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ABSTRACT

Objective: Chromosome 22q11 microdeletion syndrome (del22q11) is the most frequent microdeletion
syndrome in humans, with an estimated incidence of 1/4000. It is recognized as a common identifiable
cause of cleft palate. We characterized palatal abnormalities in a large cohort of Chilean patients with
del22q11.

Methods: Patients with the deletion were evaluated by geneticists and speech pathologists, including
nasopharyngoscopy when indicated. Comparisons between groups with and without palatal
abnormalities were performed using Fisher’s exact test and Mann-Whitney U test.

Results: Two hundred and one patients were included in the study. Palate abnormalities were present in
154 patients (76.6%). The most frequent finding was submucous cleft palate (both classic and occult
forms) seen in 80 patients (39.8% of the total group). Overt cleft palate or cleft lip/palate was seen in 30
patients (14.9%). Patients without palate abnormalities had significantly greater frequency of congenital
heart disease and higher mortality.

Conclusions: Our data show a high frequency of palate abnormalities without significant association with
congenital heart disease. The most common types of palate defects seen in this series are usually not
evident on physical examination and thus require a high index of suspicion and active evaluation through

nasopharyngoscopy.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chromosome microdeletion 22q11.2 (del22q11) has an esti-
mated incidence of 1 of 4000 newborns [1], being the most
common known microdeletion syndrome. It results in heteroge-
neous clinical manifestations known as velocardiofacial syndrome
(VCFS) [2,3]. In the 1950s, Eva Sedlackova, a Czech otolaryngolo-
gist, first described patients with velar hypoplasia associated with
hypernasal speech. She also recognized characteristic facial
features, tapered fingers and cognitive impairment [4-6].
DiGeorge phenotype, described in 1968, with conotruncal cardiac
defects, typical facial dysmorphism, hypocalcaemia, immunodefi-
ciency and cleft palate is the most obvious presentation at birth [7].
Later, Shprintzen et al. reported several cases of overt or
submucous cleft palate, congenital heart disease, typical facies
and learning problems delineating the VCFS [8,9].
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Newborns with the deletion are usually recognized by the
presence of CHD and/or hypocalcaemia. Confirmation of the
diagnosis should prompt the search for palatal anomalies with
age-appropriate methods [10]. Children without CHD tend to be
diagnosed later and the diagnosis is usually suspected by
velopharyngeal dysfunction (VPD). Several reports of palatal
anomalies have originated from cleft palate clinics [8,9,11-17],
and may be biased towards inclusion of patients with palate
anomalies. Few series published to date describe the palatal
features of Hispanic patients with VCFS. We report the spectrum
of the palatal abnormalities in a group of Chilean patients with
del22q11. We included cases detected in several centers across
Chile, with referral from different sources (Cleft Palate, Cardiolo-
gy, Developmental Pediatrics and Genetics clinics) and with
systematic palate anatomic and functional evaluation.

2. Material and methods
The cohort consisted of 201 Chilean patients diagnosed with

22q deletion detected by Fluorescence in situ Hybridization (FISH)
using the Vysis DiGeorge/VCFS region probe - LSI TUPLE1 (Abbott
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Laboratories, Abbott Park, IL, USA). Clinical geneticists and speech
pathologists evaluated the patients and reviewed medical records.
Clinical assessment included clinical history, physical examina-
tion, speech evaluation, and nasopharyngoscopy when indicated.
Local Ethics Committees at each participating institution approved
the study and informed consent was obtained from all patients,
their parents or legal guardians.

Patients were distributed in two groups according to the results
of palatal evaluation: group 1, with palate anomalies (PA), and
group 2, without palatal abnormalities. These were classified as
overt cleft palate, classic submucous cleft palate, occult submucous
cleft palate, and suspected occult submucous cleft palate. The
latter group included patients with normal hard palate, velum, and
uvula on examination with symptoms of velopharyngeal dysfunc-
tion (VPD), such as hypernasal speech, nasal emission, articula-
tions problems and low intraoral pressure, but were younger than
4 yr and could not be evaluated by nasopharyngoscopy.

For some features, data were incomplete, and frequency of
abnormalities was calculated in patients with recorded data.
Fisher’s exact test and Mann-Whitney U test were used to compare
differences between groups, an alpha value of 0.05 was considered
significant. The statistical software package SPSS, version 20 (SPSS
Inc., Chicago, IL, USA), was used for analysis.

3. Results

The age range of the patients was 0-46 years at the time of the
diagnosis of the deletion, with a median of 4.3 years. The
proportion of female subjects was 52.7% (Table 1).

