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Foreword

22ql1 deletions affect health and quality of
life from birth through infancy and childhood to
adult life with over 180 physical, functional and
psychological associations having been reported.
The phenotype is therefore extremely variable,
frequently leading to clinical confusion,
diagnostic delay, excess morbidity, early mortality
and frustration to both affected individuals and
their carers. There is, therefore, a definable need
for better awareness and understanding of, and
coordination of care in, 22q11 deletion syndrome
(22q11DS).

Care of patients affected by 22q11 deletions
is ideally multidisciplinary and, for many, this
requirement is lifelong. Eatly recognition and
optimised, integrated care can achieve much in
the way of improving outcomes and supporting
affected individuals and families. This was the
context and the impetus for Max Appeall to
commission and task a committee of national
experts to develop consensus guidance with the
purpose  of  steering and  influencing
improvements in day-to-day care and strategic
organisation of more informed support at all tiers
across the UK.

The aim of this ambitious project was
principally to compile a comprehensive and
universally agreed lifelong care plan for people
with 22q11DS within the framework of the NHS.
Any value which the document may also have
beyond UK healthcare structures would be seen
as a welcome bonus by the authors.

The Consensus Document is a compre-
hensive but practical and accessible information
resource which has had contributions from major
centres across the UK, stakeholder organisations,
families and over 50 experts (either as authors or
advisers) working in the major clinical fields
associated with 22q11 deletion. The Committee
hopes that the guidance and information supplied
will be of significant material benefit to all
patients and families and those who provide care
and support to them. In particular, given the
heterogeneous clinical impact of 22q11DS, it is
hoped that the document will be of broad
professional interest, relevance and utility. Max
Appeal! and the expert group is committed to the
dissemination of this information as a basis for
identifying and applying minimum care
standards, helping to avoid the situation where
every family has to forge their own path to access
adequate care.

Knowledge of 22q11DS is ever increasing.
The Consensus Document is not intended to be
static or written inflexibly in stone and will be
revisited as necessary to reflect significant new
insights, practices, processes and structures.

The Committee wishes to express its
gratitude to everyone who has contributed in any
way to the development of this document and to
Max Appeal! for the opportunity to participate in
this project.

Richard Herriot

Chair of the Max Appeal! Consensus Document Development Committee
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Executive summary

This report was commissioned by Max
Appeall, a charity for individuals and families
affected by 22ql1 Deletion Syndrome
(22q11DS). It is designed to complement the
‘Practical Guidelines for Managing Patients with
22q11.2 Deletion Syndrome’ which are summary
guidelines based on a case history and a seties of
tables indicating the various features of the
condition that occur, together with their
recommended screening procedures, at different
ages; as well as cautions and considerations that
need to be borne in mind. These tables are
included as Appendices in this report (with
permission) and the details have been expanded
with particular reference to the UK.

Methods

Findings and  recommendations  are
expressed as levels of evidence®. Sections have
been compiled by clinicians, therapists and

educationalists experienced in the changing needs
of 22q11DS throughout the life cycle.

Genetics, historical trend

22q11DS is a deletion of 1.5 to 3 Mb on the
long (q) arm of chromosome 22. It is the
commonest autosomal deletion in humans.
Before the deletion was identified it was
considered to be a number of distinct clinical
syndromes, principally DiGeorge, Shprintzen or
Velocardiofacial and Conotruncal. Diagnosis is
often delayed by months or years, in part because
specialists may fail to appreciate a genetic link
between disparate disabilities.

Deletion occurs spontaneously in 85% or is
transmitted by an affected parent. Inheritance is
autosomal dominant with a recurrence risk of
50% in offspring. The risk of recurrence from an
unaffected parent carrying the deletion in their
eggs or sperm (germline mosaicism) is 1%.

The 22q11DS population prevalence is
thought to be 1 in 2 to 4000, and at least 1 in 6000
[B]. The number of affected individuals in the
UK and Ireland, population 66 million, is
approximately 10 to 15,000 with 150 to 200
affected infants born each year.

Diagnosis by Fluorescent In Situ Hybrid-
isation (FISH) of the chromosome deletion
identifies  95%. FISH has been largely
superseded by array Comparative Genomic
Hybridisation identifying additional variants of
the deletion, and Multiplex Ligand-dependent
Probe Amplification [B]. Antenatal detection by

Chorionic Villus Sampling (CVS) at 10-12 weeks
gestation and DNA analysis of fetal cells from 16
weeks is available.

Embryological effects of the deletion

Within the deletion is the gene TBXT,
controlling development of the third and fourth
pharyngeal arches. Deficiency results in cleft
palate, palatal insufficiency, cardiac outflow
malformations, parathyroid maldevelopment and
absent or underdeveloped thymus. Immune
function of T and B cells may be affected, with a
life time increased likelihood of immune related
disease. Other organs affected include the brain,
causing behavioural and cognitive impairment
and  increased  frequency of  seizures,
schizophrenia, abnormal pituitary development,
kidney and genitourinary system formation, and
skeletal malformations including scoliosis and
club foot.

Presentations

These may be considered by body system and
characteristic age of initial presentation. Severity,
even between affected members of the same
family, is highly variable [B].

Fetal anomaly screening may result in
identifying that both fetus and mother are
affected. Careful multidisciplinary assessment of
the pregnancy is required [D].

Facial dysmorphia are subtle especially in
infancy. They include long narrow face, almond
shaped eyes, a bulbous nose (becoming evident
with age), small mouth, overfolded ear helix,
asymmetry of facial movement [C], and
occasionally skull asymmetry due to cranio-
SyNnostosis.

Cardiac malformations affect 50 to 85%.
They may appear shortly after birth with cyanosis
due to reduced blood flow to the pulmonary
circulation by right ventricular outflow
obstruction as in Fallot’s tetralogy, pulmonary
atresia, and multiple aorto-pulmonary collateral
arteries (MACPA), or with cardio-vascular
collapse due to systemic outflow obstruction
from aortic arch narrowing or interruption.
Otherwise, within a few days or weeks heart
failure due to large shunts such as VSD and
truncus arteriosus may develop. Treatment is
individualised according to the underlying lesion.

Hypocalcaemia occurs in 30 to 60%, often by
school age [B]. It presents as jitteriness, seizures,
stridor (differentiate from laryngeal web or nerve
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palsy), or biochemically due to hypopara-
thyroidism, often uncovered by the stress of
birth, cardiac surgery, puberty or pregnancy [C].
Calcium supplements and vitamin D analogues
are effective treatment. Tooth enamel is weak
and prone to caries.

Immune disorders affect the majority
relatively mildly. In 1% it is severe, requiring
thymus transplant [C]. Recurrent  upper
respiratory  infections are increased by
concomitant  velopharyngeal — incompetence
(VPI). Pneumonia affects 10%. Antibiotic
prophylaxis in winter may be beneficial
Episodes reduce in frequency with age.
Autoimmune disease such as juvenile theumatoid
arthritis, cytopaenias, coeliac disease and thyroid
disorders are increased in frequency [C].

Early feeding difficulties are common,
affecting 40% [C]. Causes to consider include
palatal anomalies (14%), gastro-oesophageal
reflux, dysphagia (10%) which may be associated
with chest aspiration, cardiac failure, and
developmental delay. Growth is also frequently
affected [B]. Forty percent fall below the 3
centile in height and weight in the first year.
Catch up takes place by late childhood to a little
below average by adult life, with a prevalence of
overweight [B] similar to the general population.
Growth hormone deficiency is increased in
frequency |C].

Articulation and communication problems
occur in 90%, characterised by hypernasal
articulation due to VPI [B/C] and delay in
expressive speech and language development [C].
Signing can be a useful adjunct. Surgery for VPI
may improve comprehensibility. Deafness is due
to otitis media and secretory otitis media in 75%
[C]; 15% also have sensorineural deafness.

Most children are mildly educationally
impaired, mean IQ in the 70’s, and likely to
require schoolroom support. By school age
verbal ability is similar to or better than
performance. Memory, and hence rote learning,
are strengths. Ability to grasp abstract concepts,
especially mathematics, is weak. Clumsiness and
incoordination, with motor hypotonia, are
present in the majority, affecting activities of daily
living, and the development of gross motor and
sometimes handwriting skills.

Troublesome symptoms include con-
stipation and leg pain of unknown cause.
Clinically = significant scoliosis is relatively
common (18%), warranting surgery in 18% of
those affected. It may be structural, appearing
early, or later at 10 to 12 years, similar to
idiopathic juvenile scoliosis.

Behavioural and psychiatric disorders affect
up to 93%. In childhood they include autistic
spectrum  disorders and attention deficit
hyperactivity disorder. Mood swings, panic
attacks, phobias, passivity and poor social skills
are features. Psychotic symptoms may emerge in
adolescence. The prevalence of schizophrenia
was 24% in one adult study.

Many young adults experience social isolation
and employment difficulties and continue to be
liable to the emergence of 22q11DS related
conditions. The life span may be reduced [C].

Recommendations for investigation,

management and referral

At diagnosis:

e Full blood count including differential white
cell count, lymphocyte phenotyping, immuno-
globulins, PHA, post immunisation tetanus and
Hib antibodies [B]

e Serum calcium, thyroid function [B]

e Cardiological examination, echo cardiogram
(B]

e Parental 22q11 status, and siblings if a parent is
affected [B]

e Renal ultrasound looking for single kidney,
cysts, dilated collecting system [B]

e Irradiated cytomegalovirus negative blood
products if immune status is unknown or
severely affected. Urgent specialist referral if T
lymphocytes are absent or very low

e Immunisation: no live vaccine if CD4
lymphocytes  <400/pL. Fully immunise
promptly, including Mumps Measles and
Rubella (MMR) [D]. Avoid BCG, and consult
an immunologist if circumstances require

e Special senses: hearing and eye examination at
diagnosis and as clinically indicated

e Scoliosis examination at diagnosis and in early
adolescence

e Monitor height and weight frequently up to 2
years old, annually thereafter. Slowing of
growth warrants full assessment, including
screening for growth hormone deficiency [D]

e Harly recognition of speech difficulties and
speech therapy intervention may reduce the
appearance of  deviant articulation.
Adenoidectomy may worsen articulation and
should only be contemplated after expert
speech assessment

e Prompt referral to the Paediatric Community
Services for assessment and follow up.
Involvement of therapists for physiotherapy,
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occupational and speech therapy according to
need

e Child and Adolescent Mental Health Services
referral for assessment when ASD, ADHD and
behavioural issues in the preschool and school
age child cause dysfunction. Early psychotic
symptoms need urgent referral

e Local Education Authority for Statement of
Educational Needs, usually by school age.
Liaison between the school Special Educational
Needs Co-ordinator (SENCO) and informed
psychologists to initiate teaching programmes
supporting learning for the distinctive
educational profile many have

® Daily Vitamin D. The dose should be the
recommended daily allowance.

Annual:

e Full blood count for cytopaenias, serum
calcium and thyroid function

e Height and weight

e Monitor for autoimmune disease; autoantibody
testing as clinically indicated

e Regular dental care

e Social work and adult learning difficulty team
referral where an affected parent or the family
are in need of support and advocacy

e Coordinated care by a key worker to guide the
individual’s progress

References

1. Bassett AS, McDonald-McGinn DM, Devriendt K,
Digilio MC, Goldenberg P, Habel A ¢t al. Practical
guidelines for managing patients with 22q11.2 deletion
syndrome. J Pediatr 2011; 159: 332-9.

Limitations of the report:

Few 22q11DS studies have high levels of
evidence for reports and treatment. Evidence is
often extrapolated from studies of unrelated
conditions in which the same disability occuts.

Conclusions

Advances in cardiac surgery and medical
management have resulted in 95% surviving to
one year of age. The number of affected
individuals in the population is therefore
growing. With help to manage their disabilities
many more are now reaching adult life. They
have the possibility of becoming parents, and
adding to the pool of those in need. Careful
coordination and a multidisciplinary team
approach are required for most individuals, with
access to services throughout the life cycle.
Fragmented services for adults with 22q11DS
need to be brought together to build on the
present narrowly focused providers in adult
cardiac and mental health services.

*The grades of levels of evidence and
recommendations are in descending order A to
D, and defined in the main text.

