthood.” Also,
even after accounting for known risk factors (eg, family
history, ethnicity, medications, obesity), the 22q11.2 deletion
conveys increased risk of type 2 diabetes with on average
younger (by 18 years) onset than population expectations.’”
Thus, implementing dietary and exercise preventive/man-
agement measures as early as possible is recommended and
other standard treatments, eg, hypoglycemics, statins, as
indicated. As yet, less is known about metabolic syndrome,
nonalcoholic fatty liver, and other cardiometabolic conditions
including hyperlipidemias in 22q11.2DS."**

Cardiovascular and respiratory
CHD represents a chronic disease requiring regular follow-
up at an adult CHD center.'””*"*" Prevalence in adults ap-
pears lower than that reported in children with 22q11.2DS,
likely related to broader ascertainment strategies, but
elevated mortality risk, including premature sudden death,
may also be a factor,**27%-00-131.132

Assessment for the necessity of and/or timing of catheter-
based and/or surgical reinterventions (eg, valve/conduit
replacement), and management of heart failure and
arrhythmia, by a multidisciplinary team of experts proceeds
as recommended for the individual CHD."*”"*" Even in the
absence of CHD history, adults require periodic cardiovas-
cular assessment for aortic root dilation,'**"** cardiovas-
cular risk  factors (obesity, diabetes mellitus,
hyperlipidemia),”**>*'** and systemic arterial hypertension.
Consideration of edema includes 22ql1.2DS-related pre-
disposition to varicose veins and lymphedema.™'*”

Asthma can persist or arise as a management issue for
adults with 22q11.2DS and can be a treatable cause of

abnormal pulmonary function in CHD.'*® Consideration of
obstructive sleep apnea (OSA) is also important.'*’

Sleep

Insomnia and disrupted sleep patterns are a burden to many
adults and may be attributable to improper sleep behavior,
untreated/undertreated psychiatric illness, OSA, restless
legs, stress, and/or caffeine.**"-"'%-137-139 poor sleep quality
may affect daily life through fatigue, cognitive impairment,
and/or negative mood.’*7>-"37-13%

Routine evaluation should include information about
sleep behaviors, duration, and quality, with formal sleep
study, ie, polysomnography, considered for those with his-
tories suggestive of OSA and/or related risk factors (eg,
palatal anomalies, obesity). Management involves standard
sleep hygiene recommendations; hypnotics are seldom
needed.'” Treatment of underlying conditions improves
sleep and often also physical and mental health. Continuous
positive airway pressure therapy for OSA may require
attention to optimal mask-fitting, managing claustrophobia,
and encouraging use.

Gastroenterology
Common gastrointestinal (GI) issues include constipation,
dysphagia, easy gagging/vomiting, and gastro-esophageal
reflux disease, with cholelithiasis and fatty liver in a sub-
stantial minon'ty.48 Diet, supplements, medications, and co-
morbid non-GI conditions, including anxiety, thyroid disease,
and PD, may contribute to or account for GI symptoms.”"®
History-taking includes the above considerations and
ongoing vigilance for constipation. Dietary interventions are
a mainstay, with prophylactic laxatives suggested for pa-
tients taking clozapine.'*' Consulting a pharmacist may
suggest alternatives for those having difficulties swallowing
pills. Gallstones and fatty liver may be detected through
abdominal ultrasound scanning.

Genitourinary, obstetrics and gynecology, and sexual
health

Although genitourinary manifestations may involve
congenital anomalies (eg, hydronephrosis, renal cysts, renal
agenesis, phimosis, hypospadias, absent uterus),'**'*
detection and/or secondary problems may be delayed until
adulthood. Those treated with calcium supplements and/or
calcitriol have increased risk for iatrogenic nephrocalcinosis
and/or decreased glomerular filtration. Data are limited but
other renal diseases appear to be rare; diabetes could in-
crease risk. Gynecologic issues include dysmenorrhea and
ovarian cysts. Obstetrical risks are elevated given frequent
comorbidities including learning disabilities; affected fe-
tuses further signal a high-risk pregnancy.”'*

