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Abstract

Background and objectives—22q11.2 Deletion Syndrome (22q11.2DS) is an important
genetic syndrome to cardiologists yet remains under-recognized in adults. There is no evidence-
based guideline for genetic testing referrals. Feasibility issues in many jurisdictions preclude
testing for 22g11.2 deletions in every congenital cardiac patient. We aimed to determine an
optimal combination of extracardiac features that could be clinically helpful in identifying adults
with tetralogy of Fallot (TOF) and related conotruncal anomalies at highest risk for 22q11.2DS.

Methods—Adults (7=103) at a congenital cardiac clinic (86 with TOF) had a brief clinical
screening assessment and genetic testing for 22q11.2 deletions using standard fluorescence in-situ
hybridization; 31 had a 22q11.2 deletion. Discriminant ability (DA), defined as (sensitivity
+specificity)/2, was used to measure performance of 18 (17 clinical and one demographic) features
in predicting 22q11.2DS (DA>80%=a good screening test).

Results—Combining two features was required for a good test: a global impression of
22011.2DS dysmorphic facies, with either learning difficulties (DA=82.4%) or voice abnormalities
such as hypernasality (DA=81.6%). A four-feature combination (suggestive dysmorphic facies,
voice abnormalities, learning difficulties and age <30 years) yielded maximal sensitivity (100%)
and DA>85% at a cut-off of three features. Neither rates of right aortic arch or cardiac surgery
differed between patients with and without 22g11.2 deletions.

Conclusions—Clinicians who consider as few as two extracardiac features readily detectable in
a brief clinical encounter could help identify those with 22g11.2DS among adults with congenital
heart disease. Diagnosis of 22q11.2DS is important for optimizing management of these complex
patients.

"Corresponding author. Centre for Addiction and Mental Health, 1001 Queen Street West, Toronto, Ontario, Canada M6J 1H4. Tel.: +1
416 535 8501x2731; fax: +1 416 535 7199. anne.bassett@utoronto.ca (A.S. Bassett).
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1. Introduction

22011.2 Deletion Syndrome (22911.2DS) (OMIM #188400/#192430) is one of the most
important genetic syndromes in cardiology due to its high prevalence in conotruncal and
other cardiac anomalies — especially those of the cardiac outflow tract [1,2]. The phenotype
encompasses several clinical genetic syndromes, including velocardiofacial syndrome,
DiGeorge syndrome, and conotruncal anomaly face syndrome [3,4]. Paediatric estimates
indicate that about 15% of patients with tetralogy of Fallot (TOF) have 22q11.2 deletions
[5]. At the same time, TOF has consistently been reported as the most commonly associated
cardiac anomaly among patients with 22q11.2DS [4,6-8]. 22g11.2DS is also found in 20—
50% of patients with pulmonary atresia/ventricular septal defect [9,10]. It may also be found
in patients with truncus arteriosus, transposition of the great vessels, ventricular septal defect
alone, and many other defects [8,11-13]. Ancillary cardiovascular features, e.g., right aortic
arch, are common [1,8,12,14]. Common extracardiac features include dysmorphic facial
features, hypernasal speech, learning and behavioural difficulties, as well as other congenital
anomalies. The importance of later onset manifestations such as schizophrenia and
endocrine disorders, and management implications for adults are increasingly recognized
[15].

Timely diagnosis of 22q11.2DS is important for optimizing clinical care and for genetic
counseling [3,15,16]. Some centres therefore screen all newborns with conotruncal
anomalies using the gold standard clinical test: fluorescence in-situ hybridization (FISH)
using a probe from the commonly deleted region [3]. While some may argue that this testing
should ideally be conducted for every congenital cardiac clinic patient, this is infeasible in
many jurisdictions, given practical and economic constraints.

Thanks to advances in paediatric cardiology and cardiac surgery, 90% of infants with TOF
live past 30 years of age [17-19]. A recent North American study showed that there are
nearly equal numbers of adults and children with severe congenital heart diseases [20].
However, testing for the 22q11.2 deletion has only been available in clinical laboratories
since 1993-94. As such, even at centres performing newborn screening, millions of
adolescent and adult patients with congenital heart disease [19] would not have had this
testing. Also, the syndrome is known to be under-recognized, especially in adults [15,21,22].
We believe therefore that it is important to have a clinical protocol to help diagnose adults
with a 22g11.2 deletion.

There are no consensus criteria guiding referrals for genetic testing for 22q11.2DS. The
challenge at most centres is to identify patients with sufficiently high a priori probability of
22011.2DS who warrant clinical genetic testing [12,22,23]. Optimal information for
deciding whether to test for a 22q11.2 deletion in adults would include a comprehensive
lifetime medical history and detailed physical examination for associated dysmorphic
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features [24] — not feasible in a brief clinical encounter. A simple set of clinical criteria
with high predictability of 22q11.2DS would be valuable to guide referral for genetic testing
[25]. To identify adults at elevated risk for 22q11.2DS, our group has proposed clinical
screening criteria [21], however their performance (e.g. specificity, sensitivity) has not been
assessed.

