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1 Introduction for Parents and Caregivers of VCFS (22q Deletion Syndrome) Individuals 
By Nanci Campion, President of NZ VCFS Support Group
To Parents, Family, Caregivers and Medical Practitioners of VCFS Children

My name is Nanci Campion and I am a parent of a 22 year old son with VCFS. 
I knew from birth that Joshua had something going on and dragged him from Doctor to Specialist, Speech therapist to Physiotherapists and anyone who I thought could help. I was treated like a paranoid parent by some and with great respect by others.
Unfortunately for our son, he was not diagnosed till age 11 and he missed out on the early intervention that can so much help in the long run.
With early diagnosis comes all the rush of feelings among them grief and fear especially as you are usually dealing with physical problems as well. The positive side is you can use early intervention to give your precious child the best support and chance to reach his or her full potential.
 As one of the founding members’ of the VCFS support group, myself and the others realized that we needed a guideline for professionals. Each of us, and the stories we heard, all came up against “Velo what?” We all were discouraged at some point that only a few people in the medical and educational world knew about this syndrome. We the parents not only had to deal with the all VCFS presents, we had to become the educators.
This guide line is for you to print out and take to your GPs or anyone who is taking care of your child.
We are so in debt to Dr. Warwick Smith who listened to our need and has produced this guideline.
Warm regards

Nanci Campion

President of VCFS support Group

2 22q Deletion Syndrome Diagnosis and Management through the Lifespan
2.1 Medical Introduction

These guidelines represent recommended clinical practice involving screening procedures and coordination of care for use by health practitioners with families and caregivers of individuals with the 22q deletion syndrome. They are compiled from a consensus of best practice from published guidelines and are reviewed by NZ sub-specialists. They are presented in developmental stages.

22q deletion syndrome is caused by a microdeletion of chromosome 22 at the q11.2 locus. 22q deletion syndrome is the most common contiguous gene deletion syndrome in humans. The population incidence has been estimated at 1 in 2000 to 4000 individuals, although many patients remain undiagnosed due to phenotypic variability. 22q deletion syndrome has gone under multiple names, including DiGeorge sequence or DiGeorge syndrome, velo-cardio-facial syndrome, conotruncal anomaly face syndrome (or Takao syndrome), and Cayler syndrome. These names represent the broad spectrum of a single syndrome. However not all DiGeorge sequence and Cayler syndrome patients have the 22q deletion.

The clinical manifestations of the 22q deletion are many with a wide spectrum of severity. There is interfamilial and intrafamilial variability in phenotype. No clinical feature occurs with 100% frequency and there are no pathognomonic or obligatory features. The main features are congenital heart malformations, velopharyngeal insufficiency, cleft palate, learning disabilities, behavioural difficulties, psychiatric disorders, hypocalcaemia, immunodeficiency, and characteristic facial features. 

The percentages referred to below are probably higher than what would be expected in the general population of 22q deletion individuals as they are mostly derived from case series that are usually biased towards individuals with more severe clinical problems.

2.2 Diagnostic Testing

Request a blood test for both Fluorescent In Situ Hybridisation (FISH) for the 22q deletion syndrome and a standard high-resolution karyotype. The FISH test is highly sensitive and specific for the 22q deletion syndrome. A standard chromosome analysis will only detect about 15% of the deletions associated with the syndrome. The commonest probe used is the TUPLE probe. A high-resolution karyotype is important because the deletion may be related to a chromosome rearrangement such as an unbalanced translocation or because the constellation of anomalies could be related to a different chromosome anomaly. This changes the genetic counseling of recurrence risk.

2.3 Antenatal diagnosis

If the 22q deletion syndrome is suspected before birth (often based upon antenatal ultrasound findings of conotruncal type cardiac lesions) recommend antenatal diagnostic testing by FISH. Refer for Genetic counseling. Perform fetal echocardiography (if not already). Arrange for delivery at a regional centre in anticipation of problems arising from congenital heart disease (perform echocardiogram in neonatal period), hypocalcaemia (check plasma calcium on day 1), and feeding problems (refer to a specialist feeding therapist).

2.4 Neonatal period

Diagnostic testing should be considered in a child presenting with neonatal hypocalcaemia, conotruncal or aortic arch defects, or a combination of congenital heart defects and either a cleft palate, velopharyngeal dysfunction or a submucous cleft palate. Refer for Genetic counseling.

Refer to a primary paediatrician to monitor and coordinate medical management following discharge.

2.4.1 Cardiovascular anomalies

Cardiovascular anomalies are present in approximately 50-74% of 22q deletion syndrome and are the major cause of mortality (>90% of all deaths). The most common anomalies are tetralogy of Fallot (FT) or variants (27-35 %), ventricular septal defect (14-16%) and interrupted aortic arch (IAA) (14-19%). In addition a wide range of further defects have been reported including atrial septal defect, truncus arteriosus (TA), right-sided aorta, pulmonary stenosis, aortic valve anomalies, aberrant subclavian arteries, vascular ring, anomalous origin of the carotid artery, transposition of the great arteries, and tricuspid atresia. Up to 2% of infants with congenital heart disease have 22q deletion depending on the study and rising to 50% of IAA, 34.5% of TA, 33% of conoventricular septal defect, and 16% of FT. Perform an echocardiogram in the neonatal period, even in individuals without cardiac symptoms or signs. Refer to paediatric cardiology and potential surgical repair. In addition anomalies of the internal carotid arteries and other major neck arteries are frequent.

