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Purpose: The purpose of this investigation is to describe the communication profile of children with the 22q11.2

deletion syndrome from infancy through school age and to examine the influence of other medical aspects, such

as palate anomalies, learning disorders, and cardiac defects of the syndrome to communication. Methods:

Seventy-nine children were examined using standardized tests of speech and language and perceptual measures

of resonance and voice. Results: Results show significant delay in emergence of speech and language milestones

with delay/disorder in speech-language processes persisting into the school aged years, including those children

diagnosed with nonverbal learning disabilities. Persistent articulation and resonance disorders were also present,

presumed to be related in part to palatal anomalies. No correlation was found between cardiac status, learning

disorders, palate anomalies and communication disorders. Conclusion: The need for early identification and

management of communication skills is crucial in the care of children with the 22q11.2 deletion. Genetics in

Medicine, 2001:3(1):67–71.
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The 22q11.2 deletion syndrome is a genetic condition that
affects nearly every organ and system.1 The range of clinical
features is extensive and variable between affected individuals.
Most commonly, congenital cardiac anomalies, palatal defects,
immune deficiencies, hypocalcemia, developmental delay,
learning disorders, mental retardation, dysphagia, and mild
facial dysmorphism are seen.2

It is now known that the deletion accounts for a number of
previously identified syndromes, including DiGeorge syn-
drome, velocardiofacial syndrome, conotruncal anomaly face
syndrome and some isolated cases of conotruncal cardiac
anomalies, Opitz G/BBB syndrome, and Cayler cardiofacial
syndrome.3–10 The incidence of the chromosome 22q11.2 de-
letion syndrome is reported to be 1:4,000.3 However, the inci-
dence may actually prove to be higher as ascertainment im-
proves. Our knowledge of this syndrome has expanded greatly
since the advent and widespread availability of fluorescence in
situ hybridization (FISH) chromosomal analysis.4,5

Our knowledge of the communication features of the
22q11.2 deletion has expanded as more children have been
identified and treated for their acute medical and developmen-
tal conditions. Feeding disorders, palate anomalies, delayed
emergence of language, speech disorders, and language disor-
ders have all been documented.11–14 Learning disorders10,15–18

have also been described in the literature. The diagnostic label
nonverbal learning disability (NVLD) has been applied to this
population by several investigators.15,16 That term describes a
pattern of weakness in math skills with a Performance IQ lower
than the Verbal IQ, and weak visual-spatial skills. It has also
been reported that communication disorders are present very
early, persist over time, and may constitute one of the most
psychosocially difficult aspects of the deletion for patients and
their families.11 The need for early identification, early inter-
vention, and special education is crucial to reduce the impact
of the disability and to advance communication skills.

POPULATION AND METHODS

As part of a multidisciplinary, prospective study, we exam-
ined the speech and language abilities of a large population of
children with 22q11.2 deletion syndrome. Children were seen
for evaluation by a team of medical and developmental special-
ists. Subjects were seen consecutively, according to enrollment
in the study. Only those children receiving concurrent speech-
language, plastic surgery, and psychological evaluations within
a 6-month time period are described here. The population is
divided into two groups: preschool and school aged. All chil-
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dren studied were confirmed to have the deletion by FISH
analysis.

The purpose of this research effort is to review findings and
describe a cross-sectional communication profile of children
with 22q11.2 deletion syndrome and to examine the influence
of other medical aspects of the syndrome, including palate
anomalies, learning disorders, and cardiac defects on commu-
nication. We also examined whether language deficits would
be found in children with a diagnosis of NVLD in the school
aged population, given the high incidence of early delay in
speech and language development. Effects of palatal interven-
tion were reviewed. Implications for intervention based on
findings and clinical experience are discussed.