While ancillary cardiovascular features are common in 22q11.2DS, they are also frequent in
TOF and other congenital heart diseases [16] and therefore may not help in identifying high-
risk individuals. Some ancillary anomalies have been reported to be more prevalent among
children with TOF and 22q11.2DS but the predictive power of such anomalies in detecting
22011.2DS among TOF patients has not been determined [26,27]. Given the absence of
evidence-based guidelines for genetic testing referral, clinicians often select patients for
genetic testing of 22q11.2 deletion based on features that are currently known to suggest
high a priori probability of 22q11.2DS. However, the performance of such practices has not
been objectively evaluated. The current study was designed to address this question by
mimicking a real-world clinical practice setting in an adult congenital cardiac clinic —
where patients were selected for genetic testing based on various features that have been
suggested to be associated with 22g11.2DS. This is the first study of its kind. The study
aimed to determine the performance of various clinical criteria in predicting 22q11.2
deletions. Our goal was to delineate a simple combination of extracardiac features that can
be feasibly assessed in a brief clinical encounter with adult congenital cardiac clinic patients
and which would be helpful for guiding referrals for 22q11.2 deletion genetic testing.

2. Materials and methods

2.1. Study sample

The study sample comprised 103 patients assessed at the University of Toronto Congenital
Cardiac Centre for Adults from November 1998 to March 2005 who were clinically tested
by karyotyping and FISH using a standard probe (TUPLE1 or N25) for 22g11.2 deletions.
Ethics approval for the study was obtained from the University of Toronto and affiliated
teaching hospitals. The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki. After obtaining written informed consent from each patient, trained
research staff (research assistants, genetic counsellors, research fellows) carried out a brief
screening assessment including demographics, selected medical history (e.g. thyroid and
calcium abnormalities, birth defects, hearing problems), cognitive/developmental (e.g.
learning difficulties, speech problems), behavioural and psychiatric history, and a limited
physical examination. Dysmorphic facial features were rated both globally (some or no
22011.2DS features) and on five areas: dysmorphisms in eyes (e.g. narrow palpebral
fissures), ears (e.g. low set ears), nose (e.g. bulbous tip), mouth (e.g. retruded chin) and face
(e.g. long, narrow face). Hand dysmorphisms (e.g. slender, tapered fingers) were separately
assessed. In addition, patients were also observed for voice abnormalities (especially
hypernasal speech) and behavioural abnormalities during the assessment. All patients were
offered genetic counselling, and patients found to have 22q11.2 deletions have been
followed by a clinical service for adults with 22q11.2DS [15].
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The 103 study patients came from a source population of 509 patients (377 with TOF;
74.1%) who underwent clinical screening. The patients were sent for genetic testing by
clinic cardiologists (GDW, MAG and others) and/or the research team for clinical features
(m7=100) or planned pregnancy (/7=3). Eighty-six of the subjects (83.5%) had TOF, three had
pulmonary atresia/ventricular septal defect, eight had ventricular septal defect alone, five
had transposition of the great vessels (including one with double outlet right ventricle), and
one had pulmonary atresia, atrial septal defect, patent ductus arteriosus and hypoplastic right
ventricle (with intact ventricular septum).

2.2. Statistical analysis

Analyses were performed using STATA version 7.0. We first compared the prevalence of
demographic variables (age and sex), and each of the 17 clinical screening features (three
based on general observation, six based on more detailed observation, eight based on
history), and the average number of clinical features per subject, between subjects with and
without 22g11.2 deletions using chi-square and two-sample Wilcoxon rank-sum (Mann—
Whitney) tests. We then calculated the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for each of the features.

To provide a single ‘performance index’ for each feature as a predictor of 22q11.2 deletions,
we used ‘discriminant ability’ (DA), defined as (sensitivity+specificity)/2 [28]. DA
corresponds directly to the Area under the Receiver Operating Characteristics Curve, an
index of performance for tests involving continuous predictor variables (e.g., DA 80%
corresponds to an area of 0.8) [28]. An index that can perfectly distinguish between two
groups has DA 100%; one in which groups overlap completely has DA 50% [29].

To achieve DA>80%, generally considered as the cut-off for a ‘good’ predictive test [29], we
needed to combine individual clinical features. To select candidate variables for the
combination that would yield a high DA and still be feasible in a brief clinical encounter, the
17 history and physical variables, together with ‘age <30 years’ and sex, were put into a
multiple regression model as independent variables, with 22q11.2 deletion status as the
dependent variable. The continuous variable ‘age of subjects at screening’ was transformed
into multiple dichotomous variables, with DA calculated for each of these variables. ‘Age
<30 years’ yielded the highest DA and was therefore selected for use in the multiple
regression. Beginning with the full model (all variables), variables were eliminated using
backward stepwise selection — where variables with P-value of >0.2 were removed from the
model at each step. Eliminated variables were considered for re-entry to the model at each
step if they had a AP-value <0.1. Five variables were identified. As a confirmatory measure,
variables were selected for the multiple regression modelling using forward stepwise
selection — with all candidate variables. Beginning with an empty model, variables with ~
value <0.1 were included in the model. At each step, variables already included in the model
would be eliminated if P-values were >0.2. Four variables were identified, all of which were
in the model developed through backward stepwise selection. All possible combinations of
the five variables identified in the final model through backward stepwise selection, ranging
from two to all five variables at a time, were studied in detail. For each of these 26
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combinations, the sensitivity, specificity and DA values for the different possible cut-off
points were calculated, and the cut-off point giving the highest DA value was determined.