Intimate partnerships, sexual activity, and considerations
about pregnancy are important for many individuals with
22q11.2DS.*’" Although there is little evidence of infer-
tility," reproductive fitness is somewhat reduced for men,
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those with severe CHD, and more so for those with severe
intellectual disability or psychotic illness.'*>'*’ Pregnancy
loss is an important health issue.'*” There may be limited
knowledge about this, or regarding sexual health in general
and genetic risk to offspring.”""'*” Unplanned pregnancies
or sexually transmitted infections, which may be related to
exploitation, have the potential to worsen pre-existing
medical and social conditions.”"'*> For some affected par-
ents, there is an elevated likelihood of involvement with
child protective services.”"'*

Careful history-taking will reveal changes, including in
urinary functioning and menstrual periods. Physical exam-
ination and screening abdominal-pelvic ultrasound may
reveal ameliorable issues.

Routine assessments to identify the wants, needs, and
concerns of individuals related to sexual and reproductive
health are recommended.”' This may involve views and
concerns of partners and/or caregivers. Developmentally and
culturally appropriate counseling, education, and manage-
ment, including for sexually transmitted infections, cervical
cancer screening, and other preventive initiatives (eg, human
papillomavirus vaccines for both sexes), should be provided.”’
Contraceptive options should be discussed with all patients.
Preconception folate supplements and as above, genetic
counseling, are standard for those considering reproduction.”’

Preconception, pregnancy, delivery, and postpartum
monitoring of 22q11.2DS-associated conditions will help elu-
cidate risks and can prevent potential complications;™’'>'*?
CHD requires special considerations.'*”-'**'**'* For fetuses
with 22q11.2DS, there is an elevated risk for prenatal growth
abnormalities (small for gestational age at birth) and other
conditions, eg, polyhydramnios, regardless of the affected
status of parents;”'*>'*" specialist care and delivery at a tertiary
care facility are recommended.'”

General surgery
Hernias, cysts of all types, pilonidal sinus, and varicose
veins are surgical issues in adults.”*® There is an overall
somewhat increased risk of surgical complications in
22q11.2DS, including bleeding, infections, seizures, atel-
ectasis, and difficult intubation.””!>1152

Careful management with attention to comorbid condi-
tions and anatomical variants'>*'* will mitigate increased
risks and decrease fears. Recommendations include careful
perioperative monitoring of complete blood count with
differential and of calcium levels.”'"” Intubation may
require smaller sized equipment and, rarely, attention to
cervical spine anomalies.

Skeletal

Clinically relevant manifestations include scoliosis,
recurrent patellar dislocation,”® musculoskeletal pain, per-
sisting juvenile idiopathic and later-onset forms of arthritis
(eg, psoriatic, osteoarthritis),’””'® clubfoot,'””'" ham-
mertoes and other foot abnormalities. Recurrent limb pains

48,155,156

may relate to flat feet, vitamin D deficiency, or possibly
mitochondrial dysfunction.'®" There are also reports of ex-
ercise intolerance and reduction in bone mass.'*

Routine history and physical examination, eg, for scoli-
osis (early adulthood) and joint abnormalities, are recom-
mended with radiographic screening weighed against
radiation exposure. Standard management for individual
conditions is recommended. Severe scoliosis or recurrent
patellar dislocation may require bracing or surgical man-
agement."*'°>'> Employment restrictions and accommo-
dations may be warranted.

Immunology and related issues

Autoimmune diseases and atopy are important ongoing and
emerging conditions in adults.” These may affect infection
frequency, but recurrent infections are generally less prob-
lematic in adults with 22q11.2DS than in children with
22q11.2DS."*" In a minority, immune compromise persists
into adulthood, often associated with some type of antibody
dysfunction and/or deficiency.'®'®" Delineating the full
range of autoimmune disease and infection risk in aging
adults with 22q11.2DS awaits formal study.

