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Summary

◊ Typically results from a deletion in chromosome 22, which disrupts the development of the
pharyngeal arches and pouches, and may also cause neurological, immunological, endocrinological,
or cognitive deficits.

◊ Classic presentation is a triad of cardiac anomalies, hypoplastic thymus, and hypocalcaemia, but
clinical manifestations are highly variable, ranging from mild learning disabilities to the complete
spectrum of congenital malformations. This phenotypic variability occurs despite a highly consistent
genetic lesion.

◊ Presenting signs and symptoms depend on age at diagnosis and the organ system affected.
Knowledge of the particular characteristics for a given age helps guide follow-up and management.

◊ Treatment modalities depend on clinical manifestations present in the individual patient.
Management is symptomatic and generally follows typical practice for patients without the syndrome,
for any given feature.
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Definition
The classical presentation is a triad of cardiac anomalies, hypoplastic thymus, and hypocalcaemia (resulting
from parathyroid hypoplasia). 22q deletion syndrome (22qDS), described as DiGeorge syndrome or
velocardiofacial syndrome, is the set of characteristic morphological and neurological features that result
from the deletion of 1 copy of 22q11.2. The deletion causes a reduction in TBX1, a key transcription
factor for development of the pharyngeal arches. This developmental disruption may cause cardiac
anomalies, immunological abnormalities, cleft lip and palate, hypoparathyroidism, learning disabilities, and
schizophrenia. The disorder is notable for marked variation in the penetrance of the various features. The
syndrome has been known by multiple other names, including CATCH22 and Shprintzen's syndromes. The
complexity of the nomenclature is due to great variability in the clinical syndrome.

The phenotype of DiGeorge syndrome may be divided into 2 components. The first, pharyngeal component
consists of congenital heart disease, hypoplasia of the parathyroid glands, thymic hypoplasia with T-cell
immunodeficiency, cleft lip and palate, and mild dysmorphic facial features. The second, neurological
phenotype consists of mild cognitive dysfunction, which typically presents as learning disabilities, speech
impairment, and an increased incidence of schizophrenia.
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Loss of 1 copy of 22q11.2, demonstrated by microarray copy number analysis
From the collections of Sean A. McGhee, MD and Maria Garcia Lloret, MD

Epidemiology
DiGeorge syndrome (22qDS) is the most common interstitial deletion syndrome, and only slightly less
common than trisomy 21 (Down's syndrome). Evidence from the Western Götaland region of Sweden
shows the mean annual incidence is approximately 14 per 100,000 live births (approximately 23 per
100,000 live births in Gothenburg, where a multidisciplinary specialist team is based), and the prevalence
is approximately 13 per 100,000 children below 16 years of age (approximately 23 per 100,000 in
Gothenburg).[8] The incidence of 22q deletions is 1/4000 to 1/6000 live births in the US.[9] Evidence from
North and South America shows that the sexes are equally affected, and there is no demonstrated ethnic
predisposition, although it may influence the specific manifestations of the disorder.[9] [10]
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Most 22q deletions presenting with cardiac disease or hypocalcaemia are detected in infancy. Patients who
do not have such overt manifestations may be easily overlooked, and the syndrome may be diagnosed later
because of learning disabilities, palatal insufficiency, or psychiatric disease. The disorder was previously
thought to be rare in adults, but with improved survival after cardiac surgery and more widespread use
of fluorescence in situ hybridisation testing for the deletion, more adults are being identified. Complete
DiGeorge syndrome requiring immune reconstitution through thymic transplant or adoptive transfer of mature
T cells is rare, as is the atypical form of the syndrome (complete syndrome with proliferating autoreactive
oligoclonal T-cell populations).[3] [11]

Aetiology
DiGeorge syndrome results from a deletion of 1 copy of the 22q11.2 chromosomal region.[12] The deletion
results in hemizygosity for at least 30 genes, including TBX1, a key transcription factor for the development
of the pharyngeal arches.[13] This particular deletion is much more common than other interstitial deletions
due to the genomic structure of this region of chromosome 22.[14] Two areas of low copy number repeats
occur at the breakpoints of the deletion. The deletion itself arises when these 2 recombine abnormally during
meiosis.[15] The highly similar structure of the low copy number repeats results in mispairing and a deletion
of the portion of the chromosome between the 2 repeats. The typical deletion is 3 megabases, although
10% to 15% of patients may have a smaller deletion of about 1.5 megabases.[16] This smaller deletion
results from abnormal recombination with a third low copy number repeat. Although these deletions are the
primary cause of the syndrome, 2% of patients have small atypical 22q deletions, and a few patients have no
deletion.[17] [18] [19] [20] [21] [22] Some of these patients have been found to have point mutations in TBX1,
while others have deletions at 10p or mutations in chromodomain-helicase DNA-binding protein.[18] [19]
[20] Phenocopies of DiGeorge syndrome also exist, such as may be found in infants of diabetic mothers.[23]
Genetic variation in TBX1, the principal gene responsible for the syndrome, does not account for the
variability in the phenotype seen in the syndrome.[24] There are no known modifiable risk factors for the
deletion. Most DiGeorge syndrome cases are sporadic, but known mutations are inherited in an autosomal
dominant fashion.[9]

Pathophysiology
DiGeorge syndrome is the set of characteristic morphological and neurological features that result
from the deletion of 1 copy of 22q11.2. The deletion causes a reduction in TBX1, a key transcription
factor for development of the pharyngeal arches. This developmental disruption may cause cardiac
anomalies, immunological abnormalities, cleft lip and palate, hypoparathyroidism, learning disabilities, and
schizophrenia.

The deletion of 1 copy of TBX1 results in inadequate production of the TBX1 protein in the pharyngeal
arches.[21] TBX1 interacts with multiple other signalling molecules, including fibroblast growth factors
and vascular endothelial growth factors, to promote pharyngeal arch development.[25] Because TBX1
is insufficient, the pharyngeal arches and pouches are malformed, and the structures they produce are
hypoplastic.[26] Haploinsufficiency of TBX1 in mice is sufficient to disrupt the fourth pharyngeal arch artery,
replicating a major feature of DiGeorge syndrome.[26] Mice homozygous for TBX1 deletions show complete
absence of the thymus and parathyroids, and mice hemizygous for the syntenic deletion show abnormal
thymuses.[13] [27] TBX1 is also found in the secondary heart field and in the brain, where it may contribute
to the development of the neurological phenotype.[28] Work in mice indicates that when TBX1 is deficient
all embryos initially develop features of the disorder, but some seem to be able to correct the defect during
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later stages of development.[27] This implies that other genes may have a role in modifying the disorder, and
might also suggest that development of at least some disease features is preventable.

Work with the mouse model of 22q deletion has suggested that alterations in microRNA processing caused
by deficiency of DGCR8, a gene found in the deleted region, may contribute to the neurological abnormalities
and abnormal brain imaging seen in DiGeorge syndrome.[29] [30]

Polymorphisms in some genes have been identified that seem to increase the risk of specific
complications.[31] [32] [33]

Polymorphisms in the catechol-O-methyltransferase gene in the deleted region may increase the risk of
schizophrenia, although studies are conflicting. Vascular endothelial growth factor polymorphisms alter the
incidence of heart disease in a murine model of the disorder. Similar mechanisms may be at work in humans.
These polymorphisms are not yet available for clinical testing or predicting outcomes for patients.

Autoimmunity is also a feature of 22q11.2 deletion and is correlated with the severity of T-cell
lymphopenia.[34]
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Loss of 1 copy of 22q11.2, demonstrated by microarray copy number analysis
From the collections of Sean A. McGhee, MD and Maria Garcia Lloret, MD

Classification
Complete and partial DiGeorge syndrome (ESID/PAGID diagnostic
criteria)[1]
DiGeorge syndrome has been historically divided into complete and partial DiGeorge syndrome, although a
greater appreciation of the syndrome's variability has made this distinction less useful.

• Complete DiGeorge syndrome was used if patients had the full spectrum of typical manifestations,
including severe immunodeficiency.
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• Partial DiGeorge syndrome was used if patients had only some manifestations of the disorder,
particularly those without evident immunodeficiency. Partial DiGeorge syndrome is far more common
than complete.