3. Results

Of the 103 study subjects, 49 (47.6%) were male. Mean age of the sample was 28.4 years
(SD=9.7; range: 17-62 years), with no significant difference between males (29.0; SD=10.0
years) and females (27.8; SD=9.5 years; =0.62, d=101, P=0.54). Thirty-one patients
(30.1%) (12 males, 19 females) had a clinically detectable 22q11.2 deletion: 25 (29.1%)
with TOF, and 6 (54.5%) with ventricular septal defect. There were no significant
differences in the proportion of males (;(2 =1.40, df=1, P=0.24) or subjects with TOF (;(2
=0.26, df=1, P=0.61) between those with and without a deletion. However, patients with a
22g11.2 deletion had a significantly younger mean age (23.1, SD=5.0 years) than those with
no deletion (30.6, SD=10.4 years; £=3.84, df=101, £=0.0002). The proportion of patients
with right aortic arch was not significantly different between those with (11/31) and without
(23/72) a deletion (y? =0.12, af=1, P=0.73). All patients with no deletion and 29 of those
with a 22g11.2 deletion had had palliative and/or corrective cardiac surgery (Fisher’s exact
test, £=0.09). Three subjects without deletions had karyotypic abnormalities: a 22 year old
woman with a known chromosome 18 hemizygous deletion (46, XX, del 18922), a 25 year
old man recently diagnosed with Klinefelter syndrome (47, XXY), and a 31 year old woman
with psychosis who was found to have Triple X syndrome (47, XXX).

The number and proportion of subjects possessing the 17 clinical screening features and age
variable are shown in Table 1. The prevalence of features ranged from 11.0% (history of
hypocalcaemia) to 70.0% (history of learning difficulties). Eleven of these features were
significantly more common in adults with 22q11.2DS than those without a clinically
detectable 22911.2 deletion, although two of these (mouth and ear dysmorphisms) would
overlap with global dysmorphic facial pattern. Also, the significant difference in hand
dysmorphism would not survive Bonferroni correction for multiple testing. Examining 83
subjects with complete data on 12 features (i.e., excluding detailed dysmorphic features)
showed that subjects with 22q11.2 deletions (/7=23) had significantly more features than
those with no deletion (median: 7 vs. 4; range: 4-10 vs. 0-10; z=4.87, £<0.0001). Results
were similar analyzing data from all 103 subjects.

3.1. Predicting 22q11.2 deletions

Table 2 lists the performance characteristics for each clinical feature; DA values ranged from
50.6% to 76.1%. Global dysmorphic facial pattern characteristic of 22q11.2DS yielded the
highest sensitivity (100%), NPV (100%) and DA (76.1%), but modest specificity (52.2%)
and PPV (47.6%). In contrast, history of hypocalcaemia yielded the highest specificity
(95.7%) and PPV (72.7%), but showed poor sensitivity (25.8%) and modest DA (60.7%) and
NPV (74.1%). No single item yielded a DA higher than 80%.

Using backwards stepwise selection in multiple regression, five variables remained in the
final model: age <30 years, global dysmorphic facies, voice abnormalities, hypocalcaemia
and history of learning difficulties. To achieve DA>80%, these five clinical features were
combined. Table 3 shows the performance characteristics of the combinations yielding the
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highest DAs at each combination of 2, 3, 4 or 5 clinical features at a time, with the
corresponding optimal cut-off number of features. The 4-item combination of global
dysmorphic facies, history of learning difficulties, history of hypocalcaemia, and age <30
years, yielded the highest DA value, 85.6% (95%CI: 78.3%-92.2%) at a cut-off of 3 items.
Substituting voice abnormalities in place of hypocalcaemia yielded a comparable DA
(85.4%) at a cut-off of 3 out of 4 items, with a higher sensitivity (100%) and lower
specificity (70.8%). For all analyses presented, similar results were obtained for the
subgroup of 86 subjects with TOF (data not shown).

As global dysmorphic facial patterns characteristic of 22g11.2DS might not be readily
recognized by clinicians who have had limited exposure to patients with 22q11.2DS, we
calculated the performance characteristics with this item excluded. Combining the remaining
four features (history of learning difficulties, history of hypocalcaemia, voice abnormalities,
age <30 years) yielded a DA value of 82.8% (95% ClI: 74.1%-91.4%) at a cut-off of 3 items,
with corresponding sensitivity 76.7%, specificity 88.9%, PPV 76.7%, and NPV 88.9%.