Alex Habel
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1. Introduction

22q11 Deletion Syndrome (22q11DS) is a
chromosomal microdeletion disorder affecting at
least 1 in 6000 children. The condition is
characterised by impaired communication
(especially speech and language delay), subtle
facial features, and a typical cognitive and
behavioural profile. Between 50-85% of affected
individuals have congenital heart disease.
Historically a number of different clinical
syndromes were described e.g. DiGeorge
syndrome (congenital heart disease and T-cell
immunodeficiency with absent/small thymus),
Shprintzen/velocardiofacial syndrome (palatal
insufficiency, congenital heart disease and subtle
facial features) and Conotruncal Anomaly Face
syndrome (outflow tract defects of the heart with
distinctive facial features) before it was realised
that they all shared a common pathophysiology!-
3. Kobrynski and Sullivan provide an excellent
comprehensive and contemporary review of the
chromosome 22q11.24 and there is also an
excellent web-accessible GeneReview on the
topic>.

The great majority of patients harbour a
submicroscopic deletion of a ~3 Mb interval on
chromosome 22q11.2, which encodes more than
35 genes. One of the genes almost invariably
affected in 22q11DS is TBX7 which is a
transcription ~ factor  involved in  the
embryogenesis of the third and fourth pharyngeal
arches. Hence patients with 22q11DS often have
dysfunction in structures detrived from these
branchial arches e.g. the cardiac outflow tract
(Tetralogy of Fallot, Ventricular Septal Defect
(VSD), interrupted aortic arch), the thymus (T-
cell immunodeficiency), the parathyroid glands
(hypocalcaecmia) and the palate (cleft palate,

References

1. Burn J, Takao A, Wilson D, Cross I, Momma K, Wadey R
et al. Conotruncal anomaly face syndrome is associated
with a deletion within chromosome 22q11. ] Med Genet.
1993; 30: 822-4.

2. Driscoll DA, Budarf ML, Emanuel BS. A genetic etiology
for DiGeorge syndrome: consistent deletions and
microdeletions of 22q11. Am ] Hum.Genet. 1992; 50:
924-33.

3. McDonald-McGinn DM,.Sullivan KE. Chromosome
22q11.2 deletion syndrome (DiGeotge
syndrome/velocardiofacial syndrome). Medicine
(Baltimore) 2011; 90: 1-18.

4. Scambler PJ, Kelly D, Lindsay E, Williamson R, Goldberg
R, Shptintzen R ¢# al. Velo-cardio-facial syndrome

palatal insufficiency). Other genes in the interval
contribute to the mild cognitive impairment and
behavioural aspects of the disorder.

The 22q11DS has a minimum birth
prevalence of 1 in 5950 births¢ [B] and occurs in
all major ethnic groups. Approximately 85% of
cases arise de novo (with no family history); in the
remainder, the condition is inherited from an
affected parent. It is common for the diagnosis
in a parent to be recognised for the first time
following the birth of an affected child. This may
be due in part to the very variable expressivity
seen in 22q11DS and also to the greater
awareness of the condition  amongst
paediatricians than amongst adult specialists.

22q11DS is a highly variable disorder. At
present, there is little understanding of the factors
that contribute to this variability. Speculatively,
this may be related to structural and sequence
variation ~ elsewhere in the genome and
environmental factors that interact in some way
with dosage sensitive genes in the 22q11DS. Due
to the many different body systems which can be
affected, the disorder may present to a fetal
medicine specialist, neonatologist, paediatrician,
cardiologist/ cardio-thoracic surgeon,
immunologist, cleft surgeon, speech and
language therapist, endocrinologist, clinical
geneticist or general practitioner. Diagnosis is
often delayed by months or years.

Optimal care of an individual with 22q11DS
requires a multidisciplinary team approach. This
consensus document seeks to outline best
practice for the diagnosis and management of
individuals with 22q11DS.

Helen Firth

associated with chromosome 22 deletions encompassing
the DiGeorge locus. Lancet 1992; 339: 1138-9.

5. Kobrynski LJ,.Sullivan KE. Velocardiofacial syndrome,
DiGeorge syndrome: the chromosome 22q11.2 deletion
syndromes. Lancet 2007; 370: 1443-52.

6. McDonald-McGinn, D. M., Emanuel, B. S., and Zackai,
E. H. 22q11.2 Deletion Syndrome. World Wide Web
2005.  http://www.ncbi.nlm.nih.gov/books/NBK 1523

7. Botto LD, May K, Fernhoff PM, Correa A, Coleman K,
Rasmussen SA ¢ al. A population-based study of the
22q11.2 deletion: phenotype, incidence, and contribution
to major birth defects in the population. Pediatrics 2003;
112: 101-7.
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2. Methods

MaxAppeal assembled a steering committee
of UK medical experts to develop a consensus
document summarising standards of care for the
diagnosis and holistic management of individuals
with 22q11DS. This guideline is based on
evidence as well as on expert opinion and is for
use by both clinicians and those caring for
patients with 22q11DS. The recommendations
are evidence graded. During the development of
this consensus document a variety of
stakeholders were consulted with responses
received from the following:

e American Cleft Palate-Craniofacial Association

e British Cardiovascular Society

e British Congenital Cardiac Association

e British Society for Immunology (Clinical
Immunology and Allergy Section)

e Clinical Genetics Society 2.1

e Department of Health (Genetics and National
Specialised Commissioning Teams and the
Human Genomics Strategy Group)

o Addenbrooke’s Hospital, Birmingham
Children’s Hospital and Great Ormond Street
Hospital specialist teams

e NHS Scotland (specialty advisers)

e Parent/Carer representative

e Royal College of Paediatrics and Child Health
(with input from the British Paediatric Allergy,
Immunology and Infection Group, British
Paediatric Mental Health Group, British
Academy of Childhood Disability, British
Society for Paediatric and Adolescent
Rheumatology, British Society for Paediatric
Endocrinology and Diabetes)

e Royal College of Pathologists

e Royal College of Psychiatrists (Faculty of Child
and Adolescent Psychiatry)

e Royal College of Physicians (London)

e United Kingdom Primary Immunodeficiency
Network

e Unique (Rare Chromosome Disorder Support
Group).

Their comments and suggestions were
considered by the steering committee. Where
evidence is lacking, consensus was reached by the
committee and experts co-opted by the
committee.

Evidence for the recommendations was
obtained by employing electronic literature
searches using the primary key words:

e Velocardiofacial syndrome
¢ DiGeorge syndrome
¢ the chromosome 22q11DSs.

Because of the confusing nomenclature of
the syndrome, the terms 22q11DS (for the
syndrome), 22q11.2del (for the micro-deletion)
and 22q11.2 (for the chromosomal location) are
used consistently throughout this document.

Each article was reviewed for suitability for
inclusion in the guideline.  The recomm-
endations were evidence graded at the time of
preparation of these guidelines. The grades of
recommendation and the levels of evidence are
based on the Scottish Intercollegiate Guidelines
Network scheme!. Categories of recommend-
ations are labelled A, B, C, and D (see below)2

21 Key to evidence statements and

grades of recommendations

Levels of evidence

1+ High quality meta-analyses, systematic
reviews of RCTs, or RCTs with a very low
risk of bias

1t Well-conducted meta-analyses, systematic
reviews, or RCTs with a low risk of bias

1~ Meta-analyses, systematic reviews, or RCT's
with a high risk of bias

2+t High quality systematic reviews of case
control or cohort studies, high quality case
control or cohort studies with a very low risk
of confounding or bias and a high probability
that the relationship is causal

2% Well-conducted case control or cohort
studies with a low risk of confounding or bias
and a moderate probability that the
relationship is causal

2~ Case control or cohort studies with a high
risk of confounding or bias and a significant
risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports, case
series

4 Expert opinion

2.2 Grades of recommendations

A Atleast one meta-analysis, systematic review,
or RCT rated as 1+, and directly applicable
to the target population; or

A body of evidence consisting principally of
studies rated as 1*, directly applicable to the
target population, and demonstrating overall
consistency of results

B Abody of evidence including studies rated as
2++  directly applicable to the target

Max Appeal! 22q11DS Consensus Document June 2017 1 1



population, and demonstrating overall
consistency of results; or

Extrapolated evidence from studies rated as
1+ or 1+

C A body of evidence including studies rated as
2+, directly applicable to the target
population and demonstrating overall
consistency of results; or
Extrapolated evidence from studies rated as
2++

D Evidence level 3 or 4; or
Extrapolated evidence from studies rated as
AR

References

12

1. Scottish Intercollegiate Guidelines Network. World Wide
Web 2011.

2. Harbour R., Miller J. A new system for grading
recommendations in evidence based guidelines. Br Med ]
2001; 323: 334

The references were downloaded from
PubMed to a dedicated file within NCBI on the
PubMed website. Details of how to access this
file can be obtained from the editor.

Dinakantha Kumararatne
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3. Genetics

The deletion on chromosome 22ql11.2 is
below the threshold of light microscopy and so
requires molecular cytogenetic techniques such as

Genomic Array, Fluorescence In Situ Hybrid-3.1

isation (FISH) or Multiplex Ligand dependent
Probe Amplification (MLPA) studies for
laboratory confirmation of diagnosis! [B].

Flanking the deleted region on chromosome
22q11.2 are two genomic regions with high
sequence homology termed LCR22s2. There are
a number of such regions along the length of
chromosome 22. The mechanism underlying the
deletion is known as Non-Allelic Homologous
Recombination (NAHR). When chromosomes
pair up at meiosis, the chromosomes align
strongly at regions of high sequence identity —
like buttons and buttonholes on a shirt. In
NAHR a mismatch occurs rather akin to missing
out one of the buttons when buttoning up a shirt
front and the intervening section of DNA is not
copied into the chromosome 22 in the egg or
sperm. When the egg is fertilised, the fertilised
egg will have one normal chromosome 22 and
one deleted chromosome 22. The particular
genomic architecture of chromosome 22 means
that 22q11.2 is one of the regions of the genome
most prone to this mismatching process.

When an individual is diagnosed with
22q11DS, analysis for the microdeletion (e.g. by
genomic array, FISH or MLPA) should be
offered to both parents [B].

3.1 Unaffected parents of a child with a
de novo deletion

The chance of recurrence in a future
pregnancy, or in existing siblings, is very low. It
is likely to be of the order of <1%. The risk is
higher than in the general population because of
the possibility of germline mosaicism (where the
22q11.2del affected not a single egg or sperm, but
a cluster of germ cells) in one of the parents.
Sibling recurrence has been reported, but is rare3

[C].

3.2 Affected parent

An individual with 22q11DS has a 50/50
chance of transmitting the condition to their
offspring in any pregnancy. The high
intrafamilial variability of 22q11DS, from mild
cognitive impairment to severe life-threatening
congenital anomalies, should be emphasised* [B].
In view of the high risk of transmission,
discussion may include the possibility of prenatal

diagnosis® and preimplantation genetic diagnosis
(PGD) where available.

3.3 Prenatal diagnosis

Prenatal diagnosis of 22q11DS requires
invasive testing by chorionic villus sampling
(CVS) at 10-12 weeks gestation with a miscarriage
risk of ~1%, or by amniocentesis at 15-16 weeks
gestation with a miscarriage risk of 0.5-1%. This
will determine whether or not the fetus has
22q11.2del, but will not give an indication of how
mildly or how severely the child might be
affected, or about what body systems will be
involved. Detailed ultrasound scanning of the
fetal heart (fetal echo-cardiography) at ~16 and
20 weeks gestation may be very helpful in
determining whether a significant congenital
heart defect is present [D]. However, ultrasound
scanning cannot identify cognitive, behavioural,
endocrinological or immunological problems. It
is also not possible to identify velopharyngeal
insufficiency, and cleft palate is extremely
difficult to identify by ultrasound scan even by
the most experienced fetal medicine specialists.

34 Pregnancy

3.4.1 22q11DS identified during

pregnancy

The couple should be offered [D]:

e Fetal echocardiography

e Genetic counselling (including testing parents
for 22q11.2del)

e Expert review of the newborn infant by a
senior  paediatrician  to include cardiac
assessment and assessment of calcium and
immune function.

3.4.2 Management of pregnancy in a

woman with 22q11DS [D]

This requires careful communication and
coordination between the patient, her general
practitioner, her obstetrician and clinical
geneticist. Priorities include:

e Assessment of the cardiac status of the mother
if she is known to have congenital heart disease
or if she is not known for certain to have a
structurally normal heart

e Assessment of the endocrine status of the
mother especially for hypoparathyroidism or
hypothyroidism

¢ Genetic counselling to discuss the 50/50 risk to
the pregnancy and to offer prenatal diagnosis
and/or fetal echocardiography
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e Arranging for expert review of the newborn
infant by a senior paediatrician to include
cardiac assessment and assessment of calcium
and immune function — unless prenatal
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4. Cardiac Abnormalities

41 Introduction

The incidence of congenital heart disease is
less than 1% in the general population, with
conotruncal cardiac malformations accounting
for approximately 50% of congenital heart
defects in newborn infants. Conotruncal
abnormalities affect the outflow portion of the
heart (e.g. truncus arteriosus, tetralogy of Fallot,
interrupted aortic arch) and are particularly
common in 22q11DS.