• Measurement of naive T-cell numbers is key to distinguishing partial from complete DiGeorge
syndrome.[2]

Typical and atypical DiGeorge syndrome[3]
Observations have identified a small subset of DiGeorge syndrome patients who have T-cell
immunodeficiency but develop abnormal oligoclonal T cells, resulting in a graft-versus-host disease-like rash
and requiring immunosuppression to avoid complications of lymphoproliferation.[3]

• Typical DiGeorge syndrome is used when patients have varying degrees of immunodeficiency but no
oligoclonal T-cell populations.

• Atypical DiGeorge syndrome is used when patients have proliferating autoreactive oligoclonal T-cell
populations.

Both of these distinctions (typical and atypical) apply only to patients with complete DiGeorge syndrome,
which specifically refers to severe T-cell immunodeficiency (athymia).

DiGeorge syndrome can also be associated with significant B-cell abnormalities in a higher proportion of
patients than previously thought.[4] [5]
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Screening
The asymptomatic population is generally not screened for DiGeorge syndrome. However, there is a
developing impetus for lymphopenia screening to detect severe combined immunodeficiency as part of the
normal newborn screening panel, and this has the potential to detect some (although not most) patients with
22q deletion syndrome as well. There is a pilot effort to screen all newborns for 22q deletion syndrome in one
state in the US. This may be useful, since at least 1 in 4 newborns with 22q deletion are missed clinically,[75]
but the benefit of newborn screening for 22q deletion syndrome is unknown, and this screening will not
detect DiGeorge syndrome resulting from causes other than 22q deletion.[76] [77] Testing only those with
conotruncal abnormalities has only 70% sensitivity for identifying 22q11.2 deletion. Consideration should
be given to screening any patient with an aortic arch abnormality.[78] There is probably little advantage
to screening patients with schizophrenia who do not have other features of DiGeorge syndrome.[79] New
strategies are needed for identifying those with other congenital heart diseases that would benefit from
testing.[80]

Secondary prevention
Genetic counselling is important because of the high risk in the children of affected parents. Because of the
sporadic nature of the disease, most healthy parents are not at risk of additional children with the disorder,
but because the presentation may be mild, a careful assessment of apparently healthy parents is warranted
before determining the recurrence risk. Complex congenital heart disease may be more likely in relatives of
individuals with 22q11.2 deletion syndrome, regardless of whether they also have a deletion.[29]
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Case history
Case history #1
A newborn girl presents with cyanosis after an unremarkable pregnancy and delivery. A hyperoxia test
suggests congenital heart disease, and an echocardiogram confirms tetralogy of Fallot. The infant
subsequently has a seizure, and serum calcium is 5.8 mg/dL. Intact PTH level is low. T-cell enumeration
by flow cytometry reveals a CD3+ cell count of 780 cells/mm^3. At age 4, she begins schooling but has
difficulty performing up to the level of her peers. She has hypernasal speech that is sometimes difficult to
understand. Nevertheless, she completes her schooling and is able to work productively.

Other presentations
The variability of the syndrome leads to many different presentations other than the classic one described.
A patient may have only 1 or 2 of the features, and if he or she does not have cardiac disease or
symptomatic hypocalcaemia, the diagnosis may be missed. The diagnosis may only be discovered when
the patient's child inherits the disorder and has a more severe presentation. The presentation may vary
even within families and with identical deletions.[6] The syndrome may also occasionally present with
rash and lymphadenopathy as in the case of atypical DiGeorge syndrome (complete syndrome with
proliferating autoreactive oligoclonal T-cell populations).[3] A wide range of congenital anomalies other
than the typical ones has been described in some patients with 22qDS. Additionally, some patients with
Parkinson’s disease have been found to have deletions in 22q11.[7]

Step-by-step diagnostic approach
Because there is a reliable diagnostic test, the primary issue in the diagnosis of DiGeorge syndrome is to
determine which patients to test. Presenting signs and symptoms depend on the patient's age at diagnosis
and on the organ system affected. In young infants, classic manifestations include congenital heart disease,
hypocalcaemia, and GI reflux. Mild to moderate T-cell deficiencies are not uncommon, but opportunistic
infections are rare. Speech delay and cognitive impairment may be presenting manifestations of DiGeorge
syndrome in older children and schizophrenia in young adults. Knowledge of the particular characteristics for
a given age helps to guide follow-up and management.

Determining which populations to test
Children should be tested if they have features suggesting DiGeorge syndrome.

In general, any patient with 2 or more common features of DiGeorge syndrome should be screened
for the deletion. These features include any congenital heart defect, features of hypocalcaemia/
hypoparathyroidism (which can manifest as seizures) in infancy, evidence of any velopharyngeal
insufficiency, including cleft palate or hypernasal voice, characteristic facial appearance, and T-cell
lymphopenia.[36] In addition, testing should be considered in those who have learning disorders or
schizophrenia together with any other feature of the disorder. Patients may have frequent sinopulmonary
or viral infections. Children may present with heart failure, cyanosis, and abnormal facial features in
infancy. The characteristic facial appearance may provide an indication for further testing. Young patients
tend to have prominent, cup-shaped ears and a relatively bulbous nose tip.
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Children of parents with DiGeorge syndrome are at risk of inheriting the disorder because it is passed on
in an autosomal dominant fashion.

• Neonates and infants frequently have trouble with feeding, attributed partly to cleft lip and palate.
However, feeding difficulty also occurs without associated cleft palate. Consistent reductions in
olfaction have also been demonstrated in children with 22q11.2 deletion.[37]

• Children frequently exhibit speech development delay and learning disorders.
• Syndrome-specific growth charts have now been developed for 22q11.2 syndrome.[38] [39] Growth

failure is common in comparison with WHO standard growth charts.
• Certain cardiac lesions are characteristic. A type B interrupted aortic arch is the most suggestive,

as around 50% of those with this lesion have 22q11.2DS.[36] Patients with tetralogy of Fallot or
truncus arteriosus probably also warrant screening, although the yield is lower in these groups.[40]
Those with more common cardiac lesions, such as ventricular septal defect, should probably be
screened only if they have other features of the syndrome.

• Schizophrenia and other psychiatric disorders occur later in adulthood, although testing these
patients without features of DiGeorge syndrome is not practical.

• Some patients with 22qDS phenocopies, such as retinoic acid embryopathy, or some infants of
mothers with diabetes have a similar phenotype but do not have 22q deletions.

Cardiologists identify and refer most DiGeorge syndrome patients, and those who have been trained
to recognise the syndrome identify more patients than those who do not have experience with the
disorder.[8]

Patients with primary hypoparathyroidism and those with coloboma of the eye, heart defects, atresia of
the nasal choanae, retardation of growth and/or development, genital and/or urinary abnormalities, and
ear abnormalities and deafness (CHARGE syndrome) should also be screened.

Because of the great variability in the syndrome, if a patient shows any 1 sign of DiGeorge syndrome, it is
important to carefully assess for other signs to determine whether screening is indicated.

Testing for the deletion
Once tested, evidence of a deletion of 1 copy of 22q11.2 is definitive. Fluorescence in situ hybridisation
(FISH) with the TUPLE1 gene probe is the most common test used for identifying the deletion. A
fluorescent probe hybridises to the TUPLE1 gene within the deleted region on a metaphase chromosome
spread. Because human cells are diploid, 2 fluorescent spots should be seen. If only 1 is seen, the person
is hemizygous at TUPLE1. This confirms the diagnosis of DiGeorge syndrome.