2.4.2 Palatal defects
Palatal defects (69%) manifest as a spectrum from a complete cleft of the secondary palate (less common), submucous cleft palate (SMCP), and bifid uvula to velopharyngeal insufficiency (VPI). VPI is defined as the inability of the soft palate and pharyngeal walls to adequately make closure due to a short palate and hypotonia of the velopharyngeal musculature, or both, hence impairing the separation of the oral and nasal cavities during speech and swallowing. VPI often presents with nasal reflux in infancy and later with hypernasal speech once speech develops. A nasendoscopy may be necessary to define the functioning of an occult submucous cleft palate, which may be difficult to assess on oral examination. Refer all to a multi-disciplinary Cleft team (minimum Plastic surgeon, Orthodontist, ORL (Oto-Rhino-Laryngologist) surgeon, SLT) for evaluation. The procedure and timing of surgical repair will depend upon both the structural defect as well as functional difficulties. If there is an overt cleft palate repair is usually carried out at around 9 months of age.  If there is a SMCP repair depends upon the severity of VPI. Along with SMCP repair a sphincter pharyngoplasty or pharyngeal flap may be performed at the same time. Withhold an adenoidectomy as this may increase the degree of VPI.

2.4.3 Airway problems

Airway problems especially obstruction are common and may involve either or both the upper and lower respiratory tracts. Airway obstruction may present with stridor, apnoea or cyanosis. Upper airway obstruction could be related to pharyngeal hypotonia and/or retrognathism, either or both of which may result in glossoptosis. Laryngomalacia is common in 22q deletion and typically resolves with time. Lower airway obstruction may be caused by a vascular ring or a laryngeal web. Gastro-oesophageal reflux (GOR) may cause intermittent airway obstruction especially during or after feeding. Refer to an ORL for endoscopic examination.

2.4.4 Feeding and growth problems. 
Early feeding and airway problems in some are related to major cardiovascular malformations, palatal defects and pharyngeal hypotonia. A slow weak suck, nasal regurgitation, vomiting, and apnoeic episodes can lead to failure to thrive. Nasal regurgitation is related to hypotonia, a hypoplastic soft palate, and an extremely large nasopharynx. A disorganised suck-swallow-breath pattern makes the infant at risk for aspiration, although frank aspiration is not common. Air swallowing because of uncoordinated breathing and swallowing may contribute to vomiting when air is expelled orally. Vomiting is more common than GOR. Perform a barium swallow for vomiting-possible GOR or vascular ring. Barium video feeding studies in 22q deletion infants have identified the following problems: nasopharyngeal reflux, pharyngo-esophageal dysmotility, prominence of the cricopharyngeal muscle, abnormal cricopharyngeal closure and diverticulum. Thus, the underlying feeding problem in many children appears to be dysmotility in the pharyngo-esophageal area, which is derived from the third and fourth pharyngeal pouches, as well as, esophageal dysmotility. Refer for assessment and management by a Gastroenterologist, Feeding therapist and Dietitian. Tube feeding may be needed for months and occasionally, but unusually, for years. Constipation may develop due to hypotonic gut muscles. Furthermore, anatomic abnormalities have been identified including intestinal malrotation, intestinal nonrotation, imperforate anus, Hirshprung disease, and diaphragmatic hernia.

2.4.5 Craniofacial features. 
Dysmorphic features are subtle in the neonatal period and typically become more evident over time. Cleft of the secondary palate. Retrognathism and the Robin sequence. Short palpebral fissures with telecanthus, a wide and prominent nasal bridge and root, and small mouth. Vertical maxillary excess with long face and deficient malar area. Ears are round in shape with deficient upper helices and may be prominent and low set. The face and ears may be asymmetrical. Craniosynostosis has been reported.

2.4.6 Musculo-skeletal. 
Scoliosis may be congenital or develop over time. A chest x.ray may identify fused vertebrae (mostly cervical), butterfly vertebrae, hemivertebrae, coronal clefts, and rib anomalies (supernumerary ribs). A Sprengel’s anomaly and talipes equinovarus can be identified at birth. Spinal cord tethering and a syrynx may present later with back pain, paraesthesia, bladder dysfunction or gait abnormalities.

2.4.7 Immune defects

Immune defects are found in approximately 75% of individuals and present with frequent infections, poor antibody response, poor response to vaccines and autoimmune disease. Thymic hypoplasia/aplasia produces a variable defect in cell-mediated immunity. Viral infections are often prolonged and abnormal palatal anatomy and GOR frequently leads to an increased susceptibility to upper airway bacterial infections (otitis media and sinusitis) and aspiration pneumonia, especially in individuals with congenital heart disease. Dysphagia and poor nutrition can lead to poor growth, which further impairs cellular immunity.
The management of the immunodeficiency component of infants and children with 22q deletion/ DiGeorge syndrome depends on the degree of immunodeficiency: the term “complete DiGeorge” is used to refer to infants with profound immunodeficiency due to absence of T cells. It is important to note that many of these infants do not have 22q11 deletion. These infants are susceptible to the complications associated with other types of severe immune deficiency, with risks including opportunistic infection, severe infection (including with common viruses), and transfusion acquired Graft Versus Host Disease. These infants need:

· Urgent referral to immunology services for consideration of immune reconstitution (either sibling matched HSCT or thymic transplant)

· Aggressive supportive care with protective isolation, prophylaxis against PCP, and IVIG replacement therapy. All blood products must be irradiated.

Many infants with 22q will have more minor abnormalities of T cells, with a mild reduction in T cell numbers, but normal lymphoproliferative responses to mitogens. In this group there will often be immunologic improvement in the first year of life. These infants do not generally require any specific intervention in terms of prophylaxis or blood transfusion precautions, although these may be considered as a precaution  in infants with markedly reduced T cell counts in whom improvement with time is expected (in contrast to the group above who need more urgent management).