Chromosome  22q11.2  deletions  and,
recently, hemizygosity for several genes on
chromosome 22q11.2 have been reported to be
present in the majority of patients with
DiGeorge, velo-cardiofacial and conotruncal
anomaly face syndromes and the Cayler cardio-
facial syndrome!* suggesting that these
syndromes represent a spectrum of phenotypic
expression of the deletion [B]. These disorders
most frequently occur de novo and are relatively
common (>1 in 6,000 live births)>. Mutation of
the TBX7 gene has recently been suggested as a
major determinant of the syndrome®, causing
impaired development of the cardiac outflow
tract and resulting in conotruncal mal-
formations’. As has beenshown by Kirby and Le
Douarin et al., depleting the heart of cells derived
from occipital neural crest may result in aorto-
pulmonary septal defects®”. Although the exact
role of the neural crest cells that migrate into the
tunica media of the visceral arch arteries during
conotruncal formation remains obscures, it
appears that there is an important gene connected
with the development of the arterial trunk and
pulmonary arteries in the 22q11.2 region.

The cardiac defects commonly seen in these
disorders therefore derive either from the
conotruncus, the embryonic aortic arches or the
ventricular septum and consist of abnormal
aortic arch laterality and branching such as right
aortic arch or type B Interrupted Aortic Arch
(IAA) (30-45%), Ventricular Septal Defect
(VSD), Tetralogy of Fallot (ToF) or Pulmonary
Atresia-Ventricular Septal Defect (PA-VSD)
(12.5%), and Truncus Arteriosus (TA) (14-
25%0)710 |B]. Some phenotypic differences have
been shown between patients with and without
the 22q11.2del'512,

4.2 Clinical manifestations and
presentation
Clinical manifestation of the cardiac
condition is dependent on the type of cardiac

anomaly and the timing of the diagnosis.
Recently McElhinney et al!® reported 125
patients who presented with conotruncal
malformations. They found that 10% of these
patients had 22ql11.2del. Anatomical features
which were associated significantly with the gene
deletion were abnormal aortic arch and
discontinuous pulmonary arteries (45%).

Many children with 22q11DS have cardiac
defects which cause cyanosis; the infants have
lowered oxygen saturations unresponsive to
oxygen therapy. The degree of desaturation is
dependent on the level and degree of mixing of
oxygenated and deoxygenated blood, relative
resistances between pulmonary and systemic
circulations, size and development of the
pulmonary arteries and the presence or absence
of major aorto-pulmonary  connections
(MAPCAS); the smaller the pulmonary arteries in
the absence of MAPCAs, the more cyanosed the
infant. Chessa et al.'* showed in their study that
the morphological features of ToF and PA-VSD
appear to be different in patients with and
without 22q11.2del. They were able to describe
a ‘specific’ phenotype of PA-VSD in 22q11DS
characterised by major aorto-pulmonary
connections with complex loop morphology
originating from the descending aorta. However,
they could not find an easy differentiating factor
if MAPCAs were absent, nor could they establish
a correlation between the 22q11.2del status of the
patient and the size of the pulmonary arteries.
Goldmuntz et al.’® reported that the frequency of
22q11DS was higher in patients with anomalies
of the pulmonary arteries but, again, the size of
the pulmonary arteries was not a distinguishing
factor.

These studies were all performed postnatally.
However, with increasing advances in fetal
cardiology it is now possible to detect the
majority of these heart defects by 18-20 weeks of
gestation, therefore allowing for appropriate
antenatal counselling and advice before the baby
is born!¢ [B]. Therefore it is now recommended
that high risk pregnancies are screened by
assessing the fetal heart in more detail [D]. This
would involve referral to a fetal cardiologist for
detailed assessment of the cardiac anatomy.
Positive family history in a first degree relative of
congenital  heart  disease = and  known
chromosomal deletions or abnormalities are
considered to fall into the ‘high risk pregnancy’
category!’.
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4.3 Ventricular Septal Defect (VSD)
4.3.1 Background

VSD is the commonest congenital heart
defect. It occursin 1.5 to 3.5 per 1,000 live births.
They occur in any portion of the inter-ventricular
septum and may on occasion be multiple.
4.3.2 Presentation

Infants usually present early in life with a
murmur or failure to thrive. The severity of
symptoms depends on the functional size of the
defect.
4.3.3 Investigation

The diagnosis is made by echocardiography.
Chest X-ray and ECG help guide the need for
and timing of intervention.
4.3.4 Management

If the defect is large and associated with
significant shunting across the interventricular
septum, surgical closure should be performed
when medical therapy alone is inadequate for
appropriate growth and development of the
child. Symptoms may be controlled by diuretics
+/- ACE inhibitor. Most defects are small and
may not need medication. With time, many
smaller defects close spontaneously, while other
small defects may be haemodynamically
insignificant and not warrant intervention. Some
defects may be suitable for transcather approach
once the child is of adequate size. Defects which
are located in the subaortic area may cause
deformity of the aortic valve and patients may
therefore present with, or develop, aortic
incompetence. Such defects should be closed,
even if functionally small, to prevent secondary
damage to the aortic valve.

4.4 Tetralogy of Fallot (ToF)
4.4.1 Background

ToF is the commonest cyanotic heart defect.
It occurs in 3 to 6 per 10,000 births and
represents 5-7% of congenital heart defects. It
consists of four elements; VSD, overriding aorta,
(sub) pulmonary stenosis and right ventricular
hypertrophy. Historically a variation on this
morphology has been described called Tetralogy
of Fallot with absent pulmonary valve. This is
now termed absent pulmonary valve syndrome
as, instead of the infundibular stenosis found in
Tetralogy of Fallot, the pulmonary valve annulus
is small with no effective valve thereby allowing
significant pulmonary regurgitation. This causes
dramatic pulmonary artery dilatation during fetal
life with the result that the child’s major problem
is airway compression and tracheobroncho-
malacia.

4.4.2 Presentation

The defect may be detected antenatally or
may present at birth or during infancy with a
murmur or significant cyanosis. The degree of
cyanosis is dependent on the size of the right
ventricular  outflow tract (including the
pulmonary arteries) and this determines the
timing of presentation. Cyanotic spells (episodic,
dramatic exacerbation of the degree of
desaturation) are common in this condition and
may be the feature of initial presentation.
4.4.3 Investigation

The  definitive  diagnostic ~ tool  is
echocardiography which allows delineation of the
anatomy in great detail. Chest X-ray and ECG
are useful adjuncts but neither is diagnostic.
4.4.4 Management

Depending on the degree of right ventricular
outflow obstruction the infant will either require
surgery very early in life in order to provide
adequate blood flow to the pulmonary arteries or,
definitive surgery in later infancy. The precise
timing of definitive surgery varies between
patients and also between centres but is usually
carried out at around 6-8 months. Securing
adequate pulmonary blood flow early in life has
traditionally been achieved by performing a
Blalock-Taussig (B-T) shunt but nowadays early
definitive repair even in the newborn period is
routinely undertaken.  However, many will
require further surgery later in life as, with time,
pulmonary valvar regurgitation can lead to right
ventricular volume overload.

4.5 Pulmonary Atresia-Ventricular
Septal Defect (PA-VSD)

4.51 Background

Pulmonary atresia/VSD is rare. In this
abnormality there is no right ventricular outflow
and the main pulmonary artery may be
completely unformed. A VSD is present and the
right ventricle is usually of adequate size. There
are three main types based on the degree of
development and arborisation of the pulmonary
arteries. In most patients there are well formed
branch pulmonary arteries with a patent arterial
duct supplying them. In the other group there
are small but well formed branch pulmonary
arteries connected to MAPCAs. In extremely
rare cases, there are no central pulmonary arteries
and different segments of pulmonary arteries are
supplied only by the MAPCAs.
4.5.2 Presentation

If not detected antenatally, babies usually
present very early in life with worsening cyanosis
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and difficulty feeding as pulmonary blood flow is
dependent on patency of the ductus arteriosus
and this vessel gradually closes naturally over the
tirst few days of life. However, if associated with
MAPCAs, the infant may not present until later
in life as pulmonary perfusion is not dependent
on ductal patency. Indeed, some babies have
such profuse pulmonary blood flow from the
MAPCAs that they present early in heart failure.
4.5.3 Investigation

Echocardiography is used for diagnosis. The
intracardiac morphology is delineated, as is the
anatomy of the branch pulmonary arteries if
these are confluent. MAPCAs are more difficult
to delineate with echocardiography alone, and in
this circumstance early cardiac catheterisation or
Magnetic Resonance Imaging (MRI) is required.
4.5.4 Management

Immediate treatment of the neonate to
secure pulmonary blood flow in the face of a
closing duct is prostaglandin infusion followed by
surgery. This may be by means of a palliative
systemic-pulmonary artery shunt, but definitive
repait (VSD closure and insertion of a right
ventricle to pulmonary artery conduit) can also be
the initial surgical strategy depending on unit
philosophy. Definitive repair is usually
achievable, though this ultimately depends on the
size of the pulmonary arteries. Even following
definitive repair, patients will require multiple
operations for conduit changes. Even when
MAPCAs are present the objective of initial
surgery is to preserve and support the growth of
the native pulmonary artery. If this is not
possible MAPCAs may need anastomosing
together to create adequate pulmonary arteries (a
procedure known as unifocalisation). This may
be combined with either complete repair or a B-
T shunt followed by later completion depending
on the size and complexity of the MAPCAs.

4.6 Truncus Arteriosus (TA). Common
Arterial Trunk

4.6.1 Background

TA is a rare congenital heart disease where
the embryologic structure known as the truncus
arteriosus does not septate into pulmonary artery
and aorta. A single artery therefore arises from
the two ventricles which gives rise to both aorta
and pulmonary arteries; there is also a large VSD.
TA is often associated with an abnormal truncal
valve which can either be stenotic or regurgitant
and in about 30% of cases it is associated with a
right aortic arch. There are three types (I, 11, III)
of TA which are distinguished by the branching
pattern of the pulmonary arteries. Interruption

of the aortic arch may also be present with the
descending aorta supplied via an arterial duct.
Coronary abnormalities often coexist.
4.6.2 DPresentation

The baby generally presents with a murmur
and mild cyanosis at birth or with heart failure in
the first few months of life as pulmonary vascular
resistance falls.
4.6.3 Investigation

Echocardiography will define the cardiac
anatomy and is able to distinguish between the
three types with a reasonable amount of certainty.
Echocardiography will also be able to delineate
arch morphology.
4.6.4 Management

Cardiac surgery is required soon after birth to
prevent pulmonary vascular damage. The defect
is repaired by separating the pulmonary arteries
from the arterial trunk and closing the VSD,
which commits the truncus to the left ventricle.
A conduit is placed between the pulmonary
arteries and the right ventricle.

4.7 Interrupted Aortic Arch (IAA)
4.71  Background

In TIAA the aortic arch is discontinuous,
usually with a physical gap but occasionally with
fibrous continuity but no lumen present between
the two segments. There are three types
depending on where the arch is interrupted:
e type A distal to the left subclavian artery

e type B between the left common carotid and
subclavian arteries

e type C between the innominate and left carotid
arteries.

e Anomalous origin of the right subclavian artery
is also common with this abnormality. It is
usually  associated with other cardiac
abnormalities, most frequently a VSD but
occasionally TA or aortopulmonary window.

4.7.2 Presentation

If not diagnosed prenatally patients often
present collapsed 7z extremis following a fall in
pulmonary arterial resistance or after closure of
the ductus arteriosus.  Occasionally, infants
present with a murmur or signs consistent with
aortic coarctation if ductal patency persists to
some extent.