Occasionally, a patient is encountered who has a highly typical clinical presentation, but who has a
normal FISH probe. Although this is a fairly unusual finding (5% to 10% of cases), some mechanisms
have been proposed by which it might occur.[25] In patients with point mutations of TBX1, for instance,
sequencing of this gene could clarify the diagnosis. Some DiGeorge-like patients without 22q11.2
deletions have deletions at 10p13-p14.[18] In addition, some infants of mothers with diabetes and
CHARGE syndrome patients may have features similar to DiGeorge syndrome.[23] [41] [42] [43] [44]
[45] [46] Karyotyping should also be performed along with chromodomain-helicase DNA-binding protein
molecular testing to look for CHARGE syndrome or other copy number alterations. Microarray copy
analyses can detect much smaller deletions than karyotyping, and can do so across the whole genome,
unlike FISH, which can assess only 1 locus at a time. DiGeorge syndrome is not the only cause of
athymia, and other causes of T-cell deficiency should be considered if this is the primary presenting
feature.
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Other tests
In patients with suspected or confirmed 22q11.2 syndrome, it is crucial to define the extent of the
manifestations of the disorder. DiGeorge syndrome is a multisystem disorder, and serious anomalies
could be overlooked if not specifically assessed. The initial diagnostic work-up should include
echocardiography, serum calcium, and PTH level. Evaluating immune function is of prime importance
and should include an FBC with differential and immunophenotyping, serum immunoglobulins (IgG,
IgA, and IgM), and, in previously immunised children, levels of specific antibodies. Patients frequently
have renal anomalies, including obstruction, dysplasia, and reflux. At the time of diagnosis, a renal
ultrasound is indicated to screen for these.[47] Dental evaluation and chest x-ray should also be
performed together with an evaluation for velopharyngeal insufficiency, cleft palate, or submucous cleft.
Nasopharyngeal endoscopy may be required to adequately identify palatal abnormalities.[48] Audiometry
and ophthalmological evaluations should be done. Early involvement of developmental specialists and
early intervention are important, as the degree of cognitive difficulty is a major factor in the degree of
disability 22qDS patients must contend with. Many other types of anomalies have occasionally been
associated with DiGeorge syndrome, and the index of suspicion for other congenital malformations should
remain high. Proliferation in response to mitogens and antigens may be used in equivocal cases to help
decide if vaccines may be safely given. If proliferation is normal, vaccines are likely to be tolerated.[49]

Risk factors
Strong
parent with DiGeorge syndrome
• A child of a parent with DiGeorge syndrome is at high risk of the syndrome, as it will be inherited in an

autosomal dominant fashion. Therefore, there is a 50% risk of the disorder in each pregnancy, when
one parent is affected, and the disorder may be more severe in the child.

• Although this risk factor is thought to be uncommon, findings in parents may be extremely subtle,
and careful examination and consideration of 22q11.2 deletion testing is recommended, as the risk to
future children is high if the parents have the deletion.[35]

• Most DiGeorge syndrome cases are sporadic and no risk factors are known.[9]

History & examination factors
Key diagnostic factors
presence of risk factors (common)
• A strong risk factor is a parent with DiGeorge syndrome.

cyanosis (common)
• May be seen in tetralogy of Fallot and truncus arteriosus, 2 characteristic cardiac disorders.

signs of heart failure (common)
• Interrupted aortic arch and ventricular septal defect may present with signs of heart failure, such as

hepatomegaly, oedema, poor feeding, or cardiogenic shock.

heart murmur (common)
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• Many of the cardiac lesions have murmurs associated with them.

characteristic facial features (common)
• Present in most patients.[50] These include a bulbous nose tip and prominent ears.
• Facial features become less prominent as the child gets older.

cleft lip and palate (common)
• May range from velopharyngeal insufficiency to submucous clefts to overt cleft palate.[52]
• Hypernasal speech is common even in those without overt clefts.[53]

growth failure (common)
• Syndrome-specific growth charts have now been developed for 22q11.2 syndrome.[38] [39] Growth

failure is common in comparison with WHO standard growth charts.

seizure or tetany (uncommon)
• Hypocalcaemia is common, although only a subset of patients actually present with seizure.[58]

Other diagnostic factors
presentation in infancy (common)
• Although patients may present at any age, the vast majority are still diagnosed in infancy.[50]

feeding difficulty (common)
• A non-specific finding but highly characteristic of the syndrome, not necessarily due to cleft palate.[51]
• Consistent reductions in olfaction have also been demonstrated in children with 22q11.2 deletion.[37]

speech delay (common)
• Occurs in most patients and is unrelated to the palatal insufficiency.[54]

non-verbal learning disorder (common)
• Mathematical ability is much more affected than language skills.[55]
• The learning disorder is primarily non-verbal, but this may not be appreciated early in life because of

speech delay. Once speech is acquired; however, language ability is relatively preserved.

frequent infections (common)
• Sinopulmonary infection and viral infection incidences are increased [59] Occur regardless of presence

of detectable immunodeficiency. Bacterial infections should be promptly managed with appropriate
antibiotic therapy.

schizophrenia (uncommon)
• Occurs at the same age as typical schizophrenia and is indistinguishable from it.[56]
• Screening of people with schizophrenia who do not have other signs of DiGeorge syndrome is usually

not useful.[57]
• Up to 20% of patients may develop schizophrenia.[56]

features of CHARGE syndrome (uncommon)
• Should be tested genetically.
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• Features include coloboma of the eye, heart defects, atresia of the nasal choanae, retardation of
growth and/or development, genital and/or urinary abnormalities, and ear abnormalities and deafness
(CHARGE syndrome).
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Diagnostic tests
1st test to order

Test Result
serum calcium

• Hypocalcaemia may occur due to hypoparathyroidism.
low

serum intact PTH
• Hypoparathyroidism may be seen due to failure of embryological

development of the parathyroid glands. It is associated with a
higher likelihood of significant immune dysfunction and may also be
associated with the presence of hypothyroidism.

low

T-cell count
• T-cell lymphopenia is seen often, although not uniformly. Although

not a diagnostic test, detection of T-cell lymphopenia supports the
diagnosis of DiGeorge syndrome.

• T- (CD3, CD4, CD8) and B- (CD20) cell subsets are routinely
enumerated by flow cytometry in most clinical laboratories.

• Most patients have some degree of T-cell lymphopenia, usually
not severe enough to cause clinical symptoms.[60]Profound T-cell
dysfunction is rare, but when present requires immune reconstitution
through thymic transplantation or adoptive transfer of mature T cells.

• One study proposes using the thymic to thoracic ratio as a screening
parameter to identify newborns who require evaluation for 22q
deletion.[61]

low

fluorescence in situ hybridisation
• Should be ordered in any patient with 2 or more features of DiGeorge

syndrome, or in all infants with typical cardiac anatomy (i.e.,
interrupted aortic arch or tetralogy of Fallot).

• Because the deletion is a meiotic event, mosaicism is generally not
found.[62]

1 copy of probe per cell
confirms 22q11.2 deletion

immune-specific titres (if previously immunised)
• Patients who have been immunised should have positive titres.

Absence of positive titres to immunisations suggests T-cell-mediated
immunodeficiency.

may be absent

FBC
• Lymphopenia may be present.

abnormal

TSH
• Should be checked initially and at least yearly, as there is a risk of

development of thyroid dysfunction.

may be high

chest x-ray
• DiGeorge syndrome is characterised by failure of development of a

thymus gland.

absent thymus

ECG
• The QT interval may be prolonged if hypocalcaemia is present.

may show prolonged QT
interval

serum immunoglobulins
• In addition to T-cell lymphopenia, may have immunoglobulin

deficiency.

may be low
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Other tests to consider

Test Result
lymphocyte mitogen and antigen proliferation

• Proliferation in response to mitogens and antigens may be used in
equivocal cases to help decide if vaccines may be safely given. If
proliferation is normal, vaccines are likely to be tolerated.[49]

may be low

karyotype
• Generally done at the same time as fluorescence in situ hybridisation

but does not usually detect 22q11.2 deletion.

may detect other genetic
abnormalities

echocardiogram
• Some heart defects are associated with DiGeorge syndrome,

including tetralogy of Fallot and truncus arteriosus defect. Should be
done in any patient with congenital murmurs or cyanosis.

abnormal structural heart
disease

renal ultrasound
• Urinary tract disorders may be seen, which may require consultation

from a specialist.
• Patients frequently have renal anomalies, including obstruction,

dysplasia, and reflux.

renal agenesis or
obstruction

audiometry
• Hearing disorders may be seen, which may contribute to delayed

speech development and learning disability.

abnormal

dental and palatal evaluations
• Evaluation for velopharyngeal insufficiency, cleft palate, or

submucous cleft.
• Nasopharyngeal endoscopy may be required to adequately identify

palatal abnormalities.[48]

may show typical
abnormalities

ophthalmology evaluation
• Coloboma of the eye may be seen in some patients.

may show coloboma of
the eye

Emerging tests

Test Result
microarray copy number analysis

• When positive, a loss of 1 copy is seen at the 22q11.2 locus.
Microarrays are emerging as tools for fine resolution determination of
copy number variations such as are found in DiGeorge syndrome.[63]

• Can detect much smaller deletions than karyotyping and can do so
across the whole genome, unlike fluorescence in situ hybridisation,
which can assess only 1 locus at a time.

positive

mean platelet volume
• Has been reported to be useful in screening congenital heart disease

patients for DiGeorge syndrome, but has only been studied in a
limited number of patients.[64]

<10 femtolitres
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Differential diagnosis

Condition Differentiating signs /
symptoms

Differentiating tests

Non-syndromic anomalies • The variable penetrance
of DiGeorge may produce
features that overlap with
other syndromes.