While most patients with 22q deletion have normal antibody production, up to 10% have selective IgA deficiency, and a smaller number have specific antibody deficiency (with poor vaccine response particularly with unconjugated pneumococcal vaccine) and / or hypogammaglobulinaemia. In general these patients will present with recurrent suppurative sinopulmonary infection.
Assess immune status at birth and review with an Immunologist: FBC and T, B and NK (natural killer) lymphocyte subsets. Consider prophylaxis with co-trimoxazole pending results of immune function. In children older than 4 months, check serum immunoglobulins and tetanus, diptheria, and Hib antibody titres. Vaccine responses (pre and post vaccine) may be needed.
2.4.8 Autoimmune disorders

Autoimmune disorders are more common in 22q deletion syndrome: haemolytic anaemia, idiopathic thrombocytopaenia, neutropaenia, type 1 diabetes mellitus, and hypothyroidism-Graves disease. Juvenile arthritis has also been reported. Bernard-Soullier syndrome, a recessive disorder of platelet function, maps to this chromosome region. Autoimmune disease does not correlate with severe T-cell dysfunction, but does correlate with selective IgA deficiency.

2.4.9 Immunizations. 
Live vaccines (i.e. MMR, varicella, BCG) should be withheld in children with impaired T cell function, inability to produce specific antibodies, or markedly reduced T cell numbers. In older children in whom immune function has been assessed as satisfactory (e.g. CD8 > 250/mm3 at 1 year, normal proliferation, normal responses to killed vaccines) the safety of live viral vaccines has been demonstrated.
2.4.10 Transfusions. 
If transfusion is required prior to immune evaluation then all blood products should be irradiated and leukodepleted to avoid CMV. If a severe T cell defect has been excluded then this precaution is no longer required.
2.4.11 Neurodevelopment. 
Hypotonia, increased ligament laxity and developmental delay are very common. Refer to a child development service (CDS) for speech language therapy (SLT) and visiting neurodevelopmental therapy (VNT) services. Encourage general developmental stimulation to maximize the child’s progress. Microcephaly may occur and also reported are pachygyria and polymicrogyria on neuroimaging (especially bilateral perisylvian polymicrogyria). If neonatal seizures occur, include a plasma calcium. Asymmetric crying facies, ataxia, cerebellar hypoplasia, enlarged Sylvian fissures, pituitary abnormalities, polymicrogyria, mega cisterna, and neural tube defects are reported. An MRI of the brain and possibly including the spine may be needed.

2.4.12 Genito-urinary

Genito-urinary anomalies are typically asymptomatic, however early identification is important for preventive care. Structural renal tract anomalies occur in 36% including renal agenesis, echogenic kidney, multicystic dysplastic kidney, small kidneys, calculi, bladder wall thickening, horseshoe kidney, duplicated collecting system, hydronephrosis, vesicoureteric reflux and renal tubular acidosis. Perform a renal ultrasound and manage as per standard guidelines. Assess for undescended testes (6%) and hypospadias (8%).

2.4.13 Endocrine function. 
Congenital or acquired hypocalcaemia secondary to hypoparathyroidism is present in approximately 50% and may present with tremor, tetany, tachypnoea, arrhythmia, irritability, dysphagia, and seizures during the neonatal period. Calcium homeostasis generally normalizes with age, although hypocalcaemia may present in later childhood or adulthood with seizures, especially during stressors such as surgery, illness and/or puberty, or with osteoporosis. Check plasma calcium at least once during infancy, childhood, adolescence, and pregnancy. Also as a precaution check plasma calcium on any hospital admission, particularly those for cardiac or palatal surgery, or alongside other blood tests whenever these are being performed. Parathyroid hormone should be measured if hypocalcaemia is identified. Treatment generally includes calcium supplementation as well as either alfacalcidol (1 alpha-hydroxyvitamin D3) or calcitriol. Treatment should be monitored by a paediatrician or paediatric endocrinologist. Ideally the serum calcium level should be kept at the lower end of the normal range to minimize the risk of hypercalciuria and nephrocalcinosis.

2.4.14 Hypothyroidism and growth hormone deficiency

Hypothyroidism and growth hormone deficiency have both been reported. Free T4 and TSH should be measured and length growth monitored periodically.

2.4.15 Ears and hearing. 
75% have chronic serous otitis media and sinusitis, attributable to the immune deficit and to narrow eustachian tubes. Ossicular abnormalities may occur. Sensorineural hearing loss, often unilateral and mild/moderate, may occur in up to 15%. Refer to audiology for hearing evaluation, including tympanometry, and subsequent monitoring yearly. An ABR can be performed at 2 months of age and testing of preneural functioning by oto-acoustic emissions from birth.

2.4.16 Eyes and vision. 
Infrequently colobomas, cataracts, microphthalmia, strabismus, and small optic discs are found. Refer at birth for ophthalmology assessment and monitoring.

2.4.17 Genetic counseling. 
Review for any family history of CHD, cleft palate and psychosis. There are many clinical manifestations and a wide spectrum of severity. There is interfamilial and intrafamilial variability in phenotype. Arrange for testing in both parents. While 94% of deletions are de novo, 6% are inherited (more typically maternal). If either parent is found to carry the 22q deletion, the recurrence risk is 50% for future pregnancies. The affected child will have a 50% risk of transmitting the deletion to his/her offspring in any pregnancy. If neither parent carries the 22q deletion, the recurrence risk is very small (~1%), but note that there has been sibling recurrence presumed due to gonadal mosaicism.

2.4.18 Disability Services and Support

Complete Child Disability Allowance (CDA) form.