4.7.3 Investigation

The definitive diagnosis can usually be made
by echocardiography though occasionally MRI
scanning is also helpful. With these modalities
the anatomy can be delineated in great detail. It
is imperative to examine the subaortic area

Max Appeal! 22q11DS Consensus Document June 2017 17



carefully as it can be critically small with this
morphology.
4.7.4 Management

As children are often brought into hospital in
a state of collapse, initial management is by basic
resuscitation and starting an infusion of prostin.
Following this, definitive treatment is by surgery
and this should be performed as soon as the child
is stabilized with appropriate intensive care
support and when multi organ dysfunction and
metabolic derangement is corrected.. Usually the
aortic arch can be reconstructed with an end-to-
end anastomosis though, on  occasion
(particularly if associated with other cardiac
abnormalities), an arch repair comprising
subclavian artery turn-down with prosthetic
patch enlargement (Blalock-Park operation) may
be helpful to avoid compression of other
structures lying underneath the aortic arch.
Nowadays other cardiac abnormalities are usually
corrected at the first operation. Late stenosis of
the anastomosis is not uncommon but can
usually be treated using transvascular techniques.

4.8 Recommendations
4.8.1 Antenatal

e Fetal echocardiogram by a fetal cardiologist in
any fetus where there is a family history of
congenital heart disease in a first degree relative
(i.e. mother, father, sibling)!” [D]

e Fetal echocardiogram by a fetal cardiologist if
there is evidence of familial 22q11DS (there is
a 50% chance of passing on this deletion)'? [B]

e Testing for chromosome 22q11DS in a fetus
found to have a congenital heart defect
commonly associated with 22q11DS (cono-
truncal anomalies, posteriorly malaligned VSD
or cono-septal VSD with abnormal vessel
anatomy, abnormal aortic arch laterality,
cervical arch and discontinuous pulmonary
arteries)!316 [B].

4.8.2 Postnatal

e Any infant/child with congenital heart

disease which falls into the category of a
cono-truncal malformation (e.g. ToF +/-
absent pulmonary valve, TA, PA-VSD, TIAA,
VSD with vessel anomalies) should undergo
chromosomal testing for 22q11.2del'3!> [B]

e Any infant or child with abnormal arch

laterality, cervical arch and/or discontinuous

pulmonary arteries should have genetic
testing! 315, 22q11DS is  particularly
associated with vascular anomalies such as
rightaortic arch, cervical aortic arch, aberrant
right or left subclavian artery, aorto-
pulmonary collaterals, and absent or
discontinuous branch pulmonary arteries
Any patient who presents with ToF or PA-
VSD with or without MAPCAs should have
chromosomal testing for 22q11.2del [B]
Individuals with a  cono-ventricular,
posteriorly mal-aligned, or cono-septal VSD
and anomalies of the aortic arch or branch
pulmonary  arteries ~ commonly  have
22q11.2del and genetic assessment of these
patients should therefore be performed'3!>
[B]. However, genetic testing of patients
with these types of VSD but a normal aortic
arch and pulmonary arteries may be
performed routinely or guided by the
presence of associated non-cardiovascular
features of chromosome 22q11DS [D]

Any adult with high-risk cardiac lesions, or
typical associated cardiac and extracardiac
anomalies, should be offered screening after
appropriate personal and genetic counselling
at which the patient should be presented with
the pros (screening for extracardiac
manifestations, knowledge as to the potential
for transmission to offspring) and cons
(insurance implications) of screening'® [B]
Any patient who has non-cardiac
manifestations of 22q11DS in addition to a
cardiac defect which is not commonly
associated with the syndrome, should have
genetic evaluation and molecular-cytogenetic
studies!s

Once the diagnosis is confirmed, a multi
disciplinary team approach is mandatory.
This should include endocrinologist, clinical
geneticist, immunologists, speech and
language therapist, general and community
paediatrician with provision for input from
clinical psychologist during the child’s
development.

Andrew Parry
Frances Bu’Lock
Beverly Tsai-Goodman
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5. Endocrinology

5.1 Introduction
Three  principal  problems  related  to
endocrinology are seen in the 22q11DS:

e hypoparathyroidism  with ~ or  without
symptomatic hypocalcaemia

e thyroid disease, both underactive and
overactive

e short stature

Other endocrine abnormalities such as
diabetes  mellitus, obesity and pituitary
gonadotrophin deficiency have also occasionally
been described.

5.2 Hypoparathyroidism and
hypocalcaemia
5.2.1 Aetiology and Epidemiology

This results from failure of normal
development of the parathyroid glands. These
are derived from the IIlrd and IVth pharyngeal
arches, from which the other structures whose
abnormalities are seen in 22q11DS are also
derived.

The prevalence of hypoparathyroidism is a
little difficult to determine and increases with age.
This is partly because those individuals with
severe cardiac anomalies may not survive and
hypocalcaemia may not be identified in these
subjects whilst the cardiac problems are being
dealt with. In addition, the hypocalcaemia may
develop with time and is more likely to become
apparent during infancy and adolescence when
growth rates are more rapid and the demand for
calcium increases.  Various estimates of the
prevalence of hypocalcaemia have been made
and it may be as high as sixty percent' [B]
although most authors give a prevalence of
nearer thirty percent>* [B].

5.2.2  Clinical features

If severe hypocalcaemia is present,
hypoparathyroidism presents with symptoms
related to this. These include convulsions,
irritability and muscle pains. Voice changes
related to spasm of the vocal cords may be
present in  young children. However,
hypocalcaemia is not always severe enough to
cause such obvious symptoms although it may be
present for several years before being diagnosed
and, in retrospect, it may be suspected that this
has been the case. If 22q11DS is known to be
present, screening for hypoparathyroidism
should be undertaken regularly (at least annually)®
[C]. Conversely, any child who presents with

unexplained hypopatathyroidism should be
screened for 22ql11DS since this is the
commonest cause of isolated hypopara-
thyroidism in childhood.

A diagnosis of hypoparathyroidism may be
missed in infancy, particularly if other problems
such as cardiac abnormalities and immune
deficiency are also present. If hypocalcaemia is
not detected in the early months, it may become
less troublesome as the child’s growth rate slows
and demand for calcium diminishes. If this
happens, the hypoparathyroidism may not
become apparent until puberty when growth rate
increases again and demand for calcium rises. It
may also be that the severity of the
hypoparathyroidism increases with age as the
capacity of the glands to secrete the hormone
diminishes® [C].. At this stage CT scan of the
brain may show the presence of calcification in
the basal ganglia which indicates that
hypocalcaemia has been long standing. Because
PTH has a positive effect on bone formation,
bone density may be reduced rendering the child
more susceptible to fractures.

5.2.3 Diagnosis

A diagnosis of hypoparathyroidism is made
by demonstrating low calcium and raised
phosphate  in  plasma, together  with
inappropriately low parathyroid hormone (PTH)
and normal vitamin D levels.

5.2.4 Treatment

Treatment usually consists of a combination
of oral calcium supplements and the active
vitamin D metabolite, 1a-hydroxy-colecalciferol
(alfacalcidol), the aim being to maintain the
plasma calcium at the lower end of the normal
range in order to prevent adverse effects on the
kidney which may occur if urinary calcium levels
rise unduly. Although theoretically PTH would
be a more logical treatment, this has only recently
become available and it has to be given by
injection at least twice daily and there is no
current experience of its use in children in this
condition. A trial of intact PTH (1-84) is
currently being undertaken in adults with
hypoparathyroidism.

5.3 Growth

Short stature is present in between one third
and two thirds of patients with 22q11DS7 [B].
The cause of this short stature is most likely to be
a combination of constitutional delay of growth
and a non-specific feature of the condition. Only
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about ten percent of adults with 22q11DS
syndrome have short stature® [B].

However, a small proportion of patients have
documented growth hormone deficiency’ [C] and
it has been suggested that patients with 22q11DS
are at an increased risk of pituitary deficiencies,
particularly if abnormalities of the palate are
present. Occasionally, other pituitary hormone
abnormalities have also been described.

Weight is sometimes reduced in the eatly
years, particularly if feeding problems are present,
but corrects with age and, indeed, some degree of
obesity may then supervene® [B]. Growth and
development should always be monitored in
children with 22q11DS and, if growth rates are
slower than normal (as opposed to the child
having short stature but growing at a normal
rate), screening for growth hormone deficiency is
justified [D]. This can initially be undertaken by
measurement of IGF-1 but, if there is any doubt,
growth hormone dynamic testing should be
undertaken since treatment with growth
hormone can then be instituted.

5.4 Thyroid Disease
Both hypo- and hyperthyroidism can occur in
22q11DS111 [C]. Thyroid gland development is
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6. Immunology

6.1 Clinical manifestations and
presentation

Disorders of immunity are widely
acknowledged in patients with 22q11DS, but
frequently misunderstood.  Thymic develop-
ment may be affected, and hence T cell
development impaired.  The overwhelming
majority of patients have normal T cell function
and do not suffer from clinical consequences of
T cell immunodeficiency. However, the most
serious presentation is during early infancy, with
a complete absence of the immune system, which
very rapidly leads to severe, recurrent or
persistent viral respiratory or gastrointestinal
infections, which are the hallmarks of this
presentation, and infants may die within the first
year of life unless treated!. Fortunately this is a
very rare presentation and fewer than 1% of
patients with 22q11DS present with this? [C].
Opportunistic infection with organisms such as
Pneumocystis jiroveci, and fungal infections are also
recognised. Less immediately serious, but more
common (affecting up to 40% of patients), are
mild to moderate reduction in T lymphocyte
numbers and/or specific antibody deficiency?
[D], the latter particularly to encapsulated
bacteria like pmeumococcust  [C], which cause
recurrent upper and, more rarely, lower
respiratory tract infection. This commonly
manifests in later infancy, after the first six
months of life. Affected patients suffer frequent
coughs, colds, ear and throat infections.
Concomitant velo-pharyngeal dysfunction with
poor muscular co-ordination contributes to the
increased frequency of upper respiratory tract
infections, and these are common in this group
of patients even in the absence of immunological
abnormalities. More serious, but less common,
manifestations include invasive infection such as
pneumonia affecting up to 10% of patients® or,
less commonly, meningitis. In many children
who have reduced T lymphocyte numbers, these
improve during the first few years of life, often
reaching normal levels.

A more recently recognised presentation of
disordered immunity in patients with 22q11DS is
an increased susceptibility to autoimmune
disease. It is unclear how common this
presentation is, and whether it is more common
in older patients, but it seems to occur at any age.
Further studies are required to assess how
common this complication is.
Presentationsinclude rheumatoid arthritis® [C],

autoimmune  thyroid  disease’ [C] and
cytopaenias® [C], but other autoimmune
manifestations have been described.

6.2 Investigation and diagnosis

1. Severe T lymphocyte immunodeficiency due
to thymic aplasia should be excluded in
patients presenting with classical features of
heart disease or hypocalcaemia in early
infancy. Thymic aplasia can also occur in
the absence of other classical features.
Lymphocyte phenotype analysis should be
performed urgently. Lymphocyte
proliferative responses should be measured
in those with <400 T cells/pL. If possible,
neonates and infants with suspected
22q11DS should undergo T lymphocyte
enumeration prior to cardiac surgery where
ever possible. If the T lymphocyte count is
>400 cells/microliter, of which > 30% are
naive T lymphocytes¥, there is no need to
irradiate red cells or platelets. If it is not
possible to undertake T lymphocyte
investigations prior to surgery, irradiated
components should be given until such time
as immunological investigations have been
undertaken.

In toddlers and pre-school children,
lymphocyte phenotype should be evaluated along
with  analysis  of  antibody  function.
Immunoglobulin levels should be measured, and
the IgG antibody response to vaccine antigens,
such as tetanus and haemophilus influenzae (Hib),
should be evaluated. Inadequate responses
should be repeated after further immunisation.
For those with recurrent or persistent lower
respiratory tract infection or clinical signs,
referral to a respiratory specialist should be made
for  consideration of high  resolution
computerised tomographic imaging of the chest
and an assessment of lung function.

Evidence for autoimmunity should be sought
in older children and adults who have suggestive
symptoms. An assessment of thyroid function,
as well as a full blood count should be routinely
performed.  Specific symptoms may guide
specific investigations including autoantibody
screening.

6.3 Management
Children with complete 22q11DS who have
very low or absent T lymphocytes should be
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referred urgently to a supra-regional immunology
centre for further evaluation and treatment which
may include haematopoietic stem cell or thymic
transplantation. Management of such infants
may depend on the extent of other congenital
abnormalities. If erythrocyte transfusions (for
cardiac surgery) are required before results are
available, they should be from cytomegalovirus
seronegative donors, and should be irradiated to
prevent potential transfusion-related graft versus
host disease. Prophylactic treatment with anti-
PCP, antiviral and anti-fungal agents, and
immuno-globulin replacement therapy should be
commenced?’.