• Assessment for 22q
deletions distinguishes most
patients with DiGeorge
syndrome from the non-
syndromic variants of the
specific anomalies.

• Routine screening of
otherwise asymptomatic
people with schizophrenia is
generally not helpful.

Isotretinoin exposure • Fetal exposure to
isotretinoins, such as those
used for acne, causes the
syndrome known as retinoic
acid embryopathy, which
can result in similar features
to DiGeorge syndrome.[65]
[66] [67] [68] A history of
isotretinoin exposure is
useful in differentiating this
syndrome. More common
in this syndrome than in
22qDS are microtia or
anotia, micrognathia, and
spontaneous abortion.[65]

• Generally, these patients
are missing the 22q deletion
syndrome.

CHARGE syndrome • Infants with coloboma of
the eye, heart defects,
atresia of the nasal choanae,
retardation of growth and/or
development, genital and/
or urinary abnormalities,
and ear abnormalities
and deafness (CHARGE
syndrome) have features
that may overlap with
DiGeorge syndrome, and
some patients described as
having CHARGE syndrome
have been found to have 22q
deletions.[69] [70] [71] [72]
[73] [74]

• Some patients with
CHARGE syndrome may
have 22q deletions, while
others will have CHD7
mutations.[72] Infants
with CHARGE syndrome
should have a T-cell count to
exclude immunodeficiency.

Diagnostic criteria
European Society for Immunodeficiencies diagnostic criteria[1]
Definitive
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DiGeorge syndrome Diagnosis

Patient with reduced numbers of CD3+ T cells (less than 500/mm3) and two of the three following
characteristics:

• Conotruncal cardiac defect (truncus arteriosus, tetralogy of Fallot, interrupted aortic arch, or aberrant
right subclavian)

• Hypocalcemia of greater than 3 weeks duration that requires therapy
• Deletion of chromosome 22q11.2.

Probable

Patient with reduced numbers of CD3+ T cells (less than 1500/mm³) and a deletion of chromosome 22q11.2.

Possible

Patient with reduced numbers of CD3+ T cells (less than 1500/mm³) and at least one of the following:

• Cardiac defect

• Hypocalcemia of greater than 3 weeks duration that requires therapy

• Dysmorphic facies or palatal abnormalities.
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Recommendations
The treatment approach involves managing complications of the disorder. Because complications occur at
predictable ages in a patient's life, management should be tailored to the age of the patient.[59]

Birth to 4 months
General care and stabilisation

• Parents should be evaluated for signs of DiGeorge syndrome, with further diagnostic testing if there
are signs of the syndrome, such as developmental delay or a history of hypocalcaemia.

• Determining the extent of the disorder is required. This consists of determining lymphocyte
counts, immunoglobulin levels, intact PTH level, and serum calcium level. Chest x-ray helps to
evaluate thymic size and cardiac anatomy. Examination for cleft palate should be performed and
ophthalmological examination arranged. Renal ultrasound should be performed to identify renal
hypoplasia or obstruction. Hearing screening should be performed as well.

• Treatment of infants is characterised by stabilising life-threatening abnormalities and characterising
the extent of disease. Stabilisation usually consists of treatment of hypocalcaemic seizures with
intravenous calcium replacement. Cardiac anomalies must be managed as appropriate, and
echocardiography performed to define the cardiac anatomy and plan surgical repair. Infants with
cardiac disease are managed as other infants with the same cardiac anatomy.

With hypocalcaemia

• Hypocalcaemia is treated with intravenous calcium replacement when symptomatic seizures,
tetany, or rhythm disturbances occur. Otherwise, it may be managed with oral calcium and vitamin
D with or without hydrochlorothiazide.

With cleft palate

• Cleft palate should be managed by adaptive feeding regimens in consultation with nutritionists,
occupational therapists, feeding specialists, and orthodontists. Options include specialised nipples,
prosthetics, and frequent burping. Otitis media and airway obstruction occur commonly with clefts
and should be evaluated. Surgery is an option if other measures are not successful.

• Growth parameters should be carefully monitored, particularly to allow for early detection of feeding
difficulties.

With feeding difficulty

• Some children may have feeding difficulty, not necessarily due to cleft palate. Modified feeding
regimens may be implemented for them, and some may require a percutaneous gastrostomy tube.

With thyroid dysfunction

• Thyroid function should be assessed regularly by TSH screening, with replacement therapy started
accordingly. Most US patients undergo thyroid screening at birth, but continued monitoring (at
least yearly) is necessary because of the possibility of developing autoimmune or acquired thyroid
disease.

Other major congenital anomalies
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DiGeorge syndrome Treatment

• These should be managed as appropriate. A wide variety of possible anomalies have been
described in 22qDS patients, and a healthy respect for the range of possible findings should be
maintained.

Infants and toddlers (4 months to 5 years)
Many in this age range still require further repair of their cardiac defects. Infants with hypocalcaemia
should continue to receive calcium and calcitriol supplementation.

Children in this age group routinely have feeding difficulties that may or may not be associated with cleft
palate. The first-line therapy is a modified feeding procedure to ease feeding, including changing nipples,
using bottle feeding if breastfeeding is inadequate, thickening feeds, or changing formulas. Second-line
therapy may be required and usually involves placing a gastric tube. This should be considered if the child
does not gain weight despite other feeding interventions. Feeding difficulties can easily persist for months
to years, and percutaneous gastrostomy tubes should be considered if oral intake is inadequate.

In older toddlers, delayed acquisition of speech will become a problem. This is not due solely to palate
defects, which may need continued management, but occurs in most children. This should be treated with
speech therapy early and use of bridging sign language. Specific recommendations are available for the
management of speech therapy in DiGeorge syndrome.[81] For those with velopharyngeal insufficiency,
surgical repair may be indicated to improve speech outcomes.[82] Therapy is continued as needed for
hypothyroidism or hypoparathyroidism.

With immunodeficiency

• Patients with demonstrated immune dysfunction should be referred to an immunologist. Those with
mild to moderate immunodeficiency should be monitored for the presence of infection. Those with
significant T-cell deficiency (marked T-cell lymphopenia and absent proliferative responses) should
be given trimethoprim–sulfamethoxazole prophylaxis and intravenous immunoglobulin, prepared for
thymic transplant, or have adoptive transfer of mature T cells arranged.[11] [83] Infants should be
monitored for the development of oligoclonal T-cell populations with frequent flow cytometric T-cell
counts. Infants with significant T-cell immunodeficiency (<600 T cells/mm^3) should receive no live
virus vaccines and should receive only irradiated, filtered (leukodepleted) blood products.[84] [85]
[86] [87] [88] [89] [90]

School age (5 years to 18 years)
By school age, most feeding issues have improved. The primary issues in this age range are learning
disorders and behavioural problems. DiGeorge syndrome children may be shy, withdrawn, or anxious.
Rates of attention-deficit/ hyperactivity disorder, oppositional defiant disorder, and autistic spectrum
disorders are higher than in the general population.[91] The initial approach should involve standard
behavioural modification techniques. Management of these symptoms may require consultation with
developmental paediatricians and psychiatrists.

Although children with 22qDS have speech delay, their language abilities are relatively preserved later in
life when non-verbal learning disorders become predominant. Maths skills may be weak. These aspects
should be approached with an individualised education plan.
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Monitoring and treatment of sinopulmonary infections are important. Therapy is continued as needed for
hypothyroidism or hypoparathyroidism. Patients with congenital heart disease and cleft palate may need
continued follow-up.