Consider social worker assessment.

Refer for Needs Assessment Service Coordination agency.

Recommend parent support group. 
2.5 Infancy to Two (2) years

2.5.1 Diagnosis, screening assessments and referrals

Refer to a primary pediatrician to monitor and coordinate medical management.

2.5.2 Cardiac. Cardiology review and monitoring. 
If not already performed request an echocardiogram, even if not clinically suspected. SBE prophylaxis when indicated.

2.5.3 Feeding and growth

Feeding and growth difficulties due to insufficient calorie intake are often due to a weak and slow suck, mild nasal regurgitation, vomiting, and apnoeic episodes. Perform a barium swallow for vomiting to check for GOR or a vascular ring. Barium video feeding studies in 22q deletion infants have identified the following problems: nasopharyngeal reflux, pharyngo-esophageal dysmotility, prominence of the cricopharyngeal muscle, abnormal cricopharyngeal closure and diverticulum. Thus, the underlying feeding problem in many children appears to be dysmotility in the pharyngo-esophageal area, which is derived from the third and fourth pharyngeal pouches, as well as, esophageal dysmotility. Tube feeding may be necessary and may persist for some years. Growth retardation is common. 83% have heights and weights <50th centile and 36% are <3rd centile for either height or weight. Refer for feeding and nutrition assessments and advice. Constipation is common; check for hypothyroidism. Growth hormone deficiency is occasionally found in 22q deletion. Hence monitor growth velocity.

2.5.4 Cleft palate and palatal function. 
Review recommendations from Neonatal period. Refer for assessment by a SLT and cleft palate surgical team. Surgical repair is typically carried out at 9 months of age. Surgeons should be aware of the anomalous position of the internal carotid arteries. VPI in the absence of a cleft is very common. This becomes apparent with emerging speech.

2.5.5 Recurrent URTI including OM. 
Adenoids are often small and should not be removed surgically as they function to partially block the nasal airway to help speech sounds.

Airway problems may involve either or both upper and lower airways. Hypotonia and retrognathism contribute to glossoptosis and may be complicated by laryngomalacia, vascular rings or laryngeal webs. The tonsils in 22q deletion syndrome are often hypertrophic and because the pharynx is very deep, they often invaginate postero-inferioriorly into the hypopharynx where they may come in contact with the epiglottis or aryepiglottic folds. They may also block the pyriform sinus tracts or valecula. Symptoms include chronic cough, choking, feeding and swallowing difficulties, a diagnosis of possible asthma, and speech impairment. Consider a barium meal and refer to ORL for endoscopic assessment and treatment where necessary.

2.5.6 Hearing and Vision testing. 
75% have chronic serous otitis media and sinusitis, likely related to narrow eustachian tubes, vomiting, hypotonia and immune dysfunction. Refer to audiology for a hearing evaluation, including tympanometry, and subsequent yearly monitoring. Referral to ORL for insertion of myringotomy tubes. Vision and ophthalmology review. Infrequently colobomas, cataracts, microphthalmia, strabismus, small optic discs are found. Refer for ophthalmology assessment and monitoring.

2.5.7 Developmental and Communication Delay. 
Muscle hypotonia is common. The age of walking is mildly delayed. The mean age of first words is 27.6 months and mean age of onset of first phrases is 39 months, regardless of cardiac or palate status. Early speech milestones are typically delayed by several months, but use of phrases and sentences may be delayed until 3-4 years of age. Between 3 and 4 years of age there is often a rapid acceleration in language development. In excess of 90% have speech, language and communication difficulties. The cause is multifactorial; articulation errors, hypernasality due to VPI, hearing loss due to chronic serous otitis media (CSOM), and mild cognitive and language delay are all possible factors. An assessment of the toddler age group using the Bayley Scale of Infant Development revealed a mean Mental Development Index of 69.8+ 15 and a mean Psychomotor Developmental Index of 60.1+12. Refer to a CDS for SLT, VNT and subsequent PT/OT support.

2.5.8 Seizures
Seizures may be related to hypocalcaemia, stroke, cerebellar or cerebral cortical atrophy, and transient or chronic ischaemia. Seizures should be managed with appropriate standard anticonvulsants. Febrile seizures are also common.

2.5.9 Dental. 
Once teeth erupt refer for assessment and treatment of dental enamel hypoplasia, as at risk of rampant caries of the primary dentition.

2.5.10 Genito-urinary anomalies

Genito-urinary anomalies are typically asymptomatic, however early identification is important for preventive care. 36% have structural renal tract anomalies including renal agenesis, echogenic kidney, multicystic dysplastic kidney, small kidneys, calculi, bladder wall thickening, horseshoe kidney, duplicated collecting system, hydronephrosis, vesicoureteric reflux and renal tubular acidosis. Perform a renal US and manage as per standard guidelines. Assess for undescended testes (6%) and hypospadias (8%).

2.5.11 Hernias. Umbilical 5% and inguinal 20-30%. 
Refer inguinal hernia for surgical repair.

2.5.12 Plasma Ca and TFT
Check plasma Ca and TFT yearly.

2.5.13 Musculo-skeletal. 
Scoliosis may be congenital due to hemivertebrae, or fused vertebrae (mostly cervical). A Sprengel’s anomaly (abnormal and inferiorally placed scapula bone) and talipes equinovarus (5-10%) are present from birth. Significant cervical spine abnormalities have been observed including C2-C3 fusion, fusion of the posterior elements only, and complete block vertebrae of C2-C3. A very small subset have instability on flexion and extension x.rays and rarely resulting in spinal canal narrowing. Refer for orthopaedic review. Spinal cord tethering, a syrynx or a meningocoele may present later with bladder dysfunction, gait abnormalities or leg pain and requires assessment by brain and spine MRI and for neurosurgical review. Tight heel cords are common. Chronic leg pains are a common complaint and are likely related to tissue strain due to hypotonia, ligament laxity and flat foot arches. Massage, local heat treatments and simple analgesia (paracetamol, ibuprofen) are effective for acute pain and soft shoe orthotics to lift the arch may be helpful.