In the preschool population, there were 53 children aged 7
to 66 months, including 29 males and 24 females. Cognitive
assessments were administered in children up to the age of 42
months using the Bayley Scale of Infant Development, Second
Edition19 (N 5 40). This is a test designed to identify children
with cognitive and motor delays. Children aged 42 to 66 (N 5
13) months were administered the Wechsler Preschool and
Primary Scales of Intelligence–Revised.20 This is a frequently
used intelligence test. Twenty-six children over the age of 5.6
years of age comprised the school aged population. There were
14 males and 12 females aged 5.9 to 16.7 years. The school aged
children were given the Wechsler Intelligence Scale for Chil-
dren–Third Edition.21 The WISC-III is a multifaceted intelli-
gence test. For language testing, preschool children were ad-
ministered the Pre-School Language Scale–3 (PLS).22 This test
measures early language development, tapping into a broad
range of comprehension (receptive) and expressive language
skills. School aged children were administered the Clinical
Evaluation of Language Fundamental-Revised (CELF-R).23

This test is designed to identify children in grades kindergarten
through twelfth who lack the basic foundations of form and
content of mature language use, including word meanings,
word and sentence structure, and recall and retrieval. Scores
are represented as receptive, expressive, and total language
skills. All of the above tests have a mean of 100 and a standard
deviation of 15.

When sufficient speech was present, speech sound produc-
tion was assessed on the Goldman Fristoe Test of Articulation,
which tests production of each consonant sound of the English
language .Criteria for normal speech were performance on the
Goldman-Fristoe Test of Articulation24 above the 20th percen-
tile and no perceptible prosodic disturbances, such as errors in
rate, rhythm, intonation, and stress patterns. When there was
insufficient speech to take a test, more informal assessments
were made. Direct visualization studies were done, when pos-
sible and clinically indicated, to examine the structure and
function of the palate. Nasometry measures were taken when
indicated and clinically possible to assess degree of nasalance.
Since it is widely accepted that the ear is the “first and primary”
diagnostic tool25 only the results of a perceptual rating scale of
nasality will be discussed in this report. Resonance was rated as
hyponasal; normal; mildly, moderately, or severely hypernasal.

Voice was also perceptually evaluated, including ratings of
pitch and quality.

RESULTS

The results are summarized in Table 1.

Preschool children

Preschool children were grouped into three levels of func-
tional status according to the following criteria: Average, if the
Bayley Mental Development Index or the Full Scale IQ was
within one standard deviation of the mean; Mildly Delayed, if
the MDI or Full Scale IQ was between one and two standard
deviations below the mean; and Significantly Delayed, if the
MDI or Full Scale IQ was two or more standard deviations
below the mean. On cognitive testing, there were 10 children in
the Average range. Twenty children were in the Mildly Delayed
range, and 23 were in the Significantly Delayed range, showing
a downward shift in IQ in this population. A similar downward
trend was found in the results of the language testing. Twelve
children were within one standard deviation of the mean.
Twenty-six were one to two standard deviations of the mean,
and 15 were below two standard deviations of the mean.

There is a strong relationship between cognitive and lan-
guage findings. In the 10 children cognitively in the average
range, the mean and standard deviation of the total language
score (TLS) on the PLS was 88.6 6 11.1. The mean and stan-

Table 1
Speech-language findings

Preschool School-Aged

n 53 26

Age 7–66 mos 5.9–16.7 years

Cognitive

Bayley (40) 68.6 6 13.3

WPPSI (13) 84.5 6 10.4

WISC-III (26)