Adult
The learning disability and behavioural issues may affect employment of DiGeorge syndrome patients,
although these issues are generally mild enough that independent living and full employment are
possible.

Psychiatric disorders may become more problematic in this age group. Psychiatrists should manage
patients with psychosis or schizophrenia with appropriate antipsychotic therapy. Depression and bipolar
disorder also occur and are managed typically.

Therapy of schizophrenia is generally typical, but there may be more resistance to antipsychotic therapy.
There are few published data on therapeutic recommendations for 22q11.2DS patients, but one case
report has successfully used aripiprazole for treatment of resistant psychosis, while another successfully
used quetiapine. If hypocalcaemia is present it should be corrected, as hypocalcaemia alone may provoke
psychosis.[92]

Increased risk for sinopulmonary infections persists, and infections should be treated aggressively with
appropriate antibiotic therapy. Therapy is continued as needed for hypothyroidism or hypoparathyroidism.
Patients with congenital heart disease may continue to need follow-up into adulthood.

Treatment details overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer
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DiGeorge syndrome Treatment

Ongoing ( summary )
birth to 4 months

1st monitoring and stabilisation

with congenital heart
disease

plus surgical repair after stabilisation

with cleft palate or lip plus supportive specialty care

adjunct surgery

with feeding difficulty plus feeding therapy

with hypocalcaemia plus calcium + calcitriol

adjunct hydrochlorothiazide

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

with hypothyroidism plus levothyroxine

with renal obstruction or
hypoplasia

plus specialist consultation

infants and toddlers

1st continued monitoring

with congenital heart
disease

plus monitoring and possible surgery

with marked
immunodeficiency

plus trimethoprim/sulfamethoxazole +
intravenous immunoglobulin

plus immune reconstitution

with hypocalcaemia plus calcium + calcitriol

adjunct hydrochlorothiazide

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

with sinopulmonary
infections

plus targeted antibiotic therapy

with hypothyroidism plus levothyroxine

with feeding difficulty plus feeding therapy

with delayed speech
acquisition

plus speech therapy and early bridging sign
language +/- surgery

school-aged children

1st continued monitoring

with hypocalcaemia plus calcium + calcitriol

adjunct hydrochlorothiazide
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Ongoing ( summary )
adjunct intravenous calcium for any episode of

tetany, seizure, or prolonged QT interval

with sinopulmonary
infections

plus targeted antibiotic therapy

with hypothyroidism plus levothyroxine

with learning disorders
and behavioural
problems

plus behavioural modification techniques

adults

1st continued monitoring

with hypocalcaemia plus calcium + calcitriol

adjunct hydrochlorothiazide

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

with sinopulmonary
infections

plus targeted antibiotic therapy

with hypothyroidism plus levothyroxine

with psychiatric
disorders

plus psychiatric consultation and management
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Treatment options
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer
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Ongoing
birth to 4 months

birth to 4 months 1st monitoring and stabilisation

» Treatment involves managing complications.
Because complications occur at predictable
ages in a patient's life, management should be
tailored to the age of the child. Newborns should
be assessed for specific conditions common
at this age, and treatment should be targeted
accordingly.

» Evaluation includes assessing parents
and determining the extent of the disorder
(lymphocyte counts, immunoglobulin levels,
intact PTH and serum calcium levels, TSH,
chest x-ray examination for cleft palate,
ophthalmological and hearing tests, renal
ultrasound, and echocardiogram).

» Acute stabilisation issues generally are
treatment for hypocalcaemic seizures or cardiac
anomalies, in addition to ongoing therapies.

with congenital heart
disease

plus surgical repair after stabilisation

Treatment recommended for ALL patients in
selected patient group

» Acute cardiac anomalies must be managed as
appropriate, and echocardiography performed
to define the cardiac anatomy and plan surgical
repair.

» Infants with cardiac disease are managed as
other infants with the same cardiac anatomy.

with cleft palate or lip plus supportive specialty care

Treatment recommended for ALL patients in
selected patient group

» Managed by adaptive feeding regimens in
consultation with nutritionists, occupational
therapists, feeding consultants, and
orthodontists. Options include specialised
nipples, prosthetics, and frequent burping.
Additional options include prosthetic devices that
may improve palatal function without surgical
intervention. Some feeding support may be
required up to the point that the palate defect is
repaired.

adjunct surgery

Treatment recommended for SOME patients in
selected patient group

» Surgical repair is required for frank clefts
and submucous clefts. Patients who have only
palatal insufficiency may not need surgical
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DiGeorge syndrome Treatment

Ongoing
correction, although if speech therapy fails to
adequately improve diction and intelligibility,
there are surgical options to improve this.
Speech outcomes are improved by surgical
intervention to improve oronasal closure.[82]
There are multiple possible procedures
to accomplish this. One report has found
repair with pharyngeal flaps to be superior
to sphincter pharyngoplasty.[93] Another
systematic review found modest evidence that
obstructive pharyngoplasties were superior to
the less obstructive fat injection or palatoplasty.
Obstructive sleep apnoea is a complication
of any of these procedures and should be
monitored for following surgery.[94]

with feeding difficulty plus feeding therapy

Treatment recommended for ALL patients in
selected patient group

» Children in this age group routinely have
feeding difficulties, which may not be associated
with cleft palate. First-line therapy is a modified
feeding procedure to ease feeding, including
changing nipples, using bottle feeding if
breastfeeding is inadequate, thickening feeds,
or changing formulas. Second-line therapy
may be required and usually involves placing
a percutaneous gastrostomy tube. This should
be considered if a child does not gain weight
despite other feeding interventions. Feeding
difficulties may persist for months to years, but
generally have resolved before school age.

with hypocalcaemia plus calcium + calcitriol

Treatment recommended for ALL patients in
selected patient group

Primary options

» calcium gluconate: 200-1000 mg/kg/day
orally given in 4 divided doses
-and-
» calcitriol: 0.25 micrograms orally once daily

» Present in up to 60% of patients. All patients
should be screened with serum calcium
and intact PTH levels. Often becomes less
problematic as the child matures.[50]

» Managed by calcium and vitamin D with
supplementation as necessary. Calcium levels
should be corrected for albumin, or ionised
calcium measurements used.

» Both calcium and calcitriol should be given,
and doses titrated to reach low-normal calcium
levels.
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Ongoing
» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» If long-term correction is required, urine should
be checked to maintain 24-hour urine calcium
<300 mg.

adjunct hydrochlorothiazide

Treatment recommended for SOME patients in
selected patient group

Primary options

» hydrochlorothiazide: 2 mg/kg/day orally
given in 2 divided doses

» Hypercalciuria is the major complication
of treatment for hypocalcaemia. If urinary
calcium is >300 mg in 24 hours, dose of
calcium and vitamin D must be reduced or
hydrochlorothiazide may be added to reduce
urine calcium excretion if required.

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

Treatment recommended for SOME patients in
selected patient group

Primary options

» calcium gluconate: 100-200 mg/kg
intravenously as a single dose, may repeat
every 6 hours

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» Up to 60% of patients have hypocalcaemia,
and hypocalcaemic seizures are common in
neonates.[50] Patients should be screened
with serum calcium and intact PTH levels.
Hypocalcaemia often becomes less problematic
as the child matures.[50]

» Calcium levels should be corrected for
albumin, or ionised calcium measurements used.
Infusion should be adjusted to maintain serum
calcium of about 8.0 mg/dL.