2.5.14 Immunity, haematology and immunizations. 
Review recommendations from Neonatal period. Check FBC. Assess immune function below 12 months and discuss with an Immunologist. Precautions as above with live vaccines (i.e. MMR, varicella, BCG). Increased risk of hemolytic anaemia and ITP.

2.5.15 Disability Services and Support

Complete CDA form

Consider social worker assessment

Refer for Needs Assessment Service Coordination agency.

Recommend parent support group

2.6 Two (2) to five (5) years

2.6.1 Diagnosis, screening assessments and referrals.

Refer to a primary paediatrician to monitor and coordinate medical management.

2.6.2 Cardiac. Cardiology review and monitoring. 
If not already performed request an echocardiogram, even if not clinically suspected. SBE prophylaxis when indicated.

2.6.3 Feeding and growth. 
Weak and slow suck, mild nasal regurgitation, vomiting, and apnoeic episodes present during infancy have usually been identified and managed or have resolved spontaneously. Perform a barium swallow for vomiting-possible GOR, vascular ring. Barium video feeding studies in 22q deletion infants have identified the following problems: nasopharyngeal reflux, pharyngo-esophageal dysmotility, prominence of the cricopharyngeal muscle, abnormal cricopharyngeal closure and diverticulum. Thus, the underlying feeding problem in many children appears to be dysmotility in the pharyngo-esophageal area, which is derived from the third and fourth pharyngeal pouches, as well as, esophageal dysmotility. Initial growth retardation is common. 83% have heights and weights <50th centile and 36% are <3rd centile for either height or weight. Refer for feeding and nutrition assessments and advice. Constipation is common; check for hypothyroidism. Growth hormone deficiency is occasionally found in 22q deletion. Hence monitor growth velocity.

2.6.4 Cleft palate and palatal function. 
Hypernasal speech. While an overt cleft palate is typically excluded in the neonatal period, assessment for a submucous cleft palate and/or VPI should be undertaken by an experienced clinician, such as a specialist SLT from a Cleft team. Videofluoroscopy can be performed to assess palatal function during speech. A pharyngoplasty typically improves speech, not just speech therapy. Surgeons should be aware of the anomalous position of the internal carotid arteries.

2.6.5 Recurrent URTI including OM. 
Recurrent URTI are common, although the incidence decreases from 2 years of age. The adenoids are often small and should not be removed surgically as they function to partially block the nasal airway to help speech sounds.

2.6.6 Airway problems

Airway problems may involve either or both upper and lower airways. Most will have been identified and managed by this age, such as hypotonia and retrognathism contributing to glossoptosis, laryngomalacia, vascular rings or laryngeal webs. The tonsils in VCFS are often hypertrophic and because the pharynx is very deep, they often invaginate postero-inferioriorly into the hypopharynx where they may come in contact with the epiglottis or aryepiglottic folds. They may also block the pyriform sinus tracts or valecula. Symptoms include chronic cough, choking, feeding and swallowing difficulties, a diagnosis of possible asthma, and speech impairment. Consider a barium meal and refer to ORL for endoscopic assessment and treatment where necessary.

2.6.7 Hearing and Vision testing. 
75% have chronic serous otitis media and sinusitis, likely related to narrow eustachian tubes, vomiting, hypotonia and immune dysfunction. Refer to audiology for a hearing evaluation, including tympanometry, and subsequent yearly monitoring. Referral to ORL for insertion of myringotomy tubes. Vision and ophthalmology review. Infrequently colobomas, cataracts, microphthalmia, strabismus, small optic discs are found. Refer for ophthalmology assessment and monitoring.

2.6.8 Developmental and Communication Delay. 
While early developmental delay and language impairment are typical, around 4 years of age children show “catch up” in cognitive skills. Subsequently, as more abstract learning takes place, individuals with 22q11 deletion syndrome will usually maintain strong concrete skills but manifest poor abstract reasoning and problem-solving skills (ie, poor executive functioning). In excess of 90% have some communication difficulties. The cause is multifactorial with articulation, hypernasality due to VPI, CSOM with hearing loss, language delays and disorders, speech dyspraxia and mild cognitive delay all possible factors. If VPI is severe children typically substitute glottal stop consonants for nearly all speech sounds rendering speech unintelligibile. Early speech milestones are typically delayed by several months, but use of phrases and sentences may be delayed until 3-4 years of age. Between 3 and 4 years of age there is often a rapid acceleration in language development. Refer to a CDS for SLT, VNT and subsequent PT/OT support. Refer to Ministry of Education (MOE) Group Special Education (GSE) for Early Intervention services including SLT, Early Intervention Teacher (EIT) and Psychologist as needed. Early enrolment at an Early Childhood Centre, such as kindergarten, can encourage developmental progress (social, behavioural, communication, cognitive, self-help, and motor skills), sometimes with the support of an Education Support Worker (ESW). Abnormal behaviour patterns may occur in young children and should be referred for assessment by a paediatrician.

2.6.9 Seizures

Seizures may be related to hypocalcaemia, stroke, cerebellar or cerebral cortical atrophy, and transient or chronic ischaemia. Seizures should be managed with appropriate standard anticonvulsants. Febrile seizures are also common.