VIQ 77.8 6 13.6

PIQ 71.7 6 12.8

FSIQ 73.0 6 12.6

Language

PLS-3 CELF-R

TLS 77.2 6 12.0 65.5 6 10.8

ELS 76.1 6 12.3 68.2 6 13.8

RLS 82.4 6 11.3 64.8 6 11.5

Articulation impairment 12/16 22/29

Voice impairment 19/32 9/29

Resonance impairment 29/32 20/29

WPPSI, Wechsler Preschool and Primary Scales of Intelligence; WISC-III,
Wechsler Intelligence Scale for Children–Third Edition; VIQ, Verbal IQ; PIQ,
Performance IQ; FSIQ, Full Scale IQ; RLS, receptive language score.
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dard deviation of the auditory comprehension (AC) subtest
(receptive language) was 83.3 6 10.9. The mean and standard
deviation of the expressive language subtest (ELS) was 90.9 6
10. In the 20 children in the Mildly Delayed range, the mean
and standard deviation of the TLS was 77.1 6 8.1; the mean
and standard deviation of AC was 82.7 6 8.1; and the mean
and standard deviation of ELS was76.0 6 9.3. In the 23 chil-
dren in the Significantly Delayed range, the PLS results were as
follows: TLS was 72.1 6 12, AC was 78.6 6 12.2, ELS was 70.7
6 11.7. A total of 26% of children scored 10 or more points
lower on language testing than on cognitive testing. These chil-
dren were distributed across all three cognitive levels. In addi-
tion, expressive skills often lagged behind receptive skills. In
25% of the children, expressive language was 10 or more points
lower than receptive language. In the group as a whole, expres-
sive skills were lower than receptive skills (P 5 0.0001).

One of the most striking features in this population is the
near universality in delay of acquisition of language mile-
stones. Ninety percent of 2 year olds were nonverbal or just
using single words. Similarly, 80% of 3 year olds were nonver-
bal or just using words or simple phrases. By the time they were
4 years old, 30% were still nonverbal or not yet speaking in
sentences. This delay was often greater than the delay in general
cognitive development. Among prelinguistic infants, many
children were noted by observation and history to have de-
creased volume of babbling and decreased variety in sound
play.

Because of the paucity of speech, only 16 preschool children
over the age of 2 could be formally tested in the area of articu-
lation. Only four children scored within normal limits (above
the 20th percentile). Of the 32 children who used just a few
words or phrases, and could imitate sufficiently to be assessed
informally, a range of speech disorders were found, including
motor speech disorders, compensatory disorders, and phono-
logical, or developmental disorders. These patterns co-oc-
curred in some subjects.

Motor disorders were seen in two-fifths of the population
and were present in any or all of the speech subsystems, includ-
ing respiration, phonation, articulation, and resonation. Such
features as decreased facial animation, groping oral move-
ments, poor imitation, poor stimulability, poor sequencing of
sounds, strained-strangled voice, poor respiratory support, vo-
cal fatigue at the end of a phrase, reduced syllables per breath,
and/or impaired prosody (rhythm, intonation, stress patterns)
were seen.

Compensatory articulation errors were seen in nearly a third
of the children. These occur as a result of palatal anomalies
(such as cleft palate, submucous cleft palate, and/or palatopha-
ryngeal disproportion) that prevent the separation of the oral
and nasal cavities. Compensatory errors might include glottal
stops, exhalation substitutions, nasal substitutions, or de-
creased pressure on consonants.

Phonological error patterns were also seen in almost half of
children, such as lisping, simplification of glides (r,y,l), as well
as many other articulation or phonological error patterns.

These types of errors are commonly seen in the course of typ-
ical development.

Because of the high prevalence of palatal anomalies, includ-
ing either structural and/or dynamic movement disorders, hy-
pernasality was common. Only 3 of 32 children had perceptual
resonance ratings which were within normal limits. Two were
perceived to be hyponasal. Nine children were judged to be
mildly hypernasal; six were judged to be moderately hyperna-
sal, and seven were judged to be severely hypernasal. Five chil-
dren did not have sufficient vocalizations to make a judgment.

In perceptual voice analysis, 13 children were judged to be in
the normal range. Nineteen children were judged to have voice
problems such as soft voice, breathiness, wet hoarseness,
hoarseness, tense or strained voices. Some of the vocal prob-
lems were related to increased strain because of the palatal
insufficiency. However, some of these vocal problems were
presumed to be part of a broader motor speech disorder. One
other notable finding is that of high pitch. Of 28 children with
perceptual evaluations of pitch, voice was noted to be within
normal limits in 15 (53.5%) children and high in 13 children
(46.5%).

Another very common feature of the deletion is low muscle
tone. This was frequently visualized in our population as flat fa-
cies, open mouth at rest, tongue protrusion, drooling, or palatal
hypotonia. One third of the preschool group showed some facial
asymmetries, such as asymmetric crying face, asymmetric move-
ment on volitional lip rounding or retraction.

School-aged children

As is true in the preschool population, there is a downward
distribution in IQ in the school aged children. The means and
standard deviations using the WISC III are as follows: the Ver-
bal IQ had a mean of 77.8 6 13.6, the Performance IQ had a
mean of 71.7 6 12.8, and the Full Scale IQ had a mean of 73.0
6 12.6.