Symptomatic partial 22q11DS patients with
milder T lymphocyte defects or impaired specific
antibody responses to tetanus and Hib should be
seen once or twice annually in the first few years
of life. Antibiotic prophylaxis may be required
over the winter months, and more rarely through
the summer months, for children with recurrent
respiratory infections. This can usually be
discontinued by the age of 5 or 6 years, if not
before. For patients with breakthrough
infections, or those with progressive lung disease
despite antibiotic therapy, immunoglobulin
replacement therapy may be considered. This
should be supervised by an immunologist.

It is good practice to review patients annually
thereafter for evidence of autoimmune disease.
History and examination should be directed
towards symptoms of  autoimmunity.
Investigations should be directed by the clinical
picture but should include appropriate auto-
antibodies thyroid function, a full blood count
and film and the direct antiglobulin test.

6.4 Immunisation

Primary immunisations should be given to all
patients without delay. For those rare patients
with severe T lymphocyte immuno-deficiency the
live rotavirus vaccine should be omitted — other
vaccines may give no benefit, but as they are
dead, they will do no harm. For the majority of
children who have a CD4 T lymphocyte count
above 400 cells/ulL of blood, immunisation with
the measles, mumps and rubella (MMR) vaccine
is safel? [D]. All children should teceive MMR.
Currently in the UK, varicella use is discretionary,
but is safe to give if the CD4 T lymphocyte count
is above 400 cells/ul. of blood. BCG
immunisation is no longer routinely included in
the UK schedule for teenagers, so for most
patients will not raise a question. BCG should
not be given to any infants with significant T

lymphocyte abnormalities. For individual cases
where BCG is being considered, advice should be
sought from an immunologist.

6.5 Minimum initial immunological

investigations:

e Full Blood count and differential white cell
count

e Immunoglobulins (IgM, IgA, IgG,)

e Lymphocyte phenotyping (CD3, CD4, CDS,
CD19 or CD20, CD16/CD56)

e Lymphocyte  proliferations  to  phyto-
haemagglutinin, if easily available and T cell
counts low

e Post immunisation antibody responses to
tetanus and Hib antigens.

6.6 Minimum follow-up immunological
investigations:

e Assessment of specific antibody response to
tetanus and Hib

e Full Blood count and film

e Assessment of autoantibodies, if clinically
indicated, including direct antiglobulin test and
thyroid antibodies

e Thyroid function tests.

6.7 Key immunological management

decisions

e Irradiated, CMV negative blood products if
immune status severely affected or unknown

e Urgent referral to specialist centre for further
treatment if absent or very low T lymphocytes

e Assess immunisation status — live viral vaccines
not contra-indicated unless severe
immunocompromise present. (If tetanus and
Hib responses are normal and CD4>400/uL,
MMR should be given)

e If recurrent respiratory infection — refer to an
immunologist  to  exclude  undertlying
immunodeficiency

e Consider antibiotic prophylaxis if recurrent
respiratory infection or evidence of poor
specific antibody response to vaccine antigens

e Patients with recurrent or severe respiratory
symptoms should be assessed by a respiratory
paediatrician or physician.

e Regular monitoring  for  autoimmunity,
particularly autoimmune cytopaenias and
thyroid disease.

Andy Gennery
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Table 6.1 Characteristics of immunodeficiency

Severe T cell immunodeficiency (complete 22q11DS)

very low or absent T cells (below the 5th percentile for age), with variable

immunoglobulin production (rare, <1% of all cases).

Mild or minimal T cell abnormalities (partial 22q11DS)
low or normal T cell numbers, usually normal T cell proliferative responses, with
variable minor immunoglobulin abnormalities, particularly low IgM levels in older children.
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7. Craniofacial Manifestations

Including the management of Communication Disorders, Cleft Palate, Velopharyngeal

Incompetence (VPI) and Hearing Disorders

71 Facial dysmorphism
The characteristic  facial features of

Velocardiofacial Syndrome (VCES) are usually

not evident at birth but develop in eatly

childhood®? [C]. They are pathognomonic but

not diagnostic3 [D].

The features are:

e Narrow palpebral apertures (the distance
between upper and lower lid margins)

e Telecanthus (increased distance between the
inner corner of the eyes)

e Wide/prominent nasal bridge and root

e Small mouth

¢ Round ears with deficient upper pole helix (rim
of the ear)

e Prominent ears

e Long lower and mid face (‘adenoidal’ face)

e Hypodynamic facial features (impassive face)
due to VII nerve weakness and/or
hypocalcaemia

® 1% have craniosynostosis (premature fusion of
the skull growth centres causing skull
asymmetty).

Treatment is rarely indicated except for
prominent ear correction if the child is concerned
about them (and the surgery is funded by the local
commissioners in England).

7.2 Cleft palate
7.21  Overview

Nine percent of patients with 22q11DS have
an overt cleft palate and 5% will have a
submucous cleft palate (SMCP) (i.e. 14% overall).
A small number will also have a cleft lip and
palate*¢ [B]%7 [C].

Perinatal presentation is common!? [C] with
the baby having problems with breast and/or
bottle feeding. Nasal regurgitation of milk during
feeding is the principal presentation, together
with poor weight gain. If these symptoms are
present, the perinatal examination of the palate
must be petformed by a senior paediatrician/
neonatologist who must look for, visualise with a
torch and tongue depressor and record if there is:

e an overt cleft of the palate
e a bifid uvula

e alucent zone in the midline of the palate (a grey
line instead of the usual white midline). This is
caused by the absence of the lvator veli palatini
in the midline so the shadow of the nasal cavity
shows through the two layers of mucosa.

The examiner must feel, using a gloved little
finger slid along the midline of the palate, for a
notch in the posterior hard palate (instead of the
usual bump of the posterior nasal spine). A
common error is for the examiner to feel just
behind the teeth and alveolus and not back to the
hatd palate/soft palate junction because this will
miss all soft palate and submucous clefts.

Children with VCFS may have a weak gag
reflex in addition and this should be noted. It
may be a sign of possible poor velopharyngeal
coordination.

If an overt cleft or an SMCP is detected the
Regional Cleft Team must be called immediately.
Cleft Specialist Nurses will provide assessment,
feeding advice and equipment such as feeding
bottles and breast pumps. Please do not try
instituting a feeding regimen that is not
recommended by the cleft team, and nasogastric
(NG) feeding should be avoided if at all possible.
7.2.2  Cleft palate management

If a child with 22q11DS has an overt cleft
palate they should have it repaired, and repair of
a SMCP should be considered, particularly if the
baby has a history of feeding problems. The
technique and timing will be advised by the local
cleft team, but should be completed by a year of
age if at all possible to maximise speech
outcomes. Cardiac and paediatric issues must
take precedence, so surgery is only undertaken
after the child is declared fit by the appropriate
specialists. ~ The paediatric anaesthetist will
require a pre-operative echo and ECG. The
child’s calcium levels should be checked pre-
operatively. Antibiotics should be given peri-
operatively according to local cleft and cardiac
guidelines, as necessary. Post-operative feeding
is often slower to return to normal in a child with
22q11DS and they may well stay an extra day in
hospital as a result.

Follow up will be dictated by the regional
cleft team protocol, and there are agreed
standards set out by the Craniofacial Society of
Great Britain and Ireland for the follow up for all
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children with cleft palate. In addition, children
with 22q11DS should be seen for assessment in a
specialist 22q11DS  clinic, where available,
because these children may require a different
skill mix.

7.2.3 Feeding

Few babies with an overt cleft will be able to
breast feed because the cleft makes the nose and
mouth into one cavity. The consequence of this
is that the baby is unable to co-ordinate sucking,
swallowing and breathing. In addition, the
hypodynamic pharynx and other medical
problems may make feeding problematic for
children with 22q11DS. In the absence of an
obvious cleft, referral to a Speech and Language
Therapist with special expertise in paediatric
swallowing problems may be required urgently to
ensure that the child is safe to feed orally. 1f there
is any doubt, a period of NG tube feeding may be
required until the situation can be evaluated. It
must be remembered that a child with 22q11DS
and an obvious cleft (or SMCP) may ALSO have
other problem with feeding and also need the
help outlined above.

Notwithstanding, breastfeeding is important
and many mothers will want to try. Mothers are
to be encouraged to put the baby to the breast,
but it should be explained that she should not
necessarily expect nutritive feeding to be
achieved in most instances. Any baby with
22q11DS who is establishing breastfeeding must
be weighed regularly, according to local
protocols, because there is no other way of
monitoring how well the baby is feeding. If the
baby can be heard feeding it suggests that air is
being entrained together with milk. In this
situation the baby will have a mixture of air and
milk in the stomach, which makes them windier,
and also gives the baby the sensation of having a
full stomach. Feeding is often very slow because
it is so inefficient and the baby becomes
exhausted. The small volume of milk taken in
means that, in a short time, the baby becomes
hungty again and wakes. Rapidly the baby and
the carers become exhausted.

When a midwife checks the feeding post-
natally, often the baby will latch on and suck well
but the whole feed must be watched, not just the
first few minutes. The first few minutes of a feed
do not make a meal!

Alternative feeding is often required and a
soft bottle and an appropriate teat is best (UK
National Standards — Craniofacial Society of
Great Britain and Ireland). The regional cleft unit
will advise the exact type of equipment

appropriate for the baby and training will be
given by specialist cleft nurses. All mothers
should be encouraged to express and monitor the
baby’s weight carefully. Advice is available from
all UK cleft teams. The Red Book is an invaluable
communication aid for professionals, so the
family must bring it to all appointments.

7.3 Hearing
7.3.1  Overview

Hearing loss can occur in 44-60% of
children with 22q11DS!3; this can be either a
sensorineural or a conductive heating loss or
both. The incidence of sensorineural hearing loss
is 4-15%"13. This is a permanent hearing loss
which would usually be identified at birth with
the newborn hearing screen which is now
available throughout the UK. The more common
hearing problem is conductive hearing loss due to
middle ear effusions (secretory otitis media,
SOM) and can occur in 44-53% of children with
22q11DSH-13,

A child with a cleft palate is at much
higher risk of developing middle ear effusions
because the abnormal insertion of the /fevator veli
palatini muscle on each side can lead to failure of
the eustachian tube to open during yawning,
crying and swallowing. This means that the air in
the middle ear is absorbed resulting in reduced
middle ear pressure which in turn causes fluid to
be secreted into the middle ear space.

Because children with 22q11DS are
more likely to have mild to moderate reduction in
T lymphocyte numbers, they are prone to
frequent upper respiratory infections with
coughs, colds, ear and throat infections.
Recurrent ear infections can result in secretory
otitis media!”.

7.3.2 Management of hearing problems

Any child with a sensorineural hearing
loss, usually identified soon after birth, will have
their hearing loss managed by their local
paediatric audiology service and, depending on
the degree of loss, hearing aids would usually be
fitted soon after confirmation of the hearing loss.
The hearing levels and hearing aid requirements
would be monitored at regular intervals
throughout childhood. The local sensory support
service will also be involved offering advice on
language and other aspects of the child’s
development.

If a cleft palate is identified, the child will
be referred to the regional cleft network and to
their local paediatric audiology service for regular
monitoring of the hearing. The child may have
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passed the newborn hearing screen but middle
ear effusions can develop during the first few
months of life or later in childhood.

The initial management of SOM is
“watchful waiting” because of the fluctuating
nature of this condition'4. After a period of about
3 months, if the fluid and hearing loss are still
present, other management options should be
considered’>. These include grommet insertion or
fitting of hearing aids!'®'. There is a high
possibility that the fluid will return if the child has
a cleft palate, so grommet insertion would only
be a temporary solution and the use of hearing
aids is becoming the treatment of choice.
Repeated  grommet  insertion is  not
recommended due to the possibility of
developing a perforation of the tympanic
membrane or tympanosclerosis.

In any child with a 22q11DS, especially
if they have an overt cleft palate or a submucous
cleft palate, the adenoids must not be removed
without prior speech assessment because the
child may be rendered hypernasal as a result of
the soft palate no longer being able to close to
where adenoidal pad used to be.

7.4 Surgical management of children
with cleft palate

7.4.1 Management of Overt Cleft Palate
(CP)

The Regional Cleft Unit will advise on cleft
related feeding issues, the type and timing, of
palate repair. In the United Kingdom, either a
Langenbeck or No Flap technique is used to
repair an overt CP in most Regional Cleft Units.
A form of Intra Velar Veloplasty IVVP) is
universally used.