2.6.10 Dental. 
Refer early for assessment and treatment of dental enamel hypoplasia as at risk of rampant caries of the primary dentition. Recommended review every 6 months.

2.6.11 Genito-urinary anomalies

Genito-urinary anomalies are typically asymptomatic, however early identification is important for preventive care. 36% have structural renal tract anomalies including renal agenesis, echogenic kidney, multicystic dysplastic kidney, small kidneys, calculi, bladder wall thickening, horseshoe kidney, duplicated collecting system, hydronephrosis, vesicoureteric reflux and renal tubular acidosis. Perform a renal US and manage as per standard guidelines. Assess for undescended testes (6%) and hypospadias (8%).

2.6.12 Hernias. 
Umbilical 5% and inguinal 20-30%. Refer inguinal hernia for surgical repair.

2.6.13 Musculo-skeletal. 
Scoliosis may be congenital due to hemivertebrae, or fused vertebrae (mostly cervical). A Sprengel’s anomaly (abnormal and inferiorally placed scapula bone) and talipes equinovarus (5-10%) are present from birth. Significant cervical spine abnormalities have been observed including C2-C3 fusion, fusion of the posterior elements only, and complete block vertebrae of C2-C3. A very small subset have instability on flexion and extension x.rays and rarely resulting in spinal canal narrowing. Refer for orthopaedic review. Spinal cord tethering, a syrynx or a meningocoele may present with bladder dysfunction, gait abnormalities or leg pain and requires assessment by brain and spine MRI and for neurosurgical review. Tight heel cords are common. Chronic leg pains are a common complaint and are likely related to tissue strain due to hypotonia, ligament laxity and flat foot arches. Massage and local heat treatments are effective for acute pain and soft shoe orthotics to lift the arch may be helpful.

2.6.14 Plasma Ca and TFT

Check plasma Ca and TFT yearly.

2.6.15 Immunity, haematology and immunizations. 
Check FBC. Assess immune function if suffering from recurrent infections and discuss with an Immunologist. Precautions as above with live vaccines. Increased risk of hemolytic anaemia and ITP.

2.6.16 Disability Services and Support

Complete CDA form

Consider social worker assessment

Refer for Needs Assessment Service Coordination agency.

Recommend parent support group

2.7 Five (5) to Twelve (12) years

2.7.1 Diagnosis, screening assessments and referrals.

If not already performed each child should have an echocardiogram, renal ultrasound scan, lymphocyte count and screening for hypocalcaemia.

Refer to a primary paediatrician to monitor and coordinate medical management.

2.7.2 Cardiac. 
Cardiology review and monitoring as clinically indicated. As above request an echocardiogram if not already performed, even if not clinically suspected. SBE prophylaxis when indicated.

2.7.3 Feeding and growth. 
Although previous feeding and growth difficulties should have resolved children may still be fussy eaters or have difficulty with some textures. Individuals are of relative short stature in relation to parental height. Constipation is common; check for hypothyroidism.

2.7.4 Cleft palate and palatal function. 
Assess speech clarity especially for hypernasal speech. If VPI is severe children typically substitute glottal stop consonants for nearly all speech sounds rendering speech unintelligible. While an overt cleft palate is excluded in the neonatal period, assessment for a submucous cleft palate and velo-pharyngeal insufficiency should be undertaken by an experienced clinician, such as a specialist SLT from a Cleft team. Videofluoroscopy can be performed to assess palatal function during speech. A pharyngoplasty typically improves speech. Surgeons should be aware of the anomalous position of the internal carotid arteries.

2.7.5 Recurrent URTI including OM
Recurrent URTI including OM are more common in the younger age group. The adenoids are often small and should not be removed surgically as they function to partially block the nasal airway to help speech sounds.

2.7.6 Airway problems

Airway problems may involve either or both upper and lower airways. At this age the tonsils are often hypertrophic and because the pharynx is very deep, they often invaginate postero-inferiorly into the hypopharynx where they may come in contact with the epiglottis or aryepiglottic folds. They may also block the pyriform sinus tracts or valecula. This may result in the following symptoms: chronic cough, choking, feeding and swallowing difficulties, a diagnosis of possible asthma, and speech impairment. Consider a barium meal and refer to ORL for endoscopic assessment and treatment where necessary.

2.7.7 Hearing and Vision testing.
Low risk of either conductive hearing loss due to CSOM and vision problems. Testing as clinically indicated.

2.7.8 Learning and behavioural problems. 
Learning problems occur in nearly all individuals. Mathematics and reading comprehension difficulties are common. Individuals have more specific difficulties with abstract reasoning and poor problem-solving skills. Hence they are taught best using concrete examples and dividing complex problems into simple components. Drill and repetition are also effective. Cognitive functioning is usually in the borderline to mild ID range. Cognitive testing often reveals a much weaker performance than verbal IQ score consistent with a nonverbal learning disability. Severe Intellectual Disability is not usual. Schools receive MOE funding to support children with mild to moderate learning and behavioural difficulties. Schools can provide their own remedial learning support or refer children to a Resource Teacher of Learning and Behaviour (RTLB) or to an SLT or Psychologist from MOE GSE for assessment and support. Schools can also refer children for an OT/PT assessment and therapy.