4. Discussion

The results showed that just two extracardiac features, such as global dysmorphic facies and
history of learning difficulties, were sufficient to act as a good (DA>80%) predictor of
22011.2DS in adults with TOF and other congenital heart disease referred for genetic
testing. The combination of any three of global dysmorphic facies, voice abnormalities,
history of learning difficulties, and age <30 years may represent optimal (sensitivity 100%,
DA>85%) screening criteria for 22g11.2DS in similar clinical settings. To some extent these
differ from the extracardiac congenital anomalies (e.g. athymus) commonly associated with
detecting 22911.2DS in infants [12,15,30]. Although subjects with 22q11.2 deletions had
more features on average, the pattern of features is usually more important in syndrome
recognition [31,32]. The results would likely apply to patients with conotruncal anomalies
and other congenital heart disease where index of suspicion for 22q11.2DS is elevated [12].
The findings are also likely to be generalizable to adolescents, where features such as
hypernasality and history of learning difficulties are discernible. Even in adults, making a
diagnosis of 22g11.2DS is important to patients, their families, and their clinicians. The
genetic diagnosis provides an explanation for their multi-system condition, anticipatory care
that can improve prognosis and genetic counselling specific to this autosomal dominant
syndrome that usually arises as a spontaneous mutation but is transmitted at a rate of 50%
[3,15,30].

The single best predictor of 22q11.2DS was ‘global dysmorphic facial pattern’ including “at
least some features of 22q11.2DS’ (DA 76.1%, regarded as a fair test). Notably, this feature
figured in all predictive combinations and had 100% sensitivity and 100% NPV. The fact
that most raters had limited experience with 22q11.2DS suggests that the ability to recognize
a facial gestalt of 220911.2DS can be readily acquired. Other studies indicate that in-person
clinical encounters are likely to be more useful in identifying patients than photographs
[22,25], and our experience supports this. Optimal training of clinicians would therefore
include meeting adults with 22g11.2DS in addition to reviewing pictures of patients [22,31].
Fig. 1 shows photographs of adults with 22q11.2DS.

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Fung et al.

Page 7

Individual facial features yielded lower DA values, suggesting that they would be less
helpful in predicting the presence of 22q11.2DS than a general impression of ‘22q11.2DS’
facies. Despite a 23-fold greater prevalence of schizophrenia in 22q11.2DS than in the
general population [15], psychiatric history did not help to identify patients with a 22q11.2
deletion. This may be due to the high prevalence of depression and anxiety in the general
population and difficulty assessing psychiatric history in a brief encounter. Consistent with
previous reports [8,12,14,33], rates of right aortic arch and history of cardiac surgery were
similar in patients with and without 22q11.2 deletions.

Although good predictive values for 22gq11.2 deletions could be achieved without an age
criterion, age <30 years was a predictive feature in our analyses. This may be because other
features are easier to distinguish in younger adults. Also, older patients with 22q11.2DS may
attend clinic less or have reduced longevity [34]. These possibilities would be consistent
with the lower (3.8%) prevalence of 22q11.2DS reported in one study of 77 TOF patients
with mean age 40 years [22], compared to paediatric TOF samples (8—-23%) [12,14,35,36].
Age effects on likelihood of diagnosis of 22g11.2DS in adults could change as more patients
benefiting from improved surgical techniques get older [16,20], may vary across centres and
would vary with paediatric detection rates of 22q11.2DS.

In addition to detecting 22¢11.2 deletions, genetic testing also identified one patient with a
previously undetected abnormality Triple X syndrome (47, XXX). This demonstrates the
value of karyotyping as part of standard clinical testing protocols for 22q11.2 deletions and
provides further support for the value of an increased index of suspicion for syndromic
features.

We emphasize that the purpose of our study was to document the performance of various
clinical criteria — and their combinations — in predicting 22q11.2DS among patients
selected for genetic testing based on an elevated a priori probability of 22q11.2DS. This
mimics the real-world clinical settings of many cardiologists where selected, but not all,
congenital cardiac patients may be referred for genetic testing for 22q11.2 deletions. Our
study was not designed to determine the prevalence of 22q11.2DS. Our cardiologists and
screeners chose patients for testing based on clinical features consistent with a genetic
syndrome; most had several features. Patients selected in this manner would be expected to
have a higher a priori probability of 22g11.2DS than those not selected for testing. Thus we
found 30.1% of 103 patients selected for testing had clinically detectable 22¢q11.2 deletions.
The true rate of 22q11.2 deletions in the overall population of adults at our clinic remains
unknown, pending molecular screening on a research basis. However, if we consider the 377
patients with TOF screened, we have already detected 22¢11.2 deletions in 6.6% (7=25),
nearly twice the rate of a study testing all TOF adults presenting to a U.S. clinic [22].
Applying the predictive features identified in this study to the 406 patients with clinical
screening data but no FISH testing, we can predict that three of these patients may have a
22q11.2 deletion. However, this would not significantly change the proportion with
22g11.2DS in the overall population screened, even if they were all in the TOF group
(28/377; 7.4%).
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Our study has several limitations. More detailed information on history or physical
examination could have increased the ability to differentiate individuals with 22q11.2DS.
However, our screening instrument was designed to assess features in a brief encounter.
Also, our results suggest that detailed features were less helpful in predicting the presence of
22011.2DS than the presence of several features or global facial features, likely because
most are individually prevalent in non-deleted patients (Table 1). The extracardiac features
assessed are common in most syndromes and individually are not specific to 22q11.2DS, as
illustrated by karyotypic detection of a previously undiagnosed sex chromosome anomaly. It
is possible that a minority of patients with no genetic anomaly detected may have atypical
22¢11.2 deletions not detectable using clinical FISH probes [37], or other anomalies that in
the future could be revealed with new higher resolution techniques [38].