Vigilance for and management of autoimmune diseases
is warranted, including routine screening for thyroid dis-
ease.”' "’ Immunologic evaluation is recommended only for
those with recurrent (IgG, IgA, or IgM-related) or oppor-
tunistic (T cell-related) infections and/or severe atopy to
identify risks that require active mitigation. A minority of
patients require immunoglobulin replacement therapy.'®*
All benefit from standard vaccinations, including COVID-
19 and influenza, although some may have reduced
response.’ °° Table 2 presents some further management tips.

Hematology and oncology
On average, platelet counts are lower in 22q11.2D
Thrombocytopenia, large platelets and reduced platelet
quality, as well as anemia and leukopenia, are common but
usually mild. Immune thrombocytopenia,'®* Bernard—
Soulier syndrome, and autoimmune hemolytic anemia are
rare but can be severe.'’” Increased bleeding may be an
issue for some.'®”'’? Some reports suggest a somewhat
increased risk of cancer.'”*"'"°

Platelet function studies may be considered for signifi-
cant bleeding histories. Specialized immunology testing for
recurrent and/or severe immune cytopenia, eg, immune
thrombocytopenia, and immune suppressive strategies to
treat these, may be required.'’>'”” Clinicians should be
vigilant regarding malignancy and ensure routine preventive
measures are applied.

S.l(ﬂ_”l

Dermatology

Skin diseases are often seen in adults with 22q11.2DS that may
relate to autoimmune disease (eg, psoriasis, vitiligo), acne, and
seborrhea/dermatitis.” Standard treatments are required.
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Table 2 Do’s and Do not’s

Topic Do’s Do not's

Genetics Check the genetic test report for details: specific Ignore clinical findings that are atypical for the
region, size," and any other clinically relevant 22q11.2 deletion (eg, profound intellectual
variants (if applicable)®* disability)**4

Communication Use concrete nonjudgmental language and written Ignore collateral information®
summaries in a positive tone®’#%7*

Multimorbidity Designate 1 clinician to coordinate medical and Expect the adult with 22q11.2DS to present all

Pregnancy and postpartum

Surgical procedures
Functioning

Sleep

Neurology

Antipsychotic use

Endocrinology

Hematology

Immunology

Vaccinations

health-related needs and concerns*®

Consider potential worsening of pre-existing
medical and social conditions’****

Monitor calcium and CBC perioperatively®**?

Consider discrepancies in functioning between
cognitive, adaptive, and emotional
domains®®®’

Consider formal sleep study (ie, polysomnography
for obstructive sleep apnea)**’

Consider using standardized clinical rating scales
(eg, MDS-UPDRS), video recordings, and/or
EEG3,53,112

Consider a concomitant anticonvulsant to
mitigate the increased seizure risk when
prescribing clozapine'®®

Strongly recommend/prescribe vitamin D to
reduce the risk of hypocalcemia/
seizures® 1% 113

Be aware that many patients have mild
thrombocytopenia of no clinical
relevance®1%7-16#

Refer patients with recurrent/opportunistic
infections to specialists in immunology™®**%°

Counsel on the importance of vaccines and
facilitate convenience of their provision®®®

symptoms without prompts or additional
information from collateral sources®

Forget to refer to specialized health care and
family and community-based supports, as
available™"*

Ignore anatomical variants

Consider an intelligence test as a static constant
or complete picture of the person's
abilities®®’7%3

Assume a normal sleeping pattern in the absence
of complaints®**’

Attribute parkinsonism to antipsychotic
medication without monitoring for progression
over time®*>?

Ignore risks and management strategies for
metabolic and motor side effects®*>*>°

153,154

Assume normal endocrinological functions in the
absence of complaints®

Neglect a history of chronic bleeding that patients
may minimize, eg, hemorrhoids, lesions’

Order redundant tests for patients without
symptoms*®“

Apply recommendations to adults that are
pertinent only to infants'®®

This table presents some management tips in the form of “Do’s” and “Do not’s” for 13 topic areas pertinent to clinicians caring for adults with 22q11.2

deletion syndrome.