2.7.9 Emotional and psychiatric problems. 
Individuals with 22q deletion syndrome have difficulties in establishing and maintaining friendships. Attention deficit disorder with or without hyperactivity (ADHD) is common, more so the inattentive subtype. Anxiety, Obsessive Compulsive Disorder (OCD), mood disorders and psychosis (delusions, hallucinations, disorganised behaviours or speech) may also occur and should be assessed by a psychiatrist or a paediatrician with additional psychiatric training typically at a Child and Adolescent Mental Health Service. Consider referral of all individuals for a psychiatric assessment. Treatment of depression with fluoxetine and other serotonin uptake inhibitors or with tricyclic antidepressants has not typically shown benefit. Low doses of methylphenidate may be beneficial for attention deficit disorder and attention deficit hyperactivity disorder, however clinicians will need to be exceedingly cautious because of the potential for the induction and perhaps kindling of bipolar disorder by stimulant drugs used to treat this condition.
2.7.10 Seizures

Seizures may be related to hypocalcaemia, stroke, cerebellar or cerebral cortical atrophy, and transient or chronic ischaemia. Seizures should be managed with appropriate standard anticonvulsants.

2.7.11 Dental. 
Refer early for assessment and treatment of dental enamel hypoplasia. Recommended review every 6 months.

2.7.12 Genito-urinary anomalies

Genito-urinary anomalies are typically asymptomatic, however early identification is important for preventive care. 36% have structural renal tract anomalies including renal agenesis, echogenic kidney, multicystic dysplastic kidney, small kidneys, calculi, bladder wall thickening, horseshoe kidney, duplicated collecting system, hydronephrosis, vesicoureteric reflux and renal tubular acidosis. Perform a renal US and manage as per standard guidelines. Assess for undescended testes (6%) and hypospadias (8%).

2.7.13 Plasma calcium and TFT

Check plasma calcium and TFT every several years, or when clinically indicated.

2.7.14 Musculo-skeletal. 
Refer scoliosis for orthopaedic review. Significant cervical spine abnormalities have been observed including C2-C3 fusion, fusion of the posterior elements only, and complete block vertebrae of C2-C3. A very small subset has instability on flexion and extension x.rays and rarely resulting in spinal canal narrowing. Spinal cord tethering, a syrynx or a meningocoele may present with bladder dysfunction, gait abnormalities or leg pain and requires assessment by brain and spine MRI and referral for neurosurgical review. Tight heel cords are common. Chronic leg pains are a common complaint and are likely related to tissue strain due to hypotonia, ligament laxity and flat foot arches. Massage and local heat treatments are effective for acute pain and soft shoe orthotics to lift the arch may be helpful. Osteopaenia occasionally occurs from adolescence. The cause is poorly understood although may relate to hypocalcaemia and hypotonia. A bone density study may be indicated and if abnormal refer to an Endocrinologist for treatment with vitamin D and biphosphonates.

2.7.15 Immunity, haematology and immunizations. 
Assess immune function if suffering from recurrent infections and discuss with an Immunologist. Precautions as above with live vaccines. Increased risk of hemolytic anaemia and ITP.

2.7.16 Disability Services and Support

Complete CDA form (available until 16-18 years of age)

Consider social worker assessment

Refer for Needs Assessment Service Coordination agency.

Recommend parent support group

2.8 Adolescence and Adulthood

2.8.1 Diagnosis, screening assessments and referrals. 
An initial diagnosis at this stage in life would be unusual, except in some parents when their child is diagnosed. Significant structural problems will have already been identified or the manifestations will be mild or absent. Nonetheless a thorough assessment should take place. Each individual should have an echocardiogram, renal ultrasound scan, lymphocyte count and screening for hypocalcaemia.

Although a primary paediatrician would monitor and coordinate medical management through early and middle adolescence (often until leaving school), no medical equivalent exists for adults. Typically the family general practitioner would then assume primary responsibility for medical evaluations and referrals as necessary. The transition to adulthood, independent living and vocational training should be reviewed. Review sexuality and risk taking behaviours. Cognitive competence (personal care, financial, medical treatment) needs to be monitored and legal guardianship may need to be considered.

2.8.2 Genetic counseling

Refer all individuals for genetic counseling. Affected individuals have a 50% risk of conceiving an affected child because the deletion is expressed in an autosomal dominant manner. Counseling affected individuals can be complicated by their learning disabilities and impairments of executive function.

2.8.3 Cardiac. 
Cardiology review and monitoring. If not already performed request an echocardiogram, even if not clinically suspected. SBE prophylaxis when indicated.

2.8.4 Cleft palate and palatal function. 
Assess speech clarity especially for hypernasal speech. Assessment for a submucous cleft palate and velo-pharyngeal insufficiency should be undertaken by an experienced clinician, such as a specialist SLT and cleft team. A pharyngoplasty typically improves speech. Surgeons should be aware of the anomalous position of the internal carotid arteries.

2.8.5 Recurrent URTI including OM

Recurrent URTI including OM are more common in the younger age group.

2.8.6 Hearing and Vision testing. 
There is only a low risk of either conductive hearing loss due to CSOM and vision problems. Testing as clinically indicated.

2.8.7 Learning and behavioural problems. 
Learning problems occur in nearly all individuals. Mathematics and reading comprehension difficulties are common. Individuals have more specific difficulties with abstract reasoning and poor problem-solving skills. Hence they are taught best using concrete examples and dividing complex problems into simple components. Drill and repetition are also effective. Cognitive functioning is usually in the borderline to mild ID range. Cognitive testing often reveals a much weaker performance than verbal IQ score consistent with a nonverbal learning disability. Severe ID is not usual. Schools receive MOE funding to support children with mild to moderate learning and behavioural difficulties. Schools can provide their own remedial learning support or refer adolescents to a Resource Teacher of Learning and Behaviour (RTLB) or to an SLT or Psychologist from MOE GSE for assessment and support. Schools can also refer adolescents for an OT/PT assessment and therapy.