5. Conclusions

At the present time, due to feasibility and economic constraints, patients in many congenital
cardiac clinics worldwide are not universally screened for 22q11.2DS using molecular
cytogenetic testing. In such clinical settings, cardiologists often select patients for 22q11.2
deletion genetic testing based on features that have been suggested in the literature to be
associated with 22q11.2DS. This study is the first to document the performance of various
clinical criteria — and their combinations — in predicting 22q11.2DS among patients who
have been selected by clinicians for genetic testing based on higher a priori probability of
22011.2DS than those not selected for testing. The results can help guide cardiologists in
such practice settings to decide which clinical criteria to use in selecting adults with
congenital heart disease for genetic testing referrals. We have demonstrated that the presence
of 22q11.2DS in adults with TOF and related conotruncal anomalies could be well predicted
by the presence of readily detectable features: 1) global dysmorphic facies; 2) voice
abnormalities such as hypernasality; 3) history of learning difficulties; 4) relative youth.
Cardiologists and other clinicians caring for similar patient populations should gain
experience with recognizing 22q11.2DS and incorporate a routine check for relevant
features in their clinical practice. Identifying 22q11.2DS can lead to significant changes in
follow-up and genetic counselling that are helpful to the patient, their family, and their
clinicians [15,18].

Acknowledgments

The authors thank the patients and their families for their participation, colleagues for referring patients, Gladys
Wong for assistance with the preparation of the manuscript, and Dr. Nighat Parveen, Dr. Oana Caluseriu, Heather
Dorman, Linda Chiu, Sheri O’Neill, Jillian Murphy, and Laura Scutt, who assisted in the collection of data for the
study. This research was supported by grants from the W. Garfield Weston Foundation, Ontario Mental Health
Foundation, Medical Research Council of Canada (MOP-38099), and by a Distinguished Investigator Award from
the National Alliance for Research on Schizophrenia and Depression (ASB) and Canada Research Chair in
Schizophrenia Genetics (ASB).

References

1. Momma K. Cardiovascular anomalies associated with chromosome 22¢11.2 deletion. Int J Cardiol.
2007; 114:147-9. [PubMed: 16730817]

2. Marino, B., Mileto, F., Digilio, MC., Carotti, A., Di Donato, R. Congenital cardiovascular disease
and velo-cardio-facial syndrome. In: Murphy, K., Scambler, P., editors. Velo-cardial-facial

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Fung et al.

12.

13.

15.

16.

Page 9

syndrome: a model for understanding microdeletion disorders. Cambridge: Cambridge University
Press; 2005.

. Driscoll DA, Salvin J, Sellinger B, et al. Prevalence of 2211 microdeletions in DiGeorge and

velocardiofacial syndromes: implications for genetic counselling and prenatal diagnosis. J Med
Genet. 1993; 30:813-7. [PubMed: 8230155]

. Matsuoka R, Kimura M, Scambler PJ, et al. Molecular and clinical study of 183 patients with

conotruncal anomaly face syndrome. Hum Genet. 1998; 103:70-80. [PubMed: 9737780]

. Shinebourne EA, Babu-Narayan SV, Carvalho JS. Tetralogy of Fallot: from fetus to adult. Heart.

2006; 92:1353-9. [PubMed: 16908723]

. Park 1S, Ko JK, Kim YH, et al. Cardiovascular anomalies in patients with chromosome 22q11.2

deletion: a Korean multicenter study. Int J Cardiol. 2007; 114:230-5. [PubMed: 16824627]

. Ryan AK, Goodship JA, Wilson DI, et al. Spectrum of clinical features associated with interstitial

chromosome 22qg11 deletions: a European collaborative study. J Med Genet. 1997; 34:798-804.
[PubMed: 9350810]

. Marino B, Digilio MC, Toscano A, et al. Anatomic patterns of conotruncal defects associated with

deletion 22q11. Genet Med. 2001; 3:45-8. [PubMed: 11339377]

. Digilio MC, Marino B, Graziolo S, Agostino D, Giannotti A, Dallapiccola B. Comparison of

occurrence of genetic syndromes in ventricular septal defect with pulmonic stenosis (classic
tetralogy of Fallot) versus ventricular septal defect with pulmonic atresia. Am J Cardiol. 1996;
77:1375-6. [PubMed: 8677886]