» Intravenous calcium is highly irritating if
extravasation occurs, and infusion that is too
rapid can cause cardiac arrest. A central line
should be used if possible, and bicarbonate and
phosphate are incompatible and must be infused
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Ongoing
in another line. Cardiac monitoring is strongly
recommended when giving intravenous calcium.

with hypothyroidism plus levothyroxine

Treatment recommended for ALL patients in
selected patient group

Primary options

» levothyroxine: 10-15 micrograms/kg/day
orally

» Thyroid function should be assessed regularly
by TSH screening, and replacement therapy
started accordingly. Most US patients undergo
thyroid screening at birth, but continued
monitoring (at least yearly) is necessary because
of the possibility of developing autoimmune or
acquired thyroid disease. Dose is adjusted at 4-
to 6-week intervals according to serum TSH.

with renal obstruction or
hypoplasia

plus specialist consultation

Treatment recommended for ALL patients in
selected patient group

» Ultrasound should be performed to identify
renal hypoplasia or obstruction. Specialty
consultation is needed for management.

infants and toddlers

infants and toddlers 1st continued monitoring

» Treatment involves managing complications.
Because complications occur at predictable ages
in a patient's life, management should be tailored
to the age of the child. Infants and toddlers
should be assessed for specific conditions
common at this age, and treatment should be
targeted accordingly. Those with a history of cleft
lip or palate may require continued management.

with congenital heart
disease

plus monitoring and possible surgery

Treatment recommended for ALL patients in
selected patient group

» Cardiac anomalies must be managed as
appropriate, and echocardiography performed
to define the cardiac anatomy and plan surgical
repair. Neonates may need additional surgery
later as infants or toddlers to complete repairs.

» Children with 22q11.2 deletion are more
likely to experience complications post cardiac
surgery, but do not have greater mortality or
longer hospital stays.[95]

with marked
immunodeficiency

plus trimethoprim/sulfamethoxazole +
intravenous immunoglobulin
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Ongoing
Treatment recommended for ALL patients in
selected patient group

Primary options

» trimethoprim/sulfamethoxazole: children >2
months of age: 150 mg/square metre of body
surface area orally twice daily on three days
each week
Dose refers to trimethoprim component.
-and-
» normal immunoglobulin human: 400 mg/kg
intravenously once monthly

» Patients with demonstrated immune
dysfunction should be referred to an
immunologist. Those with mild to moderate
immunodeficiency should be monitored for
infection. Those with significant T-cell deficiency
should be given trimethoprim/sulfamethoxazole
prophylaxis and intravenous immunoglobulin,
and should undergo thymic transplant or
adoptive transfer of mature T cells. Infants with
significant T-cell immunodeficiency (<600 T cells/
mm^3) should receive no live virus vaccines
and should receive only irradiated, filtered
(leukodepleted) blood products.[84] [85] [86] [87]
[88] [89] [90]

plus immune reconstitution

Treatment recommended for ALL patients in
selected patient group

» For patients with severe immunodeficiency,
transplantation of thymus restores T-cell
numbers and improves survival. Thymus is
harvested from thymectomy at the time of
cardiac surgery and cultured to remove T cells.
The remaining thymic epithelium is transplanted
into the quadriceps muscle of the recipient. As
the immunodeficit in DiGeorge syndrome is
due to lack of an appropriate developmental
environment (T cells are produced normally by
the bone marrow, but have no thymus in which
to develop), replacing the thymus corrects the
defect. However, the procedure is technically
demanding and available in only two centres
worldwide.[96]

» As an alternative method for immune
reconstitution, mature T cells may be transferred
from a matched donor by peripheral blood
mononuclear cell transfusion or unconditioned
bone marrow transplantation. Mature T cells
can proliferate without the need for a thymus,
and reported outcomes have been similar to
those of thymic transplant. Adoptive transfer of
T cells has the advantage of being much easier
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Ongoing
to perform, but repopulating the T-cell pool does
not include as many naive T cells as thymic
transplant.[11]

with hypocalcaemia plus calcium + calcitriol

Treatment recommended for ALL patients in
selected patient group

Primary options

» calcium gluconate: 200-1000 mg/kg/day
orally given in 4 divided doses
-and-
» calcitriol: 0.25 micrograms orally once daily

» Up to 60% of patients have hypocalcaemia.
All patients should be screened with serum
calcium and intact PTH levels. Often becomes
less problematic as the child matures.[50]

» Managed by calcium and vitamin D
supplementation as necessary. Calcium levels
should be corrected for albumin, or ionised
calcium measurements used.

» Both calcium and calcitriol should be given
and doses titrated to reach low-normal calcium
levels.

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» If long-term correction is required, urine should
be checked to maintain 24-hour urine calcium
<300 mg.

adjunct hydrochlorothiazide

Treatment recommended for SOME patients in
selected patient group

Primary options

» hydrochlorothiazide: 2 mg/kg/day orally
given in 2 divided doses

» Hypercalciuria is the major complication
of treatment for hypocalcaemia. If urinary
calcium is >300 mg in 24 hours, dose of
calcium and vitamin D must be reduced or
hydrochlorothiazide may be added to reduce
urine calcium excretion if required.

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

Treatment recommended for SOME patients in
selected patient group
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Ongoing
Primary options

» calcium gluconate: 100-200 mg/kg
intravenously as a single dose, may repeat
every 6 hours

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» Up to 60% of patients have hypocalcaemia,
and hypocalcaemic seizures are more common
in neonates.[50] Patients should be screened
with serum calcium and intact PTH levels.
Often becomes less problematic as the child
matures.[50]

» Calcium levels should be corrected for
albumin, or ionised calcium measurements
used. Infusion should be adjusted to maintain
serum calcium of about 8.0 mg/dL. Intravenous
calcium is highly irritating if extravasation occurs,
and infusion that is too rapid can cause cardiac
arrest. A central line should be used if possible,
and bicarbonate and phosphate are incompatible
and must be infused in another line.

» Cardiac monitoring is strongly recommended
when giving intravenous calcium.

with sinopulmonary
infections

plus targeted antibiotic therapy

Treatment recommended for ALL patients in
selected patient group

» Recurrent infections with pneumonia,
mastoiditis, and evidence of bronchiectasis may
be seen. Antibiotics are adjusted according
to syndrome and culture results. Patients with
hypogammaglobulinaemia are particularly
susceptible to encapsulated organisms,
including  Streptococcus pneumoniae  and 
Haemophilus influenzae  type B, enteroviral
infections, and  Giardia lamblia .[97]

» Therapy for infections is performed according
to typical sinusitis management, but if
hypocalcaemia is present, it should be corrected
to avoid potential complications with macrolide
antibiotics.

with hypothyroidism plus levothyroxine

Treatment recommended for ALL patients in
selected patient group

Primary options
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Ongoing
» levothyroxine: children 0-3 months of
age: 10-15 micrograms/kg orally once daily;
children >3-6 months: 8-10 micrograms/kg
orally once daily; children >6-12 months of
age: 6-8 micrograms/kg orally once daily;
children >1-5 years of age: 5-6 micrograms/
kg orally once daily

» Thyroid function should be assessed regularly
by TSH screening, and replacement therapy
started accordingly. Most US patients undergo
thyroid screening at birth, but continued
monitoring (at least yearly) is necessary because
of the possibility of developing autoimmune or
acquired thyroid disease. Dose is adjusted at 4-
to 6-week intervals according to serum TSH.

with feeding difficulty plus feeding therapy

Treatment recommended for ALL patients in
selected patient group

» Children in this age group routinely have
feeding difficulties that may not be associated
with cleft palate. First-line therapy is a modified
feeding procedure to ease feeding, including
changing nipples, using bottle feeding if
breastfeeding is inadequate, thickening feeds,
or changing formulas. Second-line therapy
may be required and usually involves placing
a percutaneous gastrostomy tube. This should
be considered if a child does not gain weight
despite other feeding interventions.

with delayed speech
acquisition

plus speech therapy and early bridging sign
language +/- surgery

Treatment recommended for ALL patients in
selected patient group

» In older toddlers, delayed acquisition of
speech will become a problem. This is not
due solely to palate defects, but occurs in
most children. Should be treated with speech
therapy early and use of bridging sign language.
Specific recommendations are available for the
management of speech therapy in DiGeorge
syndrome.[81]

» For those with velopharyngeal insufficiency,
surgical repair may be indicated to improve
speech outcomes.[82]

school-aged children

school-aged children 1st continued monitoring

» By school age, most feeding issues have
improved. The primary issues in this age
range are learning disorders and behavioural
problems. Those with a history of cleft lip and
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Ongoing
palate or congenital heart disease may require
continued follow-up.

with hypocalcaemia plus calcium + calcitriol

Treatment recommended for ALL patients in
selected patient group

Primary options

» calcium gluconate: 200-1000 mg/kg/day
orally given in 4 divided doses
-and-
» calcitriol: 0.25 micrograms orally once daily

» Managed by calcium and vitamin D
supplementation as necessary. Calcium levels
should be corrected for albumin, or ionised
calcium measurements used.