2.8.8 Emotional and psychiatric problems. 
Individuals with 22q deletion syndrome have difficulties in establishing and maintaining friendships. Psychiatric disorders (including bipolar affective disorder and schizophrenia) are described in up to 18% of adults (overall, 6.5% of adults had experienced at least one episode of psychosis). 22q11 deletions account for <2% of individuals with schizophrenia in the general population. Attention Deficit Hyperactivity Disorder (ADHD) is also common, more so the inattentive subtype. Psychosis (delusions, hallucinations, disorganised behaviours or speech), ADHD, anxiety, OCD and mood disorders should be assessed by a psychiatrist at a Child and Adolescent or Adult Mental Health Service. Consider referral of all individuals for a psychiatric assessment. Treatment of depression with fluoxetine and other serotonin uptake inhibitors or with tricyclic antidepressants has not typically shown benefit. Low doses of methylphenidate may be beneficial for attention deficit disorder and attention deficit hyperactivity disorder, however clinicians will need to be exceedingly cautious because of the potential for the induction and perhaps kindling of bipolar disorder by stimulant drugs used to treat this condition.
2.8.9 HEADSSS psychosocial assessment. 
Taking a psychosocial history is an important part of the health interview of all young people with a long-term health problem or disability as physical, emotional and social well being are closely interlinked. This should be done with the young person alone. The HEADSSS assessment is a useful psychosocial screening tool that aids the clinician to identify the stage of adolescent development and any areas of concern particularly around mental health, risk taking behaviours, sexual health and drug and alcohol use. The process of confidentiality should be explained to the young person and family prior to assessment including the exceptions, i.e., harm to self or harm to others. It is important to explain to the young person that you are about to ask a lot of personal questions that include drugs, sex and depressed mood and that you are asking because these behaviours may affect a person's health. It can be useful to make a general statement instead of personalising questions, such as "Some young people experiment with cigarettes and alcohol. In your year at school, do people smoke/drink/use illicit drugs? What about your friends? And you?" The option not to answer questions should also be given.

· The HEADSSS assessment should include questioning on the following areas:

	Home:
	Include who, where, recent moves, relationships, violence.

	Education & Employment:
	Where, attendance, year, performance, relationships, supports, recent moves, bullying, disciplinary actions, future plans, and work details

	Eating:
	Weight (heaviest, lightest, recent changes), dieting, exercise and menstrual history.

	Activities:
	Outside of school, including sport, organized groups, clubs, parties, TV/ computer use

	Drugs and Alcohol:
	Cigarettes, alcohol and illicit drug use by friends, family and the patient. Enquire into patterns & frequency of use & about any regrets from using these substances.
Also ask about how use is financed and about negative consequences.

	Sexuality:
	Close relationships, sexual experiences, number of partners (total and in the last 3 months), gender of sexual partners (don't assume sexual preferences), uncomfortable situations/ sexual abuse, risk of pregnancy and previous pregnancies (relevant to males as well as females), contraception, condoms and STIs.

	Suicide, Depression & Self-harm:
	Presence and frequency of feeling down or sad as well as current feelings eg. "How do you feel in yourself at the moment on a scale of 1 to 10?" Actions when down, supports. Self-harm- thoughts and actions. Suicide risk- thoughts, attempts, plans, means and hopes for future. Ask about symptoms of anxiety, OCD and hallucinations.

	Safety from injury &Violence:
	Any serious injuries, use of safety gear for sports and seatbelts for cars, riding with an intoxicated driver and exposure to violence at school and in neighbourhood.
For high risk youths ask about carrying or use of weapons and other criminal behaviours/ incarceration of youth or family/ friends.              

Modified table from Royal Children’s Hospital Clinical Guidelines


The identification of any significant areas of concern should prompt further discussion, which may include liaison with GP or school nurse  and/or referral  on to an appropriate mental health, sexual health, drug and alcohol or specialist adolescent services.

2.8.10 Seizures
Seizures may be related to hypocalcaemia, stroke, cerebellar or cerebral cortical atrophy, and transient or chronic ischaemia. Seizures should be managed with appropriate standard anticonvulsants.

2.8.11 Dental. 
Recommended review every 6 months. Orthodontics at cleft palate team.

2.8.12 Genito-urnary anomalies

Genito-urnary anomalies are typically asymptomatic, however early identification is important for preventive care. Perform a renal US and manage as per standard guidelines.

2.8.13 Plasma Ca and TFT

Check plasma Ca and TFT every 1-2 years and especially during pregnancy.

2.8.14 Musculo-skeletal. 
Refer scoliosis for orthopaedic review. Significant cervical spine abnormalities have been observed including C2-C3 fusion, fusion of the posterior elements only, and complete block vertebrae of C2-C3. A very small subset have instability on flexion and extension x.rays and rarely resulting in spinal canal narrowing. Spinal cord tethering, a syrynx or a meningocoele may present with bladder dysfunction, gait abnormalities or leg pain and requires assessment by brain and spine MRI and referral for neurosurgical review. Tight heel cords are common. Chronic leg pains are a common complaint and are likely related to tissue strain due to hypotonia, ligament laxity and flat foot arches. Massage and local heat treatments are effective for acute pain and soft shoe orthotics to lift the arch may be helpful. Osteopaenia occasionally occurs from adolescence. The cause is poorly understood although may relate to hypocalcaemia and hypotonia. A bone density study may be indicated and if abnormal refer to an Endocrinologist for treatment with vitamin D and biphosphonates.

2.8.15 Disability Services and Support

Complete CDA form (available until 16-18 years of age-until school leaving).

An Invalids Benefit may subsequently be appropriate.

Consider social worker assessment.

Refer for Needs Assessment Service Coordination agency.

Recommend parent support group.
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