10. Anaclerio S, Marino B, Carotti A, et al. Pulmonary atresia with ventricular septal defect:

prevalence of deletion 22q11 in the different anatomic patterns. Ital Heart J. 2001; 2:384-7.
[PubMed: 11392644]
. Momma K, Kondo C, Matsuoka R. Tetralogy of Fallot with pulmonary atresia associated with
chromosome 22q11 deletion. J Am Coll Cardiol. 1996; 27:198-202. [PubMed: 8522695]
Goldmuntz E, Clark BJ, Mitchell LE, et al. Frequency of 22g11 deletions in patients with
conotruncal defects. J Am Coll Cardiol. 1998; 32:492-8. [PubMed: 9708481]
Postema PG, Rammeloo LA, van Litsenburg R, Rothuis EG, Hruda J. Left superior vena cava in
pediatric cardiology associated with extra-cardiac anomalies. Int J Cardiol. 2008; 123:302-6.
[PubMed: 17391785]

14. Maeda J, Yamagishi H, Matsuoka R, et al. Frequent association of 22q11.2 deletion with tetralogy

of Fallot. Am J Med Genet. 2000; 92:269-72. [PubMed: 10842294]

Bassett AS, Chow EWC, Husted J, et al. Clinical features of 78 adults with 22q11 Deletion
Syndrome. Am J Med Genet A. 2005; 138:307-13. [PubMed: 16208694]

Gatzoulis, MA., Webb, GD., Daubeney, PEF. Diagnosis and management of adult congenital heart
disease. London: Elsevier Limited; 2003.

17. Murphy JG, Gersh BJ, Mair DD, et al. Long-term outcome in patients undergoing surgical repair of

tetralogy of Fallot. N Engl J Med. 1993; 329:593-9. [PubMed: 7688102]

18. Webb GD. Challenges in the care of adult patients with congenital heart defects. Heart. 2003;

89:465-9. [PubMed: 12639885]

19. Moons P, Engelfriet P, Kaemmerer H, Meijboom FJ, Oechslin E, Mulder BJ. Delivery of care for

adult patients with congenital heart disease in Europe: results from the Euro Heart Survey. Eur
Heart J. 2006; 27:1324-30. [PubMed: 16641110]

20. Marelli AJ, Mackie AS, lonescu-Ittu R, Rahme E, Pilote L. Congenital heart disease in the general

population. Changing prevalence and age distribution. Circulation. 2007; 115:163-72. [PubMed:
17210844]

21. Bassett AS, Chow EWC. 22911 Deletion Syndrome: a genetic subtype of schizophrenia. Biol

Psychiatry. 1999; 46:882-91. [PubMed: 10509171]

22. Beauchesne LM, Warnes CA, Connolly HM, et al. Prevalence and clinical manifestations of

22¢11.2 microdeletion in adults with selected conotruncal anomalies. J Am Coll Cardiol. 2005;
45:595-8. [PubMed: 15708709]

23. Digilio MC, Marino B, Giannotti A, Mingarelli R, Dallapiccola B. Guidelines for 22q11 deletion

screening of patients with conotruncal defects. J Am Coll Cardiol. 1999; 33:1746-7. [PubMed:
10334453]

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Fung et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10

Hodgkinson K, Murphy J, O’Neill S, Brzustowicz L, Bassett AS. Genetic counselling for
schizophrenia in the era of molecular genetics. Can J Psychiatry. 2001; 46:123-30. [PubMed:
11280080]

Becker DB, Pilgram T, Marty-Grames L, Govier DP, Marsh JL, Kane AA. Accuracy in
identification of patients with 22q11.2 deletion by likely care providers using facial photographs.
Plast Reconstr Surg. 2004; 114:1367-72. [PubMed: 15509921]

Momma K, Kondo C, Ando M, Matsuoka R, Takao A. Tetralogy of Fallot associated with
chromosome 22q11 deletion. Am J Cardiol. 1995; 76:618-21. [PubMed: 7677092]

Rauch R, Rauch A, Koch A, et al. Cervical origin of the subclavian artery as a specific marker for
Monosomy 22g11. Am J Cardiol. 2002; 89:481-4. [PubMed: 11835939]

Riegelman, RK. Studying a study and testing a test: how to read the medical evidence. 5.
Philadelphia: Lippincott Wilkins and Williams; 2005.

Sponheim SR, lacono WG, Thuras PD, Nugent SM, Beiser M. Sensitivity and specificity of select
biological indices in characterizing psychotic patients and their relatives. Schizophr Res. 2003;
63:27-38. [PubMed: 12892855]

Greenhalgh KL, Aligiania IA, Bromilow G, et al. 22q11 deletion: a multisystem disorder requiring
multidisciplinary input. Arch Dis Child. 2003; 88:523-4. [PubMed: 12765922]

Bassett AS, Hodgkinson K, Chow EWC, Correia S, Scutt LE, Weksberg R. 22q11 Deletion
Syndrome in adults with schizophrenia. Am J Med Genet B (Neuropsychiatr Genet). 1998;
81:328-37.