» Both calcium and calcitriol should be given
and doses titrated to reach low-normal calcium
levels.

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» If long-term correction is required, urine should
be checked to maintain 24-hour urine calcium
<300 mg.

adjunct hydrochlorothiazide

Treatment recommended for SOME patients in
selected patient group

Primary options

» hydrochlorothiazide: 2 mg/kg/day orally
given in 2 divided doses

» Hypercalciuria is the major complication
of treatment for hypocalcaemia. If urinary
calcium is >300 mg in 24 hours, dose of
calcium and vitamin D must be reduced or
hydrochlorothiazide may be added to reduce
urine calcium excretion if required.

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

Treatment recommended for SOME patients in
selected patient group

Primary options

» calcium gluconate: 100-200 mg/kg
intravenously as a single dose, may repeat
every 6 hours
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DiGeorge syndrome Treatment

Ongoing
» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» Up to 60% of patients have hypocalcaemia,
and hypocalcaemic seizures are more common
in neonates.[50] Patients should be screened
with serum calcium and intact PTH levels.
Often becomes less problematic as the child
matures.[50]

» Calcium levels should be corrected for
albumin, or ionised calcium measurements
used. Infusion should be adjusted to maintain
serum calcium of about 8.0 mg/dL. Intravenous
calcium is highly irritating if extravasation occurs,
and infusion that is too rapid can cause cardiac
arrest. A central line should be used if possible,
and bicarbonate and phosphate are incompatible
and must be infused in another line. Cardiac
monitoring is strongly recommended when giving
intravenous calcium.

with sinopulmonary
infections

plus targeted antibiotic therapy

Treatment recommended for ALL patients in
selected patient group

» Recurrent infections with pneumonia,
mastoiditis, and evidence of bronchiectasis may
be seen. Antibiotics are adjusted according
to syndrome and culture results. Patients with
hypogammaglobulinaemia are particularly
susceptible to encapsulated organisms,
including  Streptococcus pneumoniae  and 
Haemophilus influenzae  type B, enteroviral
infections, and  Giardia lamblia .[97]

» Therapy for infections is performed according
to typical sinusitis management, but if
hypocalcaemia is present, it should be corrected
to avoid potential complications with macrolide
antibiotics.

with hypothyroidism plus levothyroxine

Treatment recommended for ALL patients in
selected patient group

Primary options

» levothyroxine: children 1-5 years of age:
5-6 micrograms/kg orally once daily; children
6-12 years of age: 4-5 micrograms/kg orally
once daily; children >12 years of age: 2-3
micrograms/kg orally once daily; children post
puberty: 1.7 micrograms/kg orally once daily
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» Thyroid function should be assessed regularly
by TSH screening, and replacement therapy
started accordingly. Most US patients undergo
thyroid screening at birth, but continued
monitoring (at least yearly) is necessary because
of the possibility of developing autoimmune or
acquired thyroid disease. Dose is adjusted at 4-
to 6-week intervals according to serum TSH.

with learning disorders
and behavioural
problems

plus behavioural modification techniques

Treatment recommended for ALL patients in
selected patient group

» Children may be shy, withdrawn, or anxious.
Rates of attention-deficit/hyperactivity disorder,
oppositional defiant disorder, and autistic
spectrum disorders are higher than in the
general population.[91] Initial approach should
involve standard behavioural modification
techniques. Managing these symptoms may
require consultation with developmental
paediatricians and psychiatrists.

» Although children with 22q deletion syndrome
have speech delay, their language abilities are
relatively preserved later in life when non-verbal
learning disorders become predominant. Maths
skills may be weak. These aspects should be
approached with an individualised education
plan.

adults

adults 1st continued monitoring

» Learning disability and behavioural issues may
affect employment, although these issues are
generally mild enough that independent living
and full employment are possible.

» Psychiatric disorders may become more
problematic in this age group. Psychiatrists
should manage patients with psychosis or
schizophrenia with appropriate antipsychotic
therapy. Depression and bipolar disorder also
occur and are managed typically.

» Increased risk for sinopulmonary infections
persists, and infections should be treated
aggressively with appropriate antibiotic therapy.

» Those with a history of cleft lip and palate or
congenital heart disease may require continued
follow-up.

with hypocalcaemia plus calcium + calcitriol

Treatment recommended for ALL patients in
selected patient group
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Ongoing
Primary options

» calcium gluconate: 500-2000 mg orally two
to four times daily
-and-
» calcitriol: 0.25 micrograms orally once daily

» Managed by calcium and vitamin D
supplementation as necessary. Calcium levels
should be corrected for albumin, or ionised
calcium measurements used.

» Both calcium and calcitriol should be given
and doses titrated to reach low-normal calcium
levels.

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.

» If long-term correction is required, urine should
be checked to maintain 24-hour urine calcium
<300 mg.

adjunct hydrochlorothiazide

Treatment recommended for SOME patients in
selected patient group

Primary options

» hydrochlorothiazide: 25-200 mg/day orally
given in 2 divided doses

» Hypercalciuria is the major complication
of treatment for hypocalcaemia. If urinary
calcium is >300 mg in 24 hours, dose of
calcium and vitamin D must be reduced or
hydrochlorothiazide may be added to reduce
urine calcium excretion if required.

adjunct intravenous calcium for any episode of
tetany, seizure, or prolonged QT interval

Treatment recommended for SOME patients in
selected patient group

Primary options

» calcium gluconate: 1000-3000 mg
intravenously as a single dose, may repeat
every 6 hours

» Calcium levels may be corrected orally in most
cases, but if there are significant symptoms,
such as tetany, seizure, or prolonged QT
interval, intravenous correction is indicated.
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» Up to 60% of patients have hypocalcaemia.[50]
Patients should be screened with serum calcium
and intact PTH levels.[50]

» Calcium levels should be corrected for
albumin, or ionised calcium measurements
used. Infusion should be adjusted to maintain
serum calcium of about 8.0 mg/dL. Intravenous
calcium is highly irritating if extravasation occurs,
and infusion that is too rapid can cause cardiac
arrest. A central line should be used if possible,
and bicarbonate and phosphate are incompatible
and must be infused in another line. Cardiac
monitoring is strongly recommended when giving
intravenous calcium.

with sinopulmonary
infections

plus targeted antibiotic therapy

Treatment recommended for ALL patients in
selected patient group

» Increased risk for sinopulmonary infections
persists, and infections should be treated
aggressively with appropriate antibiotic therapy.

» Recurrent infections with pneumonia,
mastoiditis, and evidence of bronchiectasis may
be seen. Antibiotics are adjusted according
to syndrome and culture results. Patients with
hypogammaglobulinaemia are particularly
susceptible to encapsulated organisms,
including  Streptococcus pneumoniae  and 
Haemophilus influenzae  type B, enteroviral
infections, and  Giardia lamblia .[97]

» Therapy for infections is performed according
to typical sinusitis management, but if
hypocalcaemia is present, it should be corrected
to avoid potential complications with macrolide
antibiotics.

with hypothyroidism plus levothyroxine

Treatment recommended for ALL patients in
selected patient group

Primary options

» levothyroxine: 1.7 micrograms/kg orally
once daily

» Thyroid function should be assessed regularly
by TSH screening, and replacement therapy
started accordingly. Most US patients undergo
thyroid screening at birth, but continued
monitoring (at least yearly) is necessary because
of the possibility of developing autoimmune or
acquired thyroid disease. Dose is adjusted at 4-
to 6-week intervals according to serum TSH.

with psychiatric disorders plus psychiatric consultation and management
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DiGeorge syndrome Treatment

Ongoing
Treatment recommended for ALL patients in
selected patient group

» Psychiatric disorders may become more
problematic in this age group. Psychiatrists
should manage patients with psychosis or
schizophrenia with appropriate antipsychotic
therapy. Depression and bipolar disorder also
occur and are managed typically.