(BC, complete blood count; EEG, electroencephalogram; MDS-UPDRS, Movement Disorder Society-Sponsored Revision of the Unified Parkinson's Disease

Rating Scale.

Sensory deficits
Hearing loss is common,

48,178

caregivers. Many adults need regular ear wax removal, and

particularly high-frequency

hearing aids can help those with hearing loss. Glasses are

179

loss, and can be conductive and/or sensorineural. The
most clinically relevant ocular findings involve persisting
strabismus and/or refractive errors, especially hyperopia
(farsightedness) and astigmatism; other findings (eg,
tortuous retinal vessels, posterior embryotoxon) have no
clinical consequences.”™'’”'®" " OQlfactory deficits may
hinder detection of toxic fumes, smoke, and spoiled food
and affect enjoyment of food.''”"'** Although sensory def-
icits increase with age in the general population, systematic
data in later adulthood are lacking in 22q11.2DS.

A low threshold for formal testing of sensory functions
must be considered, especially with regard to hearing and
vision, given their importance for social interactions and
communication. Information regarding impact of sensory
deficits should be provided to patients and their families/

prescribed for the majority.

Dental
Enamel defects and impaired saliva secretion are
frequent'®'"'® and together with poor oral hygiene, un-

healthy diet and impaired fine motor skills, may contribute
to dental caries. Dental anxiety is common. Poor oral health
negatively impacts quality of life and conveys risk of
infective endocarditis in those with major CHD.'%%'#’

Regular dental care is recommended, as is standard
management of malocclusion. Periodic evaluation of saliva
secretion may be helpful. Caries prevention, including help
with oral hygiene and use of fluorides, is important.'®'"'*?
Standard antibiotic prophylaxis guidelines for prevention
of infective endocarditis apply.'*>'*’
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Conclusion

Since the publication of the initial clinical practice guide-
lines for managing adults with 22q11.2DS,” research has
served to emphasize the evolving expression and complex
care required at all life stages in 22q11.2DS (Tables 1 and 2
and Figures 2 and 3). In addition to previously associated
conditions, recent studies have revealed and/or confirmed
associations with endocrinopathies and neurologic disorders
that require proactive attention and need to be taken into
account when following up those with 22q11.2DS.

Limitations imposed by the very nature of this complex
condition and the lack of studies meeting formal criteria
for high-quality evidence, ie, randomized controlled trials
vs observational studies, constrained the ability of the
panel to meet all of the requirements of a systematic re-
view of the 2318 articles, including the 894 related to
adults. The inherent variability and multisystem
complexity of 22q11.2DS increase risk of bias (eg, sample
selection) for all study types.” The recommendations are
most relevant to higher-income countries. Collectively,
these issues limit the overall strength of the recommen-
dations. Mitigating this were the expert panel’s conserva-
tive approach to the recommendations, focus on
optimizing potential benefit and minimizing harm, and
avoidance of an overprescriptive approach at this relatively
early stage of the field. The emphasis is on clinical judg-
ment tailored to the individual patient and situation in the
context of appreciating the multisystem and evolving
features of 22q11.2DS.

Most importantly, the adult 22q11.2DS population
remains understudied. There is an urgent need for data
on the natural history of 22q11.2DS, especially studies
of older patients and prospective outcome research. Such
research and accounting for multisystem complexity and
ascertainment would facilitate systematic treatment trials,
both pharmacologic and nonpharmacologic, including
early interventions as well as studies of illness burden
and long-term planning. This information is also key for
future global 22q11.2DS clinical practice guidelines re-
view/updating, proposed for 5 years hence in addition to
subspecialty-specific guidelines planned for the near
future.'>'*® All will benefit from involving both patients
and their families and caregivers. Increasing our knowl-
edge may empower the expertise of health care pro-
viders, whether or not they are associated with
22q11.2DS-specific clinics, and increase awareness about
22q11.2DS, thereby improving comprehensive care for
all patients.
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