In our series, 154 (76.6%) patients had signs of palatal
anomalies, and 47 (23.4%) had normal palates. The specific
findings are shown in Table 2. The most common PA was occult
submucous cleft palate (28.9%). Common nasopharyngoscopy
findings in this group of patients were a small soft palatal notch,

Table 1
Clinical features of patients with or without PA.

With PA Without PA P value
(total=154) (total=47)

Females/males (n patients) 82/72 24/23 n.s.

Median age at diagnosis (years) 4.70 1.24 n.s.

Deceased 1/154 3/47 0.04
(0.6%) (6.4%)

Congenital heart disease® 79/153 33/47 0.03
(51.6%) (70.2%)

Developmental delay® 123/142 37/41 n.s.
(86.6%) (90.2%)

Mental retardation® 38/87 13/22 n.s.
(43.7%) (59.0%)

Height/age < p10? 42/82 21/32 n.s.
(51.2%) (65.6%)

Weight/age < p10? 41/81 19/32 n.s.
(50.6%) (59.3%)

Cranial circumference/age < p10* 19/42 12/23 n.s.
(45.2%) (52.2%)

Chronic or recurrent otitis media® 57/125 9/34 n.s.
(45.6%) (26.5%)

Hypocalcaemia?® 26/118 15/38 n.s.
(22.0%) (39.5%)

Hypoparathyroidism? 15/48 7/15 n.s.
(31.3%) (46.7%)

Hypothyroidism? 15/102 7/35 n.s.
(14.7%) (20.0%)

Facial asymmetry? 11/111 5/34 n.s.
(9.9%) (14.7%)

Hernia® 41/144 13/45 n.s.
(28.5%) (28.9%)

Thymic aplasia® 16/24 13/20 n.s.
(66.7%) (65.0%)

2 For each listed feature, the denominator represents the number of patients with
recorded data.

Table 2
Palatal abnormalities in 201 Chilean patients.
Patients
n %
Normal palate 47 234
Cleft lip and palate 6 3.0
Overt cleft palate (without cleft lip) 24 11.9
Submucous cleft palate 22 109
Occult submucous cleft palate 58 28.9
Suspected occult submucous cleft palate® 44 219

@ Based primarily by clinical history and physical examination, in children too
young to perform a definitive evaluation by nasopharyngoscopy.

concave palate, broad wide pharynx, visible pulsation, and scarce
adenoid tissue. Overt cleft palate was seen in 24 patients (11.9%),
and 6 patients had cleft lip and palate (3.0%). All patients with PA
had signs of VPD.

Comparisons between group 1 (with PA) and group 2 (without
PA) are presented in Table 1. We observed a similar gender
distribution in both groups. Patients in group 1 were older at the
time of diagnosis of the deletion compared to patients from group
2, the difference was non significant (median age, 4.70 years and
1.24 years, respectively; p = 0.76, Mann-Whitney U test).

Congenital heart disease was seen in 51.6% of patients of group
1 and in 70.2% of patients of group 2 (p = 0.03, Fisher’s exact test).
Three of 47 (6.4%) patients in group 2 had died, and 1 of 154 (0.6%)
patients in group 1 were deceased (p = 0.04, Fisher's exact test).

There were no significant differences between both groups in
presence or absence of developmental delay/mental retardation,
facial asymmetry, thymic aplasia, hypocalcaemia or hernias, and
stature, weight or cranial circumference below the 10th percentile.

4. Discussion

This study shows the spectrum of palatal anomalies in a large
group of del22q11 Chilean patients. Structural and functional
palatal abnormalities are common in VCFS patients. We found
palatal abnormalities in 76.6% of our patients, an intermediate
value in relation to previously reported observations that range
between 42% and 100% [11-22], with the maximum values
reported from otolaryngology and craniofacial centers. Specific
defects had similar frequencies as those reported by other
published series that describe overt cleft palate in 9-18%
[11,15-21].

VPD was a constant feature in our patients, associated to overt
and submucous cleft palate. Velopharyngeal hypotonia and other
variables that cause palatopharyngeal disproportion (platybasia,
upper cervical spine abnormalities, adenoid hypoplasia, short
velum, and deep cavum) could contribute to VPD [23-25].

Heart disease was less frequent in patients with abnormal
palates (group 1) than in those with normal palate (group 2). This
could be explained by the presence of distinct modifiers and/or
developmental pathways involved in the pathogenesis of either
defect [17], or due to the relative smaller sample size of group.
Higher lethality in group 2 seems be related to the higher
proportion of congenital heart disease [1,18,26-28].

This study is limited by its retrospective nature, and by the fact
that some patients had incomplete data. Nevertheless, the results
presented here are useful since we included a large number of
patients, referred from several centers, ascertained by different
modes, and with systematic evaluation, thus the results probably
reflect the variability present in the wider clinical setting.