7.4.2 Management of Primary Sub-
Mucous Cleft Palate (SMCP)

A primary submucous cleft palate SMCP
does not necessarily need repair and if an infant
has established breast-feeding it may be a good
indicator of future palate function and ‘watchful
walting’ may be appropriate. If there is a
significant history of feeding problems, a palate
repair is likely to be recommended. If so, a
primary Furlow or No Flap’ repair, with an
IVVP, is used for most SMCP repairs in the
United Kingdom in this situation.

7.5 Follow up of children with
cleft/non-cleft speech problems
Children with VPI of any cause should be
seen at 2, 3, 5, 10 and 15 years of age as a
minimum. The same applies to children with

22q11DS. A perceptual speech analysis and
hearing test should be performed on each
occasion and  video  fluoroscopy  and
nasendoscopy used when indicated to plan
treatment for VPI and to assess its outcome (UK
National Standards for Cleft Lip and Palate —
Craniofacial Society of Great Britain and Ireland).

7.6 Speech, language and

communication issues

7.6.1  General considerations

Difficulties ~ with  communication  ate
extremely common in 22q11DS (it has been
suggested to be as high as 90%) and every person
with this condition is at risk from birth through
to adulthood. The communication profile for
this condition is both varied and complex and, as
such, assessment and management must be
tailored to the individual. The profile may be
syndrome specific and it co-occurs with other
features such as learning difficulties, recurrent
otitis media and hearing loss, behavioural
difficulties including Autistic Spectrum Disorder

(ASD), Attention Deficit Hyperactivity Disorder

(ADHD) and palatal/velopharyngeal anomalies.

7.6.2 Language development

In an infant with 22q11DS both expressive
and receptive language may be slower to develop
than normal. Reported features include:

e Quiet Baby - delayed, limited or absent babble®
[B]

e Delayed vocabulary development? [C]

e Understanding of language shows a mild-
moderate delay with expressive language more
significantly affected?! [C]

e Language impaired beyond cognitive skillsé [C]

e Pre-school child shows particular deficits in
expressive language?'22 |C]

e Often a rapid increase in vocabulary and
expressive language between the ages of 3 and
4 years’ [B]

e Use of gesture may be a strength - in advance
of verbal expressive language* [C].

7.6.3 Language assessments for young

children:

Language assessment can be undertaken in this

age group using:

® Preschool Language Scale, Fourth Edition
(PLS-4UK)? which assesses young children’s
receptive and expressive language from birth to
6 years using UK norms

e Clinical Evaluation of Language Fundamentals
- Preschool 2 UK2* which measutres a broad
range of receptive and expressive language
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skills broken down into 7 norm-referenced
subtests. It is used for the diagnosis and
classification of language disorders in young
children. Age range 3-6 years.

7.6.4 Language assessment in school aged

children
In the school-aged child the language profile
changes and the gap between receptive and
expressive language is less marked?® [B]. Specific
language impairment has been found in up to

40% of school-aged children with 22q11DS%?

[B,C]. Specific areas of difficulty persist, most

notably:

e Working memory (verbal memory): difficulty
with dealing with more complex information
especially involving long sentences, sequences
of information, directions, stories etc.

e Reasoning/abstract thinking: difficulties in
putting information together to draw
conclusions/problem solve. Express-ions are
often understood literally e.g. ‘Pull your socks
up’. Subtle messages and implied meanings are
missed, as are the meaning of jokes, sarcasm
and irony

e Non-verbal understanding: difficulty in using
signals such as facial expression, tone of voice,
posture etc. to inform understanding which can
result in social communication difficulties

e Difficulty with wusing and understanding
concepts, vocabulary, syntax and with word
finding® [C]

e Language used tends to be terse and concrete?
[C] and lacking in grammatical complexity
although few actual grammatical errors may be
made?¢ [C].

There may be areas of strength, in particular:

e Verbal rote memory/rote learning

¢ Concrete thinking

¢ Decoding

¢ Reading. However, ability in reading may mask
reading comprehension issues. The child may
be better at ‘learning to read’ than ‘reading to
learn’.

Referral to speech and language therapy
services should be made early after diagnosis in
order that early intervention programmes can be
initiated?” [C]. However, ongoing monitoring of
language and communication skills is also
imperative. In the eatly years the child may seem
to cope with the relatively straight forward and
concrete linguistic demands of schooling but may
begin to fall behind their peers as these demands

become more complex, requiring reasoning and
abstraction skills which are beyond their
capabilities. Language deficits may become more
apparent during the middle school years as it at
this time that language is used for learning and
concepts are more abstract®* [D]. Language
deficits may become more apparent during these
later school years and these can persist into
adulthood. Highlighting specific difficulties and
incorporating them within the child’s Individual
Educational Programme (IEP) helps the school
staff to be aware of the child’s areas of difficulty.
7.6.5 Language assessments
e Clinical Evaluation of Language Fundamentals
Fourth Edition UK (CELF 4 UK)® gives a
Total language Score and Receptive and
Expressive Language Scores looking at
structure, content memory and working
memory. Age range 5 years — 16 years 11
months
e Action Picture Test — Revised Edition®
assesses levels of information content and
grammatical usage from short sentence answers
to specified questions. Age range 3-8 years
e The Bus story - A test of Narrative Speech
assesses age level of consecutive speech looking
at information content, grammatical usage and
sentence length whilst re-telling a story. Age
range 3-8 years.

Many other language assessments ate
available and would be appropriate for use with
this age group.

7.6.6  Social communication

Difficulties in the area of social comm-
unication are common and become more
apparent in the later school years and
adolescence. This may present as:

e difficulties in interpreting changes in tone,
meaning and facial expressions

e difficulties understanding jokes, irony and
sarcasm

e extremes In social interaction from over
shyness to over familiarity?! [C]

e reduced social initiation3! [C]

e peer relationship difficulties.

7.6.7 Speech

Significant speech problems are associated
with 22q11DS° [B]. In many cases these are
associated with palatal anomalies including overt
cleft palate, submucous cleft palate (classic or
occult) and velopharyngeal dysfunction (where
the soft palate is unable to make contact with the
posterior pharyngeal wall appropriately during
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speech, resulting in hypernasality and/or

increased nasal airflow). [See section on cleft

palate for more information).

Speech disorders associated with 22q11DS
have been shown to be more severe and more
complex in nature than those who have a similar
history of clefting and/or velophatryngeal
dysfunction (VPD) for speech without the
presence of 22q11DS§20:32 [B,C].

Dyspraxic features of speech are now more
widely reported?® [C] and can have a marked
impact on the development of sounds and there
may be a voice disorder due to VPI and/or vocal
cord dysfunction34% [D,C]. Although the speech
may be similar to those with non-syndromic cleft
palate or VPD, children with 22q11DS have been
shown to have more impaired articulation skills,
regardless of the presence of a cleft323637 [B,D,D].
There has, however, been limited research on
causal factors and factors which may contribute
to the increased severity of speech difficulty in
22q11 DS. Suggested causal factors include:

e hypodynamic velopharynx3238 [B,C]

e hypoplastic palatal muscle with unusual fatty
tissue®

e a developmental deformity of the occipital
bone and upper cervical spine (platybasia)
resulting in an increased basal angle of the skull
and an enlarged VP gap™ [B,B]

¢ adenoid hypoplasia! [C]

e increased prevalence of upper airway
asymmetry including asymmetrical palate
closure and abnormal vocal cord size/motion*?
€]

e neuroanatomical  anomalies*4 [D,B,C]
including laryngeal web

e necurological, including VIIth cranial nerve
weakness and poor oromotor coordination,
which can lead to drooling and problems eating
lumpy foods.

A longitudinal study? [C] comparing the
speech of 4 children with 22q11Ds with
nonsyndromic children with a palatal cleft found:
e a smaller repertoire of consonant types
¢ 2 higher predominance of glottal stops
¢ a lower frequency of consonant use
e 2 higher rate of VPD

e in the 22q11DS cohort and this seems to be a
typical finding, but there is paucity of research
using larger subject numbers.

Common features of speech where there is
velopharyngeal dysfunction include:

e hypernasal resonance(nasal tone)

e missing oral consonants e.g. p, b, s, f, ch

e oral consonants weak/nasalised

e oral consonants replaced by nasals i.e. m, n

e nasal emission (air escaping down nose during
speech)

e nasal turbulence (a friction sound in nose due
to air escape)

® quiet voice/abnormal voice quality.

Where there is evidence of velopharyngeal
dysfunction, the patient should be referred to the
Regional Cleft Team who will assess the palate
function and explore possible treatment options
with the patient and family. Those options may
involve speech therapy alone or perhaps surgery
together with speech therapy. Investigation of
palate function may need to be delayed if the
patient’s language development is significantly
delayed, if they have poor attention skill or they
are not able to cooperate.

Therapy involves direct teaching of new
speech targets with frequent repetition and
opportunities to practise new skills. The child
will need tangible rewards to remain motivated.
Therapy may need to be both intensive and
prolonged to achieve success with support from
both home and school.

Signing (e.g. Makaton) can be employed as a
support to verbal communication. There is a
debate as to whether signing delays speech
acquisition or if it gives the child a mechanism for
communication and reduces frustration. No
comparison has been made between the different
philosophies# [C].

7.6.8 Speech assessment

Speech  assessment is most usually
undertaken using:

e GOS.SP.ASS#.  This is a speech sample
elicitation assessment for children with a cleft
palate or velopharyngeal dysfunction which
assesses airflow, resonance, intelligibility and
cleft speech  characteristics based on
spontaneous speech and sentence repetition

e Diagnostic Evaluation of Articulation and
Phonology (DEAP)*# which detects and
differentiates between articulation problems,
delayed phonology and consistent versus
inconsistent phonological disorders using
National UK norms.
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Other tests of articulation and phonology are
available.

Due to the complex, multifactorial nature of
speech and communication difficulties in
22q11DS it is imperative that a referral is made
for assessment at an early stage, but the need for
ongoing monitoring and intervention is likely as
the child gets older due to the changing
communication profile. With increasing age,
social communication difficulties may well come
to the fore with consequent difficulties for the
child in relating to peers along with emerging
deficits in higher level language functioning.
Often a Statement of Educational Need is
required to allow schools to put in place the
required resources and to enable the child to
access the curriculum fully.

7.7 Management of cleft/non-cleft VPI

Management may be complicated, over and
above issues associated with cleft palate by
multiple factors in children with 22q11DS and no
secondary management should be undertaken
without a full multi-disciplinary assessment of the
patient (usually a child).

There is no consensus on the surgical
procedure of choice for management of VPI, let
alone in 22q11DS. Various procedures have been
advocated for the patient with 22q11DS ranging
from primary palate repair, secondary re-repair
often combined with a posterior pharyngeal flap
and/or a sphincter pharyngoplasty.

Success rates are hard to assess as the series
are universally small and either retrospective or
uncontrolled cohort studies®3* [C]. None the
less, it is agreed that surgery or prosthetic
management will be required for VPI because it
cannot be cured by Speech Therapy. The size of
the residual gap between the velum and posterior
pharyngeal wall, or basisphenoid, at maximal
velar excursion tends to influence the surgeon as
to what approach to take.

The recent trend in the United Kingdom has
been for patients who have previously been
treated for a cleft palate (overt or SMCP) to
undergo a Furlow Re-Repair or a Palate Re-
Repair with IVVP. This approach is best suited
to a small residual VP gap, but may still be
beneficial in larger gaps because the increased
range of palatal movement means that any
subsequent pharyngeal procedure need not be as
extensive. As yet, although clearly common
sense, there is no literature to back the

philosophy [D].

Techniques to change the pharynx are of 2
broad types:
e Sphincter Pharyngoplasty
Hynes or Orticochoea pharyngoplasty (or
modifications) are theoretically more suited for
patients with coronal pattern of VP closure
e Pharyngeal Flap
A postetior, supetiotly or inferiotly, based flap
is usually used in the United Kingdom and is
theoretically more suited to patients with
sphincteric or sagittal VP closure.

There is, as yet, no evidence that attempting
to match the pattern of closure with the
operation chosen to correct VPI is any better
than using a single technique™%% [C]. It
remains impossible to tailor the treatment
accurately to fit the velopharyngeal gap and, even
if closure is anatomically possible on suction
testing at the end of a procedure, a functional
deficit may persist due to intrinsic hypotonicity
and incoordination.

Residual hypernasality and nasal escape is
common in children with 22q11DS, but this is
better than rendering a child with congenital
heart disease over closed, exposing them to the
risk of developing cor pulmonale.