The means and standard deviations of the Clinical Evalua-
tion of Language Fundamentals-Revised (CELF) are as follows:
Receptive Language Score was 64.8 6 11.5; the Expressive Lan-
guage Score was 68.2 6 13.8 and the Total Language Score was
65.5 6 10.8. These scores show a significant, persistent lan-
guage deficit in children with the 22q11.2 deletion, particularly
in expressive skills.

We performed a separate analysis of language skills in chil-
dren who showed NVLD patterns. Even among these subjects,
whose Verbal IQ scores were at least 10 points higher than
Performance IQ scores, specific language impairment (SLI)
was common (language impairment to a degree greater than
general ability levels would suggest). Four of 11 (36%) had SLI
defined by language scores which were 10 or more points be-
low cognitive skills with specific deficits in vocabulary, con-
cepts, syntax, naming, narrative or descriptive language. Of the
15 children who did not have NVLD, 40% also had SLI. If we
use less strict criteria and apply clinical history, school and
functional performance, even more children showed signs of
SLI. There was no correlation between diagnosis of a language
disorder and IQ. That is, children with a high IQ were just as
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likely to have a language disorder as a child with a lower IQ.
There was also no correlation between language, speech, pal-
ate, or cardiac findings.

In the area of speech, 29 school aged children were admin-
istered the Goldman Fristoe Test of Articulation. Only seven
children had normal speech. The remaining children showed
speech abnormalities of varying kinds, including phonological,
compensatory, and motor errors. These occurred either alone
or in combinations. This is highly significant and does not vary
with mean IQ or total CELF-R scores. Compensatory errors
such as decreased pressure on consonants and motor errors,
often in rate and rhythm persist into late childhood and
adolescence.

Nine of 29 children demonstrated abnormal voice findings,
including hoarseness and decreased loudness. Six children had
high pitch. These findings did not correlate with any known
laryngeal anomalies in these subjects.

Palatal evaluations showed that 20 of the 29 children had
velopharyngeal insufficiency or disproportion (VPI) con-
firmed by direct visualization studies. Each child showed vary-
ing degrees of hypernasality ranging from mild to moderate to
severe. Fourteen of the 20 children had at least one surgical
procedure to manage VPI, at our center or elsewhere, and only
4 had normal-to-hyponasal speech, with the balance continu-
ing to exhibit some degree of postsurgical hypernasality.

DISCUSSION

These results reveal a wide range of communication deficits
in children with the 22q11.2 microdeletion syndrome across
the age spectrum. Findings include (1) delayed emergence of
language and prolonged periods between milestones; (2)
speech and language disorders that continue into the school
aged years in at least half the population; (3) hypernasality
related to palate anomaly, and (4) voice disorders, in a small
portion of the population.

The incidence of palatal abnormalities is high, ranging from
46%26 to 69%27 This number may be even higher as 14% in the
one study 27 were too young to make a definitive diagnosis. An
important observation is that many of our children remained
hypernasal after surgical intervention. Thus, even with pha-
ryngoplasty, resonance improved but did not reach normal
levels in a majority of children. This may be related to patterns
of hypotonia of the VP mechanism and/or muscle hypoplasia
(Kirschner, unpublished data).

The fact that many of the perceived voice findings did not
correlate with any known laryngeal abnormality suggests a
possible subtle and variant manifestation of the deletion to the
laryngeal structures. Significant laryngeal and tracheal anom-
alies have been described in a small portion of the population,
including laryngomalacia, laryngeal web, unilateral vocal fold
paralysis, subglottic stenosis, tracheoesophageal fistula, tra-
cheomalacia, laryngeal cleft, and epiglottic abnormalities28,29

(Jacobs, unpublished data).
Because the effect of the deletion on early development is so

widespread and devastating to early communication and be-

havior, every child with the deletion should be considered at
risk and should, therefore, be enrolled in early intervention
settings as soon as a diagnosis is made. A proactive stance is
recommended in the management of these patients. Early oral
motor problems may contribute to feeding difficulties (as can
other medical conditions such as gastrointestinal problems)
and can be addressed in the newborn period to reduce the
impact of the disability. Direct speech-language therapy
should be instituted at the first sign of a delay or disorder.
Development of early receptive and expressive language skills
is critically important as is development of higher level skills as
the children mature. Phonological placement therapy and ex-
tinguishment of compensatory articulation should be stressed
in direct, individual speech therapy, shaping vocalizations into
vowels and properly placed consonants. There is no scientific
evidence to support the notion that strengthening an oral
structure in nonspeech activities will lead to improved speech.