Scutt L, Chow EWC, Weksberg R, Honer WG, Bassett AS. Patterns of dysmorphic features in
schizophrenia. Am J Med Genet. 2001; 105:713-23. [PubMed: 11803519]

Vesel S, Rollings S, Jones A, Callaghan N, Simpson JC, Sharland GK. Prenatally diagnosed
pulmonary atresia with ventricular septal defect: echocardiography, genetics, assoicated anomalies
and outcome. Heart. 2006; 92:1501-5. [PubMed: 16547205]

Mahle WT, Crisalli J, Coleman K, et al. Deletion of chromosome 22qg11.2 and outcome in patients
with pulmonary atresia and ventricular septal defect. Ann Thorac Surg. 2003; 76:567-71.
[PubMed: 12902105]

Amati F, Mari A, Digilio MC, et al. 22q11 deletions in isolated and syndromic patients with
tetralogy of Fallot. Hum Genet. 1995; 95:479-82. [PubMed: 7759065]

Trainer AH, Morrison N, Dunlop A, Wilson N, Tolmie J. Chromosome 22g11 microdeletions in
tetralogy of Fallot. Arch Dis Child. 1996; 74:62-3. [PubMed: 8660052]

Saitta SC, Harris SE, Gaeth AP, et al. Aberrant interchromosomal exchanges are the predominant
cause of the 22g11.2 deletion. Hum Mol Genet. 2004; 13:417-28. [PubMed: 14681306]

Feuk L, Carson AR, Scherer SW. Structural variation in the human genome. Nat Rev Genet. 2006;
7:85-97. [PubMed: 16418744]

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



wduasnue Joymny yHID

1duasnuely Joyny YHID

1duasnuel Joymny YHID

Fung et al.

Fig. 1.
Variable facial features of adults with 22g11.2 deletion syndrome.

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



Page 12

‘PO Ul UMOYS 818 G0'0> SaN[eA

*(usanred [eioey o1ydiowsAp [eqo]9 yum depiano o A|axi|) sainyesy aiydiowsAp [eloey um__sm.n_m

6620 80T 0y 62C ges 91 S5y St 66 safI[ewIouge [enoiAeysg
T000> 102 LlE 92 198 92 5§28 5 66 SaIN[eULIoUge 3107
TE00  S9% 162 61 6€S  v1 L9g €€ 06 wsiydiowsAp pueH
€800  ¥SY 97z V1 gsy 11 762 sz 98 p WstydiowsAp yinop
€000 606 vIiv e 69, 02 728 vw o ¥8 p WstydiowsAp re3
SGE0 980 805 € 519 9T 6€S 8 68 & WstydiowsAp adeys eoed
9570 20T 009 6¢ 09, 61 7’79 85 06 p wstydiowsAp ssoN
9900 8EE TV Tv 08 12 1'69 29 68 p WsiydiowsAp oA3
T000> 9% 8Ly €€ 0'00T O0€ 9'€9 €9 66 utaped [eoey a1ydiowsAp [eqo|9
Saineay 18aIsAyd

2000 TOT £y € 85z 8 0TI 1T 00T eIWeeo[ea0dAH
SIS0 Zv0 vl 8 T9T § 671 €T 10T sal[ewiouge ploJAy L
9,80 200 T8T €T 76T 9 7’81 6T €07 swajqo.d ureaH
8160 100 80r 62 6Ty €T T v 20T swaqoud oppelyaAsd;leinoineysg
6950 ZE0 Sey 0F 00 €I €5y gV G6 $10849p YH1q OBIpIBd-UON
1000 TTT [ 1T/ 0TL 22 19y Ly 20T swa|qoid yoaads
7000 S0T ey 1€ £6L €2 0vs vS 00T SUOIIRJUI POOYPIIYD
T000> V'€l 98y G T8 I2 z09 79 €01 sieak 0g> by
T000> €6T 085 O 896 0 00L 0L 00T [00YDS Ul SBIHNOLYIP [enoineyq/Buiures

Sa.njeay aIydesbowiap/AI0jsiH

% U % U % u
9.Injeajaylaney 9linjesjaylaney oalinjesjayl yumsielgns - Peplodsisuoirenlssqo
(t=p)oner-d X oumsazTrbzz oymselgns oymsae Tthze yimsioe fans Jo Jaquinu ejoL
ssAeuy s181ans [V

Fung et al.

(S@z'1Tbzz) swoipuAs uonsiep z'1Thzz (22=/) INoyum pue (Te=/) Y ‘asessip Lieay |eusbuod yim synpe 0T Ul sainjesy [2oIulld
T algeL

CIHR Author Manuscript CIHR Author Manuscript CIHR Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



Page 13

Fung et al.