7.8 Post-operative management after
oropharyngeal surgery

Children with 22q11DS often remain in
hospital for one to two days longer than non-
syndromic children after pharyngeal or palatal
surgery. They are often reluctant to swallow
liquids and solids of any sort or consistency,
including medication. Warning the family about
this before surgery is important and explaining to
the child the importance of drinking and taking
the medication in reducing discomfort is
essential. This behaviour seems to be unique to
children with 22q11DS57 [C]. It is known that
children between 4 and 6 years may have
psychological consequences of being in hospital
such as wetting and night terrors and it is
advisable, if possible, to avoid this time period for
non-essential surgery in children with 22q11DS.
Any psychological sequelac and loss of
confidence or trust in the cleft team may have an
additional adverse impact on the child’s ability to
work with the speech and language therapist after
surgery.

It is better to have mild VPI than to have over
closure which can lead to snoring, habitual mouth
breathing, difficulties with nose blowing and with
eating and swallowing and, potentially, sleep
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apnoea which can be severe enough to produce
right heart strain leading to cor pulmonale, which
must be avoided if the child has had cardiac
surgery. Some children develop mixed nasal
resonance where the gap is too small for normal
nasal resonance but where the pharynx is too
hypodynamic to close the residual gap.

7.9 Prosthetic management of VPI

Some children with 22q11DS will have a
severely hypodynamic pharynx and palate, and
they may also have medially displaced carotids,
residual cardiac problems or other medical or
psychological problems that effectively preclude
surgery for VPI. In this group, prosthetic
management of VPI may be appropriate on
risk/benefit analysis. The benefit of an appliance
is that it can be removed at night and for eating,

References

1. Botto LD, May K, Fernhoff PM, et al. A population-
based study of the 22q11.2 deletion: phenotype,
incidence, and contribution to major birth defects in
the population. Pediatrics 2003;112(1 Pt 1):101-7.

2. Ryan AK, Goodship JA, Wilson DI, et al. Spectrum of
clinical features associated with interstitial
chromosome 22q11 deletions: a European
collaborative study. Journal of medical genetics
1997;34(10):798-804.nline First: 1997/11/14]

3. Becker DB, Pilgram T, Marty-Grames L, et al.
Accuracy in identification of patients with 22q11.2
deletion by likely care providers using facial
photographs. Plastic and reconstructive surgery
2004;114(6):1367-72. [published Online First:
2004/10/29)

4, Golding-Kushner KJ, Weller G, Shprintzen R]. Velo-
cardio-facial syndrome: language and psychological
profiles. Journal of craniofacial genetics and
developmental biology 1985;5(3):259-66. [published
Online First: 1985/01/01]

5. Greenhalgh KI., Aligianis IA, Bromilow G, et al. 22q11
deletion: a multisystem disorder tequiring
multidisciplinary input. Archives of disease in
childhood 2003;88(6):523-4. [published Online First:
2003/05/27]

6. Solot CB, Knightly C, Handler SD, et al.
Communication disorders in the 22Q11.2
microdeletion syndrome. Journal of communication
disorders 2000;33(3):187-203; quiz 03-4. [published
Online First: 2000/07/25]

7. Mehendale FV, Birch MJ, Birkett L, et al. Surgical
management of velophatyngeal incompetence in
velocardiofacial syndrome. The Cleft palate-
craniofacial journal : official publication of the
American Cleft Palate-Craniofacial Association
2004;41(2):124-35. doi: 10.1597/01-110 [published
Online First: 2004/03/03]

8. Rommel N, Vantrappen G, Swillen A, et al.
Retrospective analysis of feeding and speech disorders
in 50 patients with velo-cardio-facial syndrome.
Genetic counseling (Geneva, Switzerland)

1999;10(1):71-8. [published Online First: 1999/04/07)

so avoiding lifelong hyponasality from an over
closed pharynx. Unfortunately, prosthetic
management of VPI in children in the deciduous
dentition is problematic due to difficulty in
retention and, in some children with 22q11DS, it
may be especially difficult due to poor
compliance. To wait for the secondary dentition
to hold an appliance in place means that a child
will have abnormal speech during their formative
years.

Unfortunately, for these reasons, obturation
may not be very successful in the management of
children with 22q11DS and VPI. There is little
published on the use of prostheses in these
patients.

Nigel Mercer
Anne Roberts

9. Solot CB, Gerdes M, Kirschner RE, et al.
Communication issues in 22q11.2 deletion syndrome:
children at risk. Genetics in medicine : official journal
of the American College of Medical Genetics
2001;3(1):67-71. [published Online First: 2001/05/08]

10.  Digilio MC, Pacifico C, Tieri L, et al. Audiological
findings in patients with microdeletion 22q11 (di
George/velocardiofacial syndrome). British journal of
audiology 1999;33(5):329-33. [published Online First:
2000/07/13]

11. Dyce O, McDonald-McGinn D, Kirschner RE, et al.
Otolaryngologic manifestations of the 22q11.2 deletion
syndrome. Archives of otolaryngology--head & neck
surgery 2002;128(12):1408-12. [published Online First:
2002/12/17)

12.  Ford LC, Sulprizio SL, Rasgon BM. Otolaryngological
manifestations of velocardiofacial syndrome: a
retrospective review of 35 patients. The Laryngoscope
2000;110(3 Pt 1):362-7. doi: 10.1097/00005537-
200003000-00006 [published Online First:
2000/03/16]

13.  Reyes MR, LeBlanc EM, Bassila MK. Hearing loss and
otitis media in velo-cardio-facial syndrome.
International journal of pediatric otorhinolaryngology
1999;47(3):227-33. [published Online First:
1999/05/13]

14.  NICE. Assessment and treatment for children with
cleft palate. [Available from:
ttp:/ /pathways.nice.org.uk

management-of-otitis-media-with-effusion-in-children.

15.  Bruce I, Harman N, Williamson P, et al. The
management of Otitis Media with Effusion in children
with cleft palate (nOMEnt): a feasibility study and
economic evaluation. Health technology assessment
(Winchester, England) 2015;19(68):1-374. doi:
10.3310/hta19680 [published Online First:
2015/09/01]

2

Max Appeal! 22q11DS Consensus Document June 2017 31


http://pathways.nice.org.uk/pathways/surgical-management-of-otitis-media-with-effusion-in-children
http://pathways.nice.org.uk/pathways/surgical-management-of-otitis-media-with-effusion-in-children

32

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ezzi OE, Herzog G, Broome M, et al. Grommets and 27.

speech at three and six years in children born with total
cleft or cleft palate. International journal of pediatric
otorhinolaryngology 2015;79(12):2243-7. doi:
10.1016/j.ijporl.2015.10.012 [published Online First:
2015/11/08]

Kuo CL, Tsao YH, Cheng HM, et al. Grommets for 28.

otitis media with effusion in children with cleft palate:
a systematic review. Pediatrics 2014;134(5):983-94. doi:
10.1542/peds.2014-0323 [published Online First:
2014/10/08]

Ponduti S, Bradley R, Ellis PE, et al. The management

of otitis media with early routine insertion of grommets
in children with cleft palate -- a systematic review. The

Cleft palate-craniofacial journal : official publication of
the American Cleft Palate-Craniofacial Association

2009;46(1):30-8. doi: 10.1597/07-219.1 [published 29.

Online First: 2009/01/01]

Smallridge J, Hall AJ, Chorbachi R, et al. Functional
outcomes in the Cleft Care UK study--Part 3: oral

health and audiology. Orthodontics & craniofacial 30.

research 2015;18 Suppl 2:25-35. doi:
10.1111/0cr.12110 [published Online First:
2015/11/17]

Scherer NJ, D'Antonio LL, Kalbfleisch JH. Early

speech and language development in children with 31.

velocardiofacial syndrome. American journal of
medical genetics 1999;88(6):714-23. [published Online
First: 1999/12/03]

Gerdes M, Solot C, Wang PP, et al. Cognitive and

behavior profile of preschool children with 32.

chromosome 22q11.2 deletion. American journal of
medical genetics 1999;85(2):127-33. [published Online
First: 1999/07/16]

Mills L, Gosling A, Sell D. Extending the
communication phenotype associated with 22q11.2
microdeletion syndrome. Advances in Speech-
Language Pathology 2006;8:17-27.

33.

Zimmerman IT., Pond RE, Steiner VG. Pre-School
Language Scale - Fourth Edition (PLS-4UK) 2009
[Available from:
http://www.pearsonclinical.co.uk/Psychology/ChildC
ognitionNeuropsychologvandlanguage/ChildLanguag
¢/ClinicalEvaluationofl.anguageFundamentals-
FourthEditionUK(CELF-

4UK)/ClinicalEvaluationoflanguageFundamentals- 34.

FourthEditionUK(CELF-4UK).aspx.

Semel E, Wiig EH, Secord W. CELF-Preschool UK.
London: Psychological Corporation.; 2006 [Available
from:

http://www.pearsonclinical.co.uk/Psychology/ChildC 35.

ognitionNeuropsychologvandlanguage/ChildLanguag
¢/ClinicalEvaluationofl.anguageFundamentals-
FourthEditionUK(CELF-

4UK) /ClinicalEvaluationoflanguageFundamentals-
FourthEditionUK(CELF-4UK).aspx.

36.
Glaser B, Mumme DL, Blasey C, et al. Language skills
in children with velocardiofacial syndrome (deletion
22q11.2). The Journal of pediatrics 2002;140(6):753-8.
doi: 10.1067/mpd.2002.124774 [published Online
First: 2002/06/20] 37.

Persson C, Niklasson L, Oskarsdottir S, et al. Language
skills in 5-8-year-old children with 22q11 deletion
syndrome. International journal of language &
communication disorders 2006;41(3):313-33. doi:
10.1080/13682820500361497 [published Online First:
2006/05/17)

Gerdes M, Solot C, Wang PP, et al. Taking advantage
of carly diagnosis: preschool children with the 22q11.2
deletion. Genetics in medicine : official journal of the
American College of Medical Genetics 2001;3(1):40-4.
doi: 10.109700125817-200101000-00009 [published
Online First: 2001/05/08]

Semel E, Wiig EH. Clinical Evaluation of Language
Fundamentals - Fourth Edition UK (CELF-4 UK).
London: Psychological Corporation; 2006 [Available
from:
http://www.pearsonclinical.co.uk/Psychology/ChildC
ognitionNeuropsychologyandlanguage/ChildLanguag
e/ClinicalEvaluationofl.anguageFundamentals-
FourthEditionUK(CELF-

4UK) /ClinicalEvaluationofl.anguageFundamentals-
FourthEditionUK(CELF-4UK).aspx

Renfrew CE. Action Picture Test Revised Editon.
Bicester, Oxon: Winslow Press Ltd.; 1988 [Available

from: http://www.speechmark.net/action-picture-test-

revised-editon.

Renfrew CE. Bus Story Test - a test of Narrative
Speech, revised editon. Bicester, Oxon: Winslow Press
Ltd.; 1997 [Available from:

h .

./ /www.speechmark.net/bus-story-test-revised-
editon.

Eliez S, Palacio-Espasa F, Spira A, et al. Young
children with Velo-Cardio-Facial syndrome (CATCH-
22). Psychological and language phenotypes. European
child & adolescent psychiatry 2000;9(2):109-14.
[published Online First: 2000/08/05]

D'Antonio LL, Scherer NJ, Miller LL, et al. Analysis of
speech characteristics in children with velocardiofacial
syndrome (VCES) and children with phenotypic
overlap without VCFS. The Cleft palate-craniofacial
journal : official publication of the American Cleft
Palate-Craniofacial Association 2001;38(5):455-67. doi:
10.1597/1545-1569(2001)038<0455:a0scic>2.0.co;2
[published Online First: 2001/08/28]

Kummer AW, Lee L, Stutz LS, et al. The prevalence of
apraxia characteristics in patients with velocardiofacial
syndrome as compared with other cleft populations.
The Cleft palate-craniofacial journal : official
publication of the American Cleft Palate-Craniofacial
Association 2007;44(2):175-81. doi: 10.1597/05-170.1
[published Online First: 2007/03/03]

Golding-Kushner KJ. Treatment of articulation and
resonance disorders associated with cleft palate and
VPL. Cleft palate Speech Management; A
Multidisciplinary Approach. St Louis: Mosby 1995:327-
51.