In summary, we observed a high proportion of palatal
abnormalities in our cohort of patients with del22q11, but are
not associated to the presence cardiovascular anomalies. The most
common types of palate defects seen in this series are usually not
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evident on physical examination and thus require a high index of
suspicion and active evaluation through nasopharyngoscopy.

Our results support the recommendation for universal evalua-
tion of 22q11 deletion patients by an experienced speech language
pathologist [1]. Establishing the correct diagnosis of del22q11 has
important implications for proper genetic counseling and long-
term clinical management, such as the timely identification of
occult palate anomalies [15,16,29].

Conflict of interest statement

All authors have no financial and personal relationships that
could inappropriately influence this work.

Acknowledgements

We thank the participants and their families for their generous
contribution and the referring clinicians. This study was supported
by grant from Fondo Nacional de Ciencia y Tecnologia (FONDECYT-
Chile) Grant #1100131.

References

[1] D.M. McDonald-McGinn, T. Kohut, E.H. Zackai, Deletion 22q11.2 (Velo-Cardio-
Facial Syndrome/DiGeorge Syndrome), in: S.B. Cassidy, J.E. Allanson (Eds.), Man-
agement of Genetic Syndromes, 3rd ed., John Wiley and Sons, Hoboken, NJ, USA,
2010, pp. 263-284.

[2] PJ.Scambler, D. Kelly, E. Lindsay, R. Williamson, R. Goldberg, R. Shprintzen, et al.,
Velo-cardio-facial syndrome associated with chromosome 22 deletions encom-
passing the DiGeorge locus, Lancet 339 (1992) 1138-1139.

[3] RJ. Shprintzen, Velo-cardio-facial syndrome: 30 years of study, Dev. Disabil. Res.
Rev. 14 (2008) 3-10.

[4] E. Sedlackova, Velopharyngeal insufficiency as developmental disturbance, Cas
Lék Ces 94 (1955) 1304-1307 (in Czech).

[5] P.D. Turnpenny, R-W. Pigott, Deletion 22q11 syndrome: acknowledging a lost
eponym as we say farewell to an acronym, J. Med. Genet. 38 (2001) 271-273.

[6] K. Vrticka, Present-day importance of the velocardiofacial syndrome, Folia Pho-
niatr. Logop. 59 (2007) 141-146.

[7] A. DiGeorge, Congenital absence of the thymus and its immunologic conse-

quences: concurrence with congenital hypothyroidism, Immunol. Def. Dis.

Man (Birth Defects: Original Article Series) 4 (1968) 116-123.

RJ. Shprintzen, R.B. Goldberg, M.L. Lewin, E.J. Sidoti, M.D. Berkman, R.V. Arga-

maso, et al., A new syndrome involving cleft palate, cardiac anomalies, typical

facies, and learning disabilities: velo-cardio-facial syndrome, Cleft Palate J. 15

(1978) 56-62.

S. Fokstuen, K. Vrticka, M. Riegel, V. Da Silva, A. Baumer, A. Schinzel, Velofacial

hypoplasia (Sedlackova syndrome): a variant of velocardiofacial (Shprintzen)

syndrome and part of the phenotypical spectrum of del 22q11.2, Eur. ]. Pediatr.

160 (2001) 54-57.

[10] D.M. McDonald-McGinn, D.A. Driscoll, B.S. Emanuel, E. Goldmuntz, B.J. Clark, C.

Solot, et al., Detection of a 22q11.2 deletion in cardiac patients suggests a risk for
velopharyngeal incompetence, Pediatrics 99 (1997) e9.

(8

[9

[11] A.H. Lipson, D. Yuille, M. Angel, P.G. Thompson, J.G. Vandervoord, E.J. Beckenham,
Velocardiofacial (Shprintzen) syndrome: an important syndrome for the dysmor-
phologist to recognise, J. Med. Genet. 28 (1991) 596-604.

[12] Y. Finkelstein, Y. Zohar, A. Nachmani, P. Talmi, M.A. Lerner, D.J. Hauben, et al., The
otolaryngologist and the patient with velocardiofacial syndrome, Arch. Otolar-
yngol. Head Neck Surg. 119 (1993) 563-569.

[13] R. Goldberg, B. Motzkin, R. Marion, P.J. Scambler, R]. Shprintzen, Velo-cardio-
facial syndrome: a review of 120 patients, Am. J. Med. Genet. 45 (1993) 313-319.

[14] G. Vantrappen, K. Devriendt, A. Swillen, N. Rommel, A. Vogels, B. Eyskens, et al.,
Presenting symptoms and clinical features in 130 patients with the velo-cardio-
facial syndrome. The Leuven experience, Genet. Couns. 10 (1999) 3-9.