“anfeA aAnoIpaid aaneBau ;AdN ‘enfea aandipaid samsod :Add

q
"papJ0oal SeM 8INnJea) 8y} JO 80Ussqe/a0uasald 213UM,,

(T19'00) 905 00L 0'T€ 765 6TF 20T (Ksops1y) swajqoud onreryaAsdyreinoineyag
(06s‘czy) L0S ZoOL 9'1¢ 6T8 V6T €01 swajqo.d BuriesH
(665'8¥%) ¥2s SOL G'8e 988  T9T 10T (R103s1y) sanifeuiouge ploiAyL
(Ly9'8Tv) €€5 06L A §'95 005 6 $193J8p Mg deIpJed-UoN
(899°0vy) t'ss 9GL €€ 6y ST9 68 wsiydiowsAp adeys [eroe-
(G99'8¥) LSS TvL 9'Ge 085 €€S 66 sali[ewIoUCE [eInoIARYRg
(r89'9lv) 08s €718 8z 00y 0'9L 06 wsiydiowsAp asoN
(¥69'G08) 009 ¢S8 6'€e 09 08 68 wsiydiowsAp 843
(689'529) L09 T¥L L2l L'S6  8'6C 001 (K103s1y) erwzeojeo0dAH
(TeL‘z08) 919 L8l 0y Vil gy 98 wsiydiowsAp yIno
(7'€L'8°08) T29 06L vy €0.L 6€S 06 wsiydiowsAp pueH
(csL'els) 819 0S8 g'ay 985  6'9L 8 wsiydiowsAp Je3
(e22'¢89) 819 078 9zy €95 €6L 00T suon9R4UI POOYP|IYD
(r22'089) 619 9¢€8 89y 8v9  0TL 201 swa|qoud yoaads
(922'6'09) 269 T06 oy VIS T8 €01 s1eak 0g> aby
(T92°229) ¥69 196 62y 0Zr 896 00T [00U2S Ul SBINOLHP [enolAeyad/Bulules]
(0€8'099) S¥. G716 005 €29 198 66 (jeseusadAy Buipnjour) saiijewIouqe ad10A
(0z8‘z0ol) T9L 000T 9Ly 2?5 0007 66 wianed [eroey o1ydiowsAp [eqo|o
[eARIUI8OWPHU0D %56 (%) (%) g ADN (%) g Add (%) Aipysds (%) ANANSUSS g SUOITRAISSTO JO JBqUINN $9.n¥es) feOIUl|D

ISTITS RN NI ReSTe

suona|ap Z'TThzz aney oym aseasip Leay [e1uabuod Yim synpe ysinBunsip o) seinyesy [2a1uljd [enpIAIpul Jo Alljige ayL

CIHR Author Manuscript

¢ dlqeL

CIHR Author Manuscript

CIHR Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



Page 14

Fung et al.

"PapI0aI SeM 8INJEa) U} JO BOUBSGE IO 8ouasald BBy

q

"anfeA annoIpald sanefau :AdN anjea aandipaid sanisod :Add
‘K101s1Y e1waedea0dAy = Wniofe) ‘sieak gg> abe = abyy ‘AI01SIY S8NNDILIP [einolAeysd/Bulules] = pgT ‘Sa1IjewWIouUdeR 82I0A = 3910A ‘SAZ TThzz 10 onsuie1orieyd uiened je1oey olydiowsAp eqolb = m>om

aby ‘wniofed
(906 'z6L) 6%8 000T z19 8'69 07001 6T 0 (€9 ‘0¢) €6 GJo¢g ‘paTT ‘9210 ‘sAQ
aby
(626'€8.) 998 96 269 €18 006 2T 1z (¥9 ‘0¢€) ¥6 vio0e  ‘wnoed ‘pg ‘'skg
aby
(0T6'8'6L) ¥'G8 000T 219 80, 0001 6T 0g (59 ‘0€) 56 vjog ‘pg1 ‘810N 'shAa
(r16'0GL) 7€8 ST6 ¥'69 TE€8 ¢€€8 1T 514 (59 ‘0¢€) 56 €J0¢ pg ‘8dloA ‘sha
aby
(€06'29.) 7€8 196 609 2eL €¢€6 8T 8¢z (£9°0¢) 16 €J0g ‘wnioed ‘'skg
(068'6'SL) ¥78 8.6 085 289 196 12 62 (99 ‘0¢€) 96 24072 pgT ‘'ska
(968'9€.) 918 676 6'T9 g9, 198 9T 9z (89 ‘0¢) 86 zi07 8910A ‘'sAQ
[eABIUI BOUBPHUOD %G6 % uoiepPp ZTTbzzON  SAz'TTbzz Yum (sacttbzz
noyim swel!
‘Yum) 101 19 pquinu
(%) 40-I0  (96) Hjo-Ino qSuonenRssqo }jo-1o Suey
oo e Ange weuwnsig (W eAdN (%) eAdd e fpymeds  Je ANAnSUSS 3.N7ea} 8yl yIIMsSIe Iqns JO BQWINN rewndo §01Z)gelRIID

CIHR Author Manuscript

aseasip Leay [enuabuod yum s)npe 0T Ul BWOIPUAS
uonajep Z'1Tbzz aney 01 A1) stusiied Bunoslep 1o} (9508< AljIge JueulwLIOSIP) 1581 Pooh e 10} 18I0 Bunasw sainjesy [ealul]d Jo sucieuiquo)

€ 9lqeL

CIHR Author Manuscript

CIHR Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2011 July 19.



	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Study sample
	2.2. Statistical analysis

	3. Results
	3.1. Predicting 22q11.2 deletions

	4. Discussion
	5. Conclusions
	References
	Fig. 1
	Table 1
	Table 2
	Table 3