Golding-Kushner KJ. Speech and language disorders in
velo-cardio-facial syndrome. In: Mutphey KC,
Scramble PJ, eds. Velo-Cardio-Facial Syndrome: A
Model for Understanding Microdeletion Disorders.
Cambridge: Cambridge University Press 2005:181-99.

Communicative profiles of children with
velocardiofacial syndrome and research update. Annual
Meeting of the American Speech-Language-Hearing
Association; 2004; Philadelphia, PA.

Predictors of phonetic accuracy in children with
22q11.2 deletion syndrome and children with
nonsyndromic cleft palateor VPI. Annual Meeting of
the American Cleft Palate-Craniofacial Association;
2005; Myrtle Beach SC.

Max Appeal! 22q11DS Consensus Document June 2017


http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.pearsonclinical.co.uk/Psychology/ChildCognitionNeuropsychologyandLanguage/ChildLanguage/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK)/ClinicalEvaluationofLanguageFundamentals-FourthEditionUK(CELF-4UK).aspx
http://www.speechmark.net/action-picture-test-revised-editon
http://www.speechmark.net/action-picture-test-revised-editon
http://www.speechmark.net/bus-story-test-revised-editon
http://www.speechmark.net/bus-story-test-revised-editon

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Witt PD, Marsh JL, Marty-Grames L, et al.
Management of the hypodynamic velopharynx. The
Cleft palate-craniofacial journal : official publication of
the American Cleft Palate-Craniofacial Association
1995;32(3):179-87. doi: 10.1597/1545-
1569(1995)032<0179:mothv>2.3.co;2 [published
Online First: 1995/05/01]

Friedman O, Wang TD, Milczuk HA. Cleft lip and
palate. In: Cummings CW, Flint PW, Haughey BH, et
al., eds. Otolaryngology - Head and neck surgery.
Philadelphia PA: Elsevier Mosby 2005:4052-85.

Witt P, Cohen D, Grames LM, et al. Sphincter
pharyngoplasty for the surgical management of speech
dysfunction associated with velocardiofacial syndrome.
British journal of plastic surgery 1999;52(8):613-8. doi:
10.1054/bjps.1999.3168 [published Online First:
2000/02/05]

Havkin N, Tatum SA, Shprintzen R]. Velopharyngeal
insufficiency and articulation impairment in velo-
cardio-facial syndrome: the influence of adenoids on
phonemic development. International journal of
pediatric otorhinolaryngology 2000;54(2-3):103-10.
[published Online First: 2000/09/01]

Chegar BE, Tatum SA, 3rd, Marrinan E, et al. Upper
airway asymmetry in velo-cardio-facial syndrome.
International journal of pediatric otorhinolaryngology
2006;70(8):1375-81. doi: 10.1016/j.ijpot1.2006.02.007
[published Online First: 2006/03/22]

Campbell LE, Daly E, Toal F, et al. Brain and
behaviour in children with 22q11.2 deletion syndrome:
a volumetric and voxel-based morphometry MRI
study. Brain : a journal of neurology 2006;129(Pt
5):1218-28. doi: 10.1093/brain/awl066 [published
Online First: 2006/03/30]

Golding-Kushner KJ. Communication in Velo-Cardio-
Facial Syndrome. In: Cutler-Landsman D, ed.
Educating Children with Velo-Cardio-facial Syndrome:
Plural Publishing 2007:71-94.

Mitnick RJ, Bello JA, Shprintzen R]. Brain anomalies in
velo-cardio-facial syndrome. American journal of
medical genetics 1994;54(2):100-6. doi:
10.1002/2jmg.1320540204 [published Online First:
1994/06/15]

Grove N, Dockrell |. Multisign combinations by
children with intellectual impairments: an analysis of
language skills. Journal of speech, language, and
hearing research : JSLHR 2000;43(2):309-23.
[published Online First: 2000/04/11]

Sell D, Harding A, Grunwell P. GOS.SP.ASS.'98: an
assessment for speech disorders associated with cleft
palate and/or velopharyngeal dysfunction (revised).
International journal of language & communication
disorders 1999;34(1):17-33. [published Online First:
1999/10/03]

Holm A, Dodd B, Hua Z. Diagnostic Evaluation of
Atticulation and Phonology (DEAP). 2002 [Available
from:

http://www.pearsonclinical.co.uk AllledHealth Paedi

1chva]uatlonofAmculatlonandPhonolog DEAP)/ Dla

49.

50.

51.

52.

53.

54.

55.

56.

57.

gnosticEvaluationofArticulationandPhonology(DEAP
.ASPX.

Arneja JS, Hettinger P, Gosain AK. Through-and-
through dissection of the soft palate for high
pharyngeal flap inset: a new technique for the
treatment of velopharyngeal incompetence in
velocardiofacial syndrome. Plastic and reconstructive
surgery 2008;122(3):845-52. doi:
10.1097/PRS.0b013e3181811a83 [published Online
First: 2008/09/04]

Brandao GR, de Souza Freitas JA, Genaro KF, et al.
Speech outcomes and velopharyngeal function after
surgical treatment of velopharyngeal insufficiency in
individuals with signs of velocardiofacial syndrome.
The Journal of craniofacial surgery 2011;22(5):1736-42.
doi: 10.1097/SCS.0b013e31822¢624f [published
Online First: 2011/10/01]

Milczuk HA, Smith DS, Brockman JH. Surgical
outcomes for velopharyngeal insufficiency in
velocardiofacial syndrome and nonsyndromic patients.
The Cleft palate-craniofacial journal : official
publication of the American Cleft Palate-Craniofacial
Association 2007;44(4):412-7. doi: 10.1597/05-136.1
[published Online First: 2007/07/05]

Rouillon I, Leboulanger N, Roger G, et al.
Velopharyngoplasty for noncleft velopharyngeal
insufficiency: results in relation to 22q11
microdeletion. Archives of otolaryngology--head &
neck surgery 2009;135(7):652-6. doi:
10.1001/archoto.2009.64 [published Online First:
2009/07/22]

Sie KC, Tampakopoulou DA, de Serres LM, et al.
Sphincter pharyngoplasty: speech outcome and
complications. The Laryngoscope 1998;108(8 Pt
1):1211-7. [published Online First: 1998/08/26]

Ysunza A, Pamplona MC, Molina F, et al. Surgical
planning for restoring velopharyngeal function in
velocardiofacial syndrome. International journal of
pediatric otorhinolaryngology 2009;73(11):1572-5. doi:
10.1016/}.ijpo11.2009.08.007 [published Online First:
2009/09/02]

Losken A, Williams JK, Burstein FD, et al. An
outcome evaluation of sphincter pharyngoplasty for
the management of velopharyngeal insufficiency.
Plastic and reconstructive surgery 2003;112(7):1755-61.
doi: 10.1097/01.prs.0000090720.33554.8b [published
Online First: 2003/12/10

Losken A, Williams JK, Burstein FD, et al. Surgical
correction of velopharyngeal insufficiency in children
with velocardiofacial syndrome. Plastic and
reconstructive surgery 2006;117(5):1493-8. doi:
10.1097/01.prs.0000206377.14083.ce [published
Online First: 2006/04/28]

Moss EM, Batshaw ML, Solot CB, et al.
Psychoeducational profile of the 22q11.2
microdeletion: A complex pattern. The Journal of
pediatrics 1999;134(2):193-8. [published Online First:
1999/02/05]

Max Appeal! 22q11DS Consensus Document June 2017 33


http://www.pearsonclinical.co.uk/AlliedHealth/PaediatricAssessments/PhonologyandArticulation/DiagnosticEvaluationofArticulationandPhonology(DEAP)/DiagnosticEvaluationofArticulationandPhonology(DEAP).aspx
http://www.pearsonclinical.co.uk/AlliedHealth/PaediatricAssessments/PhonologyandArticulation/DiagnosticEvaluationofArticulationandPhonology(DEAP)/DiagnosticEvaluationofArticulationandPhonology(DEAP).aspx
http://www.pearsonclinical.co.uk/AlliedHealth/PaediatricAssessments/PhonologyandArticulation/DiagnosticEvaluationofArticulationandPhonology(DEAP)/DiagnosticEvaluationofArticulationandPhonology(DEAP).aspx
http://www.pearsonclinical.co.uk/AlliedHealth/PaediatricAssessments/PhonologyandArticulation/DiagnosticEvaluationofArticulationandPhonology(DEAP)/DiagnosticEvaluationofArticulationandPhonology(DEAP).aspx
http://www.pearsonclinical.co.uk/AlliedHealth/PaediatricAssessments/PhonologyandArticulation/DiagnosticEvaluationofArticulationandPhonology(DEAP)/DiagnosticEvaluationofArticulationandPhonology(DEAP).aspx

8. General paediatric problems

8.1 Breathing problems

Causes include laryngomalacia, tracheo-
malacia (2%), or laryngeal web (1%), usually
symptomatic from birth. Later onset occurs in
hypocalcaemia, and acid spillage from gastro-
oesophageal reflux disease (GORD). Broncho-
malacia and vascular rings may present as wheeze
or breathlessness.

Aspiration presents with cough or choking
during feeds; silent aspiration may present as
recurrent infections or wheeze. A dysphagia
assessment, sometimes with videofluoroscopy
(VE), is required. Frank aspiration on VF with all
thicknesses mandates nasogastric (NG) tube
feeding; if thin fluids only, add thickeners in milk,
and weaning foods.

8.2 Feeding

Feeding difficulties are common up to 3 years
of age, may be multifactorial, including dysphagia
due to inco-ordinate muscles, sub-mucous cleft
palate, or secondary to cardiac and respiratory
related breathlessness. Severe early weight loss
often occurs! [D]. GORD is frequently
associated. Periodic, forceful vomiting suggests
malrotation.

Management includes nutrition and feeding
support, sometimes completion of feeds by NG,
and occasionally gastrostomy.

8.3 Constipation

Muscle hypotonia and dysynergy of the gut
predispose to constipation.  Exclude hypo-
thyroidism, consider Hirschsprung’s disease,
anteriorly placed anus, and anal stenosis.
Encourage adequate food intake in infancy and,
at older ages, exercise, fluid and fibre. Consider
regular laxatives.

8.4 Growth

Undernutrition in infancy is followed by
catch up growth in childhood, a risk of
overweight in adolescence and below average
adult height. Consider hypothyroidism, growth
hormone deficiency, coeliac disease, gut
malrotations, and Hirschsprung’s disease as their
prevalence is increased.

8.5 Musculoskeletal abnormalities

Limb abnormalities include supernumerary
digits, talipes equinovarus and Sprengel’s
shoulder. Scoliosis (3%) occurs in infancy from
hemivertebrae and in adolescence from

hypotonia.  Increased prevalence of patella
dislocation occurs in adolescence. Ligamentous
laxity, flat foot, and tight heel cords are common.
Whether these are causally linked with commonly
occurring and mobility limiting leg pains is
uncertain.

8.6 Neurological aspects
Non-progressive dyspraxia and clumsiness
occurs in 94%?2 [D].  Differentiate hypo-
calcaemia  from epileptic = seizures  (6%).
Polymicrogyria, seen on MRI, occur with
increased frequency in the latter, especially when
cerebral palsy is present.  Cervical vertebral
malformations are common?, but neurological
sequelae rare. Evaluate when symptomatic cord
compression or nerve entrapment Occurs.

8.7 Sleep disturbance

Restless  legs, nocturnal leg pains, and
‘erowing pains’ may disturb sleep. Treatment is
symptomatic. Obstructive sleep apnoea may
occur post pharyngoplasty, requiring early ENT
assessment.

8.8 Genitourinary abnormalities

Refer persistent undescended testes (6%)
beyond one year and hypospadias (8%).
Generally, renal anomalies (36%) are
asymptomatic* [D].

8.9 Ears and hearing

Hearing impairment due to recurrent serous
and infective otitis media is common;
sensorineural impairment is usually mild to
moderate, unilateral, affecting 15%> [D].

8.10 Eyes

Conjunctivitis is common. Moderate hyper-
metropia is the commonest refractive errord [D].
Corrective glasses may improve spatial awareness
and reading.

8.11  Autoimmune

Differentiate juvenile idiopathic arthritis
from commoner Tlmb pains’.  Raynaud’s
phenomenon, idiopathic thrombocytopaenia,
Evan’s  haemolytic anaemia, autoimmune
neutropaenia, aplastic anaemia, Graves’ disease
and hypothyroidism, vitiligo, and coeliac disease
have increased prevalence in 22q11DS.
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8.12  Teeth and gums Alex Habel
Tooth enamel defects and caries are
increased, mandating good dental care” [D].
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