Each child should receive speech-language evaluation and
palatal evaluation as part of a core diagnostic evaluation and
these should be repeated at regular intervals to assess progress
and changing needs. Some younger children benefit from eval-
uations at 6-month intervals, while others may need yearly
evaluations. Serial evaluations in conjunction with a plastic
surgeon or otolaryngologist will help to determine readiness
for surgical intervention for VPI.

In the period when language has not yet emerged, we
strongly advocate the use of Total Communication, which is
the use of manual signs and speech stimulation simultaneous-
ly.11 Our experience, as well as the experience with typically
developing children and other disabled populations, shows
that once speech emerges, manual signs are dropped in place of
oral productions, even in the presence of speech disorders. It is
our experience that early signing, when there is no speech,
enhances reciprocal interactions and communicative ex-
changes, reduces frustration, and builds a bridge toward more
conventional communicative exchanges. It is a form of multi-
sensory therapy. This approach benefits children who are able
to symbolize but cannot do so verbally. Moreover, while the
specific language and speech of a culture are learned, children
are biologically primed to develop language and speech along
remarkably similar universal sequences. If they do not (devel-
op spoken language and speech) because of some effect of the
deletion on early language learning processes, they need to be
provided with an alternative modality for communication, lest
their critical period for language acquisition be jeopardized.

Once speech emerges in children with a 22q11.2 deletion, it
is often impaired by typical (phonological) and nontypically
occurring processes (motor disorders and compensatory dis-
orders). Also, in addition to delayed emergence of milestones,
children with the deletion seem to have prolonged periods be-
tween milestones. As a result, therapy must be intensive and
individualized. In the current economic times, this can be a
challenging recommendation given reimbursement patterns
and school trends toward inclusion methods of therapy. How-
ever, our experience (as well as that of others30) shows that
children receiving the most intensive therapies in conjunction
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with special education show the most improvement. Develop-
ing parental advocacy is also an important part of the treat-
ment process.

Children with a 22q11.2 deletion should be treated by a mul-
tidisciplinary team of professionals; both medical and devel-
opmental teams are necessary for proper evaluation and treat-
ment. For example, some of the motor and perceptual
problems evidenced in these children must also be addressed in
occupational and physical therapies.

In the school aged population, the data from this cohort
show that speech and language problems persist and require
in-depth, comprehensive evaluation and treatment when indi-
cated. Very importantly, the diagnosis of an NVLD does not
rule out an SLI. The early delay in language emergence contin-
ues to manifest itself in a high proportion of SLI in the school
aged period. The label of “NVLD” is potentially confusing as
these results clearly demonstrate that language disorders are
very common in children with the 22q11.2 deletion, even when
an NVLD profile is present. It is important to recognize that
language measures examine different functions than the verbal
knowledge tested in the verbal sections of IQ tests. Speech and
language therapy, with special education as indicated, contin-
ues to be an important part of the basic care of children with
this deletion. Because of the impact of language on learning,
classroom accommodations are often necessary.

Although 22q11.2 deletion is closely associated with cleft
palate, cardiac anomalies and other major malformations,
children with this deletion may present early with feeding,
communication, palatal dysfunction and no obvious struc-
tural anomalies. Some of the more mildly affected children
may not present in cleft palate clinics, ENT clinics or speech-
language clinics until later in their development.31 It is impor-
tant to expand ascertainment and treatment by locating chil-
dren in these settings as well as other more obvious ones, such
as cardiac clinics. This can help us in our ultimate goal of best
advocating for and treating the children and families affected
by the 22q11.2 deletion syndrome.

These studies were supported by funds from the National
Institutes of Health, including DC02027, HL62177, and
HD26979.
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