[15] L.C. Ford, S.L. Sulprizio, B.M. Rasgon, Otolaryngological manifestations of velo-
cardiofacial syndrome: a retrospective review of 35 patients, The Laryngoscope
110 (2000) 362-367.

[16] O. Dyce, D. McDonald-McGinn, R.E. Kirschner, E. Zackai, K. Young, L.N. Jacobs,
Otolaryngologic manifestations of the 22q11.2 deletion syndrome, Arch. Otolar-
yngol. Head Neck Surg. 128 (2002) 1408-1412.

[17] M.A. Friedman, N. Miletta, C. Roe, D. Wang, B.E. Morrow, W.R. Kates, et al., Cleft
palate, retrognathia and congenital heart disease in velo-cardio-facial syndrome:
a phenotype correlation study, Int. J. Pediatr. Otorhinolaryngol. 75 (2011) 1167-
1172.

[18] A.K.Ryan,].A. Goodship, D.I. Wilson, N. Philip, A. Levy, H. Seidel, et al., Spectrum of
clinical features associated with interstitial chromosome 22q11 deletions: a
European collaborative study, ]. Med. Genet. 34 (1997) 798-804.

[19] D.M. McDonald-McGinn, R. Kirschner, E. Goldmuntz, K. Sullivan, P. Eicher, M.
Gerdes, et al, The Philadelphia story: the 22q11.2 deletion: report on 250
patients, Genet. Couns. 10 (1999) 11-24.

[20] E. Cohen, EW. Chow, R. Weksberg, A.S. Bassett, Phenotype of adults with the
22q11 deletion syndrome: a review, Am. ]. Med. Genet. 86 (1999) 359-365.

[21] S. Oskarsdottir, C. Persson, B.O. Eriksson, A. Fasth, Presenting phenotype in 100
children with the 22q11 deletion syndrome, Eur. ]. Pediatr. 164 (2005) 146-153.

[22] A.S. Bassett, EW.C. Chow, J. Husted, A. Hodgkinson, E. Oechslin, L. Harris, et al.,
Clinical features of 78 adults with 22q11 deletion syndrome, Am. J. Med. Genet. A
138 (2005) 307-313.

[23] R.E.Kirschner, Palatal anomalies and velopharyngeal dysfunction associated with
velo-cardio-facial syndrome, in: K.C. Murphy, P.J. Scambler (Eds.), Velo-Cardio-
Facial Syndrome: A Model For Understanding Microdeletion Disorders, Cam-
bridge University Press, 2005.

[24] R.A. Ruotolo, N.A. Veitia, A. Corbin, ]. McDonough, C.B. Solot, D. McDonald-
McGinn, et al, Velopharyngeal anatomy in 22q11.2 deletion syndrome: a
three-dimensional cephalometric analysis, Cleft Palate Craniofac. ]. 43 (2006)
446-456.

[25] I. Rouillon, N. Leboulanger, G. Roger, M. Maulet, S. Marlin, N. Loundon,
et al., Velopharyngoplasty for noncleft velopharyngeal insufficiency: results in
relation to 22q11 microdeletion, Arch. Otolaryngol. Head Neck Surg. 135 (2009)
652-656.

[26] S. Anaclerio, V. Di Ciommo, G. Michielon, M.C. Digilio, R. Formigari, F.M. Picchio,
et al., Conotruncal heart defects: impact of genetic syndromes on immediate
operative mortality, Ital. Heart J. 5 (2004) 624-628.

[27] L. Ziolkowska, W. Kawalec, A. Turska-Kmiec, M. Krajewska-Walasek, G. Brze-
zinska-Rajszys, ]. Daszkowska, et al, Chromosome 22q11.2 microdeletion in
children with conotruncal heart defects: frequency, associated cardiovascular
anomalies, and outcome following cardiac surgery, Eur. J. Pediatr. 167 (2008)
1135-1140.

[28] A.Kyburz, U.Bauersfeld, A. Schinzel, M. Riegel, M. Hug, M. Tomaske, et al., The fate
of children with microdeletion 22q11.2 syndrome and congenital heart defect:
clinical course and cardiac outcome, Pediatr. Cardiol. 29 (2008) 76-83.

[29] B.B. Cable, E.A. Mair, Avoiding perils and pitfalls in velocardiofacial syndrome: an
otolaryngologist’s perspective, Ear Nose Throat J. 82 (2003) 56-60.



	Palate abnormalities in Chilean patients with chromosome 22q11 microdeletion syndrome
	Introduction
	Material and methods
	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