» Therapy of schizophrenia is generally
typical, but there may be more resistance to
antipsychotic therapy. There are few published
data on therapeutic recommendations for
22q11.2DS patients, but one case report has
successfully used aripiprazole for treatment of
resistant psychosis, while another successfully
used quetiapine. If hypocalcaemia is present it
should be corrected, as hypocalcaemia alone
may provoke psychosis.[92]
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Emerging
Teriparatide
One study has investigated the use of recombinant parathyroid hormone (teriparatide) in children with
syndromic hypoparathyroidism, including two patients with DiGeorge syndrome. The drug was effective in
reducing the requirement for calcium and vitamin D supplementation, but such use is off-label and long-term
safety in children is not known.[98]

Parathyroid transplant
Parathyroids have been transplanted in a few patients with DiGeorge syndrome, primarily in association with
thymic transplants for immunodeficiency. At least 2 patients have produced PTH after transplant, although
not all have maintained PTH production.[99]

40 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Nov 03, 2020.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2020. All rights reserved.



DiGeorge syndrome Follow up

Recommendations
Monitoring
22qDS is best managed in a multispecialty framework. Because different features of the disorder are
important at different life stages, long-term follow-up by a single centre or provider is also beneficial.
The frequency with which a patient will need to be seen will vary depending on the severity of the
manifestations, but at least yearly visits are probably required to identify emerging problems. The specific
testing and intervention required at a given visit also depend on the specific manifestations of the disorder
in a specific patient. Awareness of the common complications will help the provider to anticipate potential
problems and identify them early.

Patient instructions
Patients with significant immunodeficiency (defined as <600 CD3+ cells/mm^3) should avoid unnecessary
exposure to infectious people and should avoid live virus vaccines.[90] However, most patients who have
T-cell counts >600 cells/mm^3 can safely receive these vaccines.[84] [85] [86] [87] [88] [89] [106] Patients
with significant immunodeficiency should also be aware of the need to present early to the physician with
any fever or other signs of illness. Awareness of the potential for specific learning disorders can help
parents to intervene early with requests for individualised education plans for their children. Patients
should also be aware of the recurrence risk in their children. Half of their offspring would be expected to
have the disorder, and the severity may be worse in their children.
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Complications

Complications Timeframe Likelihood
hypoparathyroidism short term high

Up to 60% of patients have hypocalcaemia, and hypocalcaemic seizures are common.[50] All patients
should be screened with serum calcium and intact PTH levels. The hypocalcaemia often becomes less
problematic as the child matures.[50]

congenital heart disease long term high

About 80% of patients have congenital heart disease.[40] Conotruncal anomalies such as interrupted
aortic arch type B and truncus arteriosus are the most characteristic, but tetralogy of Fallot, ventricular
septal defect, and others are also common.[101] [102]

palatal insufficiency and cleft palate long term high

The most common manifestation of palatal disease is velopharyngeal insufficiency, resulting in hypernasal
speech and poor intelligibility.[52] [53] Speech therapy may help, but some patients require surgical
treatment. In general, the response to surgical treatment is not as good for 22qDS patients as for others.
Cleft palate and submucous clefts occur in up to 20% of children and are managed surgically in the usual
fashion.

dental anomalies long term high

Three-quarters of patients have at least some tooth abnormality, mostly hypoplastic dentition of the
mandibular first premolar or enamel opacities.[109] Those with cleft palate may have additional dental
issues related to the cleft palate. Tooth agenesis and supernumerary teeth are not associated with 22qDS.

schizophrenia long term medium

Patients are at risk of schizophrenia, bipolar disorder, and depression.[56] The risk of schizophrenia may
be as high as 20% of the 22qDS population.

hearing loss long term medium

A study of hearing loss in 22qDS demonstrated that high-tone sensorineural or mixed hearing loss was
common. Children with the COMT Met allele were less severely affected, suggesting a protective effect for
this modifier gene.[113]

hypothyroidism long term low

Up to 20% of patients have thyroid disease of some type, as in many other disorders resulting from
chromosomal alterations.[103] Hashimoto's thyroiditis and Graves' disease have also been observed.[104]
More subtle abnormalities of the thyroid are evident in up to 46% of patients.[105]

infections variable high

Incidence of sinopulmonary and viral infections is increased.[59] They occur regardless of the presence of
detectable immunodeficiency. Bacterial infections should be promptly managed with appropriate antibiotic
therapy.

gastro-oesophageal reflux variable high
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Complications Timeframe Likelihood
Significant reflux is common and may contribute to feeding difficulties.[108] Reflux may be diagnosed
by pH probe. Patients are managed in the usual fashion but may require more significant intervention to
control symptoms, including fundoplication.

atopy and allergy variable medium

Allergies are common with 22q11.2 deletions. This may be due to dysregulated T and B cell function as a
result of the low thymic output that may force homeostatic proliferation of T cells. These T cells are more
likely to be of TH2 phenotype and thus favour the development of allergy.[110]

ophthalmological complications variable medium

Up to 70% of patients have posterior embryotoxon and abnormal retinal vessels, although they do not
usually impair vision.[112]

T-cell immunodeficiency variable low

Significant T-cell deficiency is uncommon, although most infants have some T-cell lymphopenia.[60] All
patients should have T-cell enumeration by flow cytometry to identify any need for immune reconstitution.
Trimethoprim/sulfamethoxazole prophylaxis and avoiding live virus vaccines are generally not required
unless there is T-cell dysfunction (T-cell counts <600 cells/mm^3) and/or immune reconstitution is
planned.[84] [85] [86] [87] [88] [89] [106] Although there are no studies in large numbers of patients,
data suggest that those with T-cell counts >600 cells/mm^3 may safely receive live vaccines. Measuring
lymphocyte proliferative responses may also help distinguish those who need immune reconstitution.

autoimmune disease variable low

About 10% of patients develop autoimmune disease. Juvenile rheumatoid arthritis is the most common,
but blood cytopenias, diabetes, and thyroid disease also occur.[107] These complications are not
predictable and are managed in the usual fashion when they occur.

thrombocytopenia variable low

Platelet counts are lower on average than in healthy controls, but this finding does not seem to have
clinical significance, and the platelet counts are not in a clinically significant deficit.[111] No special
precautions are required to manage thrombocytopenia.

Prognosis

The disorder is highly variable, and outcome is determined by the severity of complications. The disorder
may be fatal if cardiac disease cannot be adequately treated or other severe anomalies are present.
Alternatively, the patient may have only mild learning disabilities and go without a diagnosis. The outcome
of the patient may generally be predicted by the usual natural history of each complication. Intelligence and
schizophrenia predict functional outcomes as an adult, but mood or congenital heart disease do not.[100]
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Diagnostic guidelines

Europe

Thyroid function disorders (http://www.njmonline.nl/issue.php?i=100)
Published by: Netherlands Association of Internal Medicine Last published: 2008

UK guidelines for the use of thyroid function tests (http://www.british-thyroid-
association.org/current-bta-guidelines-)
Published by: British Thyroid Association Last published: 2006

International

ESID registry - working definitions for clinical diagnosis of PID (https://
esid.org/Working-Parties/Registry-Working-Party/Diagnosis-criteria)
Published by: European Society for Immunodefiencies Last published: 2019

Treatment guidelines

Europe

Thyroid function disorders (http://www.njmonline.nl/issue.php?i=100)
Published by: Netherlands Association of Internal Medicine Last published: 2008

International

Practical guidelines for managing adults with 22q11.2 deletion syndrome
(http://www.nature.com/gim/journal/vaop/ncurrent/full/gim2014175a.html)
Published by: International panel of multidisciplinary experts Last published: 2015

North America

22q11.2 deletion syndrome (http://www.ncbi.nlm.nih.gov/books/NBK1523/)
Published by: Children's Hospital of Philadelphia Last published: 2013

Consensus guidelines on the management of community-acquired
pneumonia in adults (https://www.thoracic.org/statements/tuberculosis-
pneumonia.php)
Published by: Infectious Diseases Society of America; American
Thoracic Society

Last published: 2007
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Images

Figure 1: Loss of 1 copy of 22q11.2, demonstrated by microarray copy number analysis

From the collections of Sean A. McGhee, MD and Maria Garcia Lloret, MD
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Disclaimer